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Scientific program
Monday – 12 Sep, 2022

13:30 – 16:30 MINICURSOS

Genômica comparativa a nível estrutural e funcional Sala Jacarandá 2
Flávia Figueira Aburjaile, UFMG, Belo Horizonte, MG

Edição de genomas mediada por crispr em plantas:  Sala Jacarandá 3 
do estado da arte à aplicação prática

Vitor Favaretto Pinoti, FFCLRP/USP, Ribeirão Preto, SP

Fundamentos e métodos para o estudo da expressão gênica em bactérias Sala Jacarandá 4
Marilis Valle Marques, ICB/USP, São Paulo, SP
Hugo Libonati de Araújo, ICB/USP, São Paulo, SP

eDNA Metabarcoding na investigação de comunidades  Sala Jacarandá 5 
de micro a macroorganismos

Thiago Mafra Batista, Universidade Federal do Sul da Bahia, Porto Seguro, BA 
Daniel Carvalho, PUC/MG, Belo Horizonte, MG

Métodos de aprendizagem de máquina na descoberta  Sala Flamboyant 
de associações entre genótipo-fenótipo

Tetsu Sakamoto, IMD/UFRN, Natal, RN

RNAs não-codificantes e suas aplicações Sala Álamo
Amanda Ferreira Vidal, ITV, Belém, PA

Proteômica e sistemas biológicos no estudo de doenças humanas Sala Ipê Rosa
Alessandra Vidotto, FAMERP, São José do Rio Preto, SP

18:00 – 19:00 CERIMÔNIA
Abertura Solene do Congresso Salão Jacarandá

19:00 – 20:00 CONFERÊNCIA DE ABERTURA
New gene origination: mechanisms and phenotypic evolution Salão Jacarandá

Manyuan Long, Ecology & Evolution, The University of Chicago, Chicago, IL, USA
M
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Tuesday – 13 Sep, 2022
09:00 – 10:00 CONFERÊNCIAS 
Sequencing all life for the future of life: the Darwin Tree of Life Sala Jacarandá 1+2 
Project and its contributions to molecular evolution and conservation

Marcela Uliano da Silva, Wellcome Sanger Institute, Cambridge, UK 

The evolution of hyper-polymorphic social signals Sala Jacarandá 3+4
Jason Wolf, University of Bath, Bath, UK

Unraveling the molecular mechanisms involved with  Sala Jacarandá 5 
plant-insect-pathogen interactions

Marcio de Castro Silva Filho, ESALQ/USP, Piracicaba, SP

Integrating whole-genome sequencing with multi-omic data reveals  Sala Flamboyant 
the impact of structural variants on gene regulation in the human brain

Ricardo Assunção Vialle, Rush University Medical Center, Chicago, IL, USA

10:30 – 12:00 SIMPÓSIOS E MESAS-REDONDAS
Bioinformatics and system biology approaches to understand  Sala Jacarandá 1+2 
distinct outcomes from genetic variation

Chair: Rodrigo Juliani Siqueira Dalmolin, UFRN, Natal, RN
Computational tools and its application on characterizing transcriptional host-pathogen interactions

Vinicius Ramos Henriques Maracajá-Coutinho, Universidad de Chile, Santiago, Chile
Investigating prion-mediated regulatory mechanisms in global gene expression

Liming Li, Biochemistry and Molecular Genetics, Northwestern University, Chicago, USA
Screening genetic variations in organisms by mass spectrometry

Gustavo Antônio de Souza, UFRN, Natal, RN

Structuring life  Sala Jacarandá 3+4
Chair: Marcelo Mendes Brandão, UNICAMP, Campinas, SP

The Ribosome as a Time Machine
Loren Willians, School of Chemistry and Biochemistry, Atlanta, Geórgia, USA

Exploring the Dark Kinome: using structural information to develop small molecule chemical  
probes for understudied human kinases

Rafael Lemos Miguez Couñago, UNICAMP, Campinas, SP

Beyond selection vs neutrality or When neutral variation is not,  Sala Jacarandá 5 
and non-neutral is

Chair: Reinaldo Alves de Brito, UFSCar, São Carlos, SP
Shifts in selection regimes across timescales and levels of biological organization: the case of HLA genes

Diogo Meyer, IB/USP, São Paulo, SP
Understanding how selection shapes codon usage to reveal patterns of selection on the genetic code

Jason Wolf, University of Bath, UK 
Variation in selection regimes across the genome and its impact on phylogenetic inference

Reinaldo Alves de Brito, UFSCar, São Carlos, SP

10:30 – 12:00 PRÊMIOS
Prêmio CRODOWALDO PAVAN - Área Temática: Mutagênese Sala Flamboyant

Patrocínio: MutaGen – Associação Brasileira de Mutagênese e Genômica Ambiental
Antimicrobial and cytogenotoxic potencial of modified antimicrobial peptide identified  
in transcriptome of Cenostigma pyramidale (Tul.) E. Gagnon & G.P. Lewis

Palloma Lima de Oliveira, Universidade Federal de Pernambuco
High glucose levels increase oxidative and neurotoxic damage leading to neuronal death  
in differentiated neurons from SH-SY5Y cells

Jéssica Ellen Barbosa de Freitas Lima, Universidade de São Paulo
PARP-1 inhibition enhances in vitro induced-oxidative damage in human neural models

Larissa de Oliveira Piassi, Faculdade de Medicina de Ribeirão Preto

Tu
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In vitro mutagenicity assessment of functionalized hydroxyapatite-based biomaterials
Augusto Monteiro de Souza, Universidade Federal do Rio Grande do Norte

Dual inhibitor of acetylcholinesterase and ROCK2 increases cholinergic activity while  
inducing neurogenesis through the PI3K/AKT pathway in cell model for Alzheimer’s disease

Natalia Chermont dos Santos Moreira, Faculdade de Medicina de Ribeirão Preto da Universidade de São Paulo

Prêmio PAULO SODERO MARTINS - Área Temática: Evolução Sala Álamo
Patrocínio: Prof. Dr. Romeu Cardoso Guimarães 

Analysis of genic content in several B chromosome variants of Psalidodon (Teleostei, Characiformes)
Mateus Rossetto Vidal, Universidade Estadual Paulista - UNESP

200 genomes shed light on the origin and evolutionary dynamics of a hybrid zone between  
two Neotropical wild cats

Fernanda de Jesus Trindade, Pontifícia Universidade Católica do Rio Grande do Sul
Genome size and fraction of repetitive elements reflect the evolutionary history of in statu nascendi species

Henrique da Rocha Moreira, Universidade Federal do Rio Grande do Sul
Evaluation of the processes responsible for the origin and maintenance of genetic diversity  
at the TP53 loci in mammals

Gabriela Valente Lacerda Almeida, Universidade Federal do Rio de Janeiro
Investigating satellite DNA diversity, abundance and evolution, in two closely related Drosophila species  
(D. serido and D. antonietae) and in individuals from a hybrid zone

Ana Mattioli Laborne do Nascimento, Universidade Federal de Minas Gerais

12:00 – 14:00 REUNIÃO
Reunião do Conselho Executivo Restaurante do Praiamar Hotel (varanda)

13:00 – 14:00 CONFERÊNCIA TÉCNICA
Soluções Illumina para Sequenciamento de Monkeypox  Sala Jacarandá 1+2 
e outros microrganismos patogênicos e não patogênicos

Michele Penna, Illumina Genomics Specialist – Brazil

qPCR/Primers, probes e assays/dPCR Sala Jacarandá 3+4
André Lavorato, Especialista de Produtos, Thermo Fisher Scientific

14:00 – 15:00 CONFERÊNCIAS
What genomics can teach us about ex situ populations of endangered species Sala Jacarandá 1+2

Klaus-Peter Koepfli, Smithsonian-Mason School of Conservation, Washington, DC, EUA

Nature Mentoring Awards 2022  Sala Jacarandá 3+4
Carlos Frederico Martins Menck, ICB/USP, São Paulo, SP

The Mendel-Fisher controversy: did Mendel modify his data? Sala Jacarandá 5
Antonio Augusto Franco Garcia, ESALQ/USP, Piracicaba, SP

Fifty years ago: Richard Lewontin and the rejection  Sala Flamboyant 
of the genetic identity of human races

Diogo Meyer, IB/USP, São Paulo, SP

15:30 – 17:00 SIMPÓSIOS E MESAS-REDONDAS
Bioinformatics tools and databases to explore  Sala Jacarandá 1+2 
the genetic architecture of Brazilian populations

Chair: Gilderlanio Santana de Araújo, PPGBM/ICB/UFPA, Belém, PA
Exome sequencing of native populations from the Amazon reveals patterns on the peopling of South America

André Maurício Ribeiro dos Santos, New York University, New York, USA
Immunogenetics of the Brazilian population: databases, tools, and patterns observed  
between Brazil and other populations

Erick C. Castelli, FM/Unesp, Botucatu, SP
Unveiling the genetics of the Brazilian population: tools and genetic databases

Gilderlanio Santana de Araújo, PPGBM/ICB/UFPA, Belém, PA

Tu
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Next generation cytogenetics: use of genomic tools  Sala Jacarandá 3+4 
for plant chromosome analysis

Chair: Ana Christina Brasileiro-Vidal, UFPE, Recife, PE
Breakpoint identification in maize chromosomes using haplotype-specific painting probes based  
on oligonucleotides

Lívia do Vale Martins, UFPI, Teresina, PI
Cytogenomic approaches in the Vigna karyotype evolution analysis

Ana Christina Brasileiro-Vidal, UFPE, Recife, PE
The blossom of Passiflora cytogenetics

Andrea Pedrosa-Harand, UFPE, Recife, PE

15:30 – 17:00 PRÊMIOS
PRÊMIO HORÁCIO SCHNEIDER - Área Temática: Genética Animal Sala Jacarandá 5

Patrocínio: Profa. Maria Iracilda da Cunha Sampaio (UFPA)
Differential allelic expression and co-expression revealed oxidative stress-dependent  
proteolysis as a key regulator of Nelore beef tenderness

Jennifer Jessica Bruscadin, Universidade Federal de São Carlos
A satellite DNA prospected from 3RAD data shed light on the study of the sex chromosomes  
found in a species complex of frogs

Lucas Henrique Bonfim Souza, Universidade Estadual de Campinas
Dynamics of chromosomal rearrangements in two populations of Gymnotus mamiraua  
(Gymnotiformes, Teleostei) revealed by chromosome painting

Ananda Marques Pety, Universidade Federal do Pará
O-GlcNAc characterization during Tribolium castaneum development

Bruno da Costa Rodrigues, Universidade Federal do Rio de Janeiro
Dark matter of the dark matter: retrotransposed genes on the B chromosome of the tetra-fish  
Psalidodon paranae (Teleostei, Characiformes)

Lucas Fortino Lasmar, UNESP - Instituto de Biociências, Botucatu

PRÊMIO MILTON KRIEGER - Área Temática: Genética de Microrganismos Sala Flamboyant
Patrocínio: Prof. Dr. Henrique Krieger

Brevibacillus brevis subsp oleosa, subsp. nov., a hydrocarbonoclastic bacterium isolated  
from metagenome enrichment approach from oil reservoir sample

Júlia Firme Freitas, Universidade Federal do Rio Grande do Norte
Relative expression by qPCR, transcriptome sequencing, and differential gene expression (DGE)  
analysis reveals insights into lignocellulose degradation of Trametes villosa CCMB561

Luiz Marcelo Ribeiro Tomé, Universidade Federal de Minas Gerais
Whole-genome sequencing of the spider pathogen Gibellula pulchra (Ascomycota, Cordycipitaceae)  
reveals candidate genes related to parasitism and host manipulation mechanism

Thairine Mendes-Pereira, Universidade Federal de Minas Gerais
Bioprospection and transcriptomic analysis of lipid producing benthonic diatoms from the  
Abrolhos reef bank, Brazil

Aline Shimada da Cruz, Universidade Federal do Rio de Janeiro
Prospection of peptides with antibacterial and inducer of vegetal defense system activities  
against Huanglonbing

Beatriz Cristina Pecoraro Sanches, UNESP/FUNDECITRUS

17:00 – 19:00 SESSÃO DE PAINÉIS 
Os resumos com numeração IMPAR deverão ser fixados no dia 13/09 - terça-feira - a partir das 10 horas e retirados impreterivelmente até as 
10 horas da manhã do dia 14/09, quarta-feira.

19:30 – 22:30 GET TOGETHER DINNER
Os alunos devem estar no restaurante às 19:15 h.
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Wednesday – 14 Sep, 2022
09:00 – 10:00 CONFERÊNCIA 
Meiosis in plants - molecular features investigated by chromosome observation Sala Jacarandá 1+2

Hank W. Bass, Florida State University, Florida, USA

Fungal extracellular vesicles are involved in intracellular communication Sala Jacarandá 3+4
Fausto Bruno dos Reis Almeida, FMRP/USP, Ribeirão Preto, SP

Innovating today for tomorrow Sala Jacarandá 5
Marcia O. M. A. José, Bayer SA

09:00 – 10:00 FÓRUM
Forum da Pós Graduação - Área Ciências Biológicas I – CAPES Sala Flamboyant

Coordenador: Carlos Frederico Martins Menck, ICB/USP, São Paulo, SP

10:30 – 12:00 SIMPÓSIOS E MESAS-REDONDAS
Bioremediation applied to combating oil contamination on the Brazilian coast Sala Jacarandá 1+2

Chair: Lucymara Fassarella Agnez Lima, UFRN, Natal, RN
Biodiversity and oil spills in reef systems

Fabiano Lopes Thompson, UFRJ, Rio de Janeiro, RJ
Metagenomics applied to hydrocarbon bioremediation

Lucymara Fassarella Agnez Lima, UFRN, Natal, RN
Microbial community associated with crude oil spills in the Northeast and identification  
of potential bioremediators

Vania Maria Maciel Melo, UFC, Fortaleza, CE 
Prospection and characterization of microorganisms for bioremediation of marine environments

Marilene Henning Vainstein, UFRGS, Porto Alegre, RS 

The use of eDNA to map and monitor the Brazilian biodiversity Sala Jacarandá 3+4
Chair: Jonathan Stuart Ready, ICBIO/UFPA, Belém, PA

A national project to map biodiversity using eDNA
Guilherme Correa Oliveira, Instituto Tecnógico da Vale do Rio Doce, Belém, PA 

What are the challenges we face to adopt metagenomic monitoring of biodiversity  
as a mainstream method?

Carla Martins Lopes, IB/UNESP, Rio Claro, SP
What is eDNA and how it has been used for the description and monitoring of biodiversity

Daniel Carvalho, PUC/MG, Belo Horizonte, MG

Human genomics: applications and challenges Sala Jacarandá 5
Chair: Celso Teixeira Mendes Junior, FFCLRP/USP, Ribeirão Preto, SP

Computational Challenges in the analysis of gene families and hypervariable genes
Erick C. Castelli, FM/UNESP, Botucatu, SP

Forensic Genetics: state of art and current challenges
Celso Teixeira Mendes Junior, FFCLRP/USP, Ribeirão Preto, SP

How a Brazilian genomic database contributes to precision medicine?
Michel Satya Naslavsky, USP/SP, São Paulo, SP 

The genomics of the populations of the African diaspora: unraveling roots  
and pursuing health equity

Márcia Holsbach Beltrame, UFPR, Curitiba, PR

10:30 – 12:00 PRÊMIOS
Prêmio NEWTON FREIRE-MAIA - Área Temática: Genética Humana Sala Flamboyant

Patrocínio: Profa. Dra. Eleidi Alice Chautard Freire Maia
Inflammasome activation in the pulmonary parenchyma defines two distinct profiles associated  
with cytokine storm and worsening of lung function

Keyla Santos Guedes de Sá, Faculdade de Medicina de Ribeirão Preto

W
ed

ne
sd

ay
 –

 1
4 

Se
p,

 2
02

2 



15

From stellate morphology to a round acinar structure: A deep analysis of a Triple Negative Breast Cancer  
cell lineage post-transcriptionally regulated with miR-34a

Felipe Canto de Souza, Faculdade de Medicina de Ribeirão Preto
Inflammasome-related genes are dysregulated in visceral and subcutaneous adipose tissue of C57BL/6  
mice fed with cafeteria diet

Felipe Mateus Pellenz, Universidade Federal do Rio Grande do Sul
Genetic risk score predicts type 1 diabetes mellitus susceptibility in a Southern Brazilian populationse  
tissue of C57BL/6 mice fed with cafeteria diet

Mayara Souza de Oliveira, Universidade Federal do Rio Grande do Sul
New vessels formation after treatment with Bevacizumab and Paclitaxel in head and neck cancer stem cells

Gabriela Helena Rodrigues, Faculdade de Medicina de São Jose do Rio Preto

Prêmio ALCIDES CARVALHO - Área Temática: Genética Vegetal Sala Álamo
Patrocínio: IAC – Instituto Agronômico de Campinas

Evolutionary history of natural populations of Psidium guajava L. from Brazil
Pamela Estyse Campos Bini, UNICENTRO

Pathogen infection and drought stress affect genes of the thiamine de novo biosynthesis and salvage  
pathway in sugarcane

Henrique Moura Dias, Universidade de São Paulo
RNAi-based biopesticide to control Tuta absoluta

Leonardo Zimmermann Rodrigues, Universidade de São Paulo
Expression profiling of Receptor-Like Kinases (RLK) candidate genes associated with coffee resistance  
to Hemileia vastatrix

Danúbia Rodrigues Alves, Universidade Federal de Viçosa
Chemical elicitors increase protein accumulation in young cocoa plants infected with Moniliophthora  
perniciosa, detected by Western Blot

Nayara de Almeida Santos, Universidade Estadual de Santa Cruz

12:00 – 14:00 FÓRUM
Fórum dos Ex-Presidentes Restaurante do Praiamar Hotel (varanda)

14:00 – 15:30 SIMPÓSIOS E MESAS-REDONDAS
Female scientistis in evo-devo research Sala Jacarandá 1+2

Chair: Mariana Freitas Nery, UNICAMP, Campinas, SP
A meeting between Mary Jane and the Eco-Evo-Devo of Neotropical Fish

Tiana Kohlsdorf, FFCLRP/USP, Ribeirão Preto, SP
From classical to developmental genetics

Tatiana Teixeira Torres, IB/USP, São Paulo, SP 
Where we came from, where we are, and where we want to go

Mariana Freitas Nery, UNICAMP, Campinas, SP

Jumping genes and genomic diversification Sala Jacarandá 3+4
Chair: Marie-Anne Van Sluys, IB/USP

Mobile elements discovery through Data Science approaches
Alexandre Rossi Paschoal, UTFPR, Curitiba, PR

Moving parts of the genome: a major toolkit in cellular life
Marie-Anne Van Sluys, USP, São Paulo, SP

Retrocopies: a source of structural variation and genetic novelties in the human genome
Pedro Alexandre Favoretto Galante, Instituto Sírio-Libanes, São Paulo, SP 

O Ensino da Genética na formação continuada de professores –  Sala Jacarandá 5 
Mestrado Profissional em Ensino de Biologia (PROFBIO)  

Chair: Maria de Nazaré Klautau Guimarães, UnB, Brasília, DF
A necessária integração de conceitos da genética clássica e molecular nas interações alélicas 

Adlane Vilas Boas, UFMG, Belo Horizonte, MG 
Dificuldades e estratégias para a compreensão do modo de herança da cor da pele em humanos 

Álvaro Júlio Pereira, UECE, Fortaleza, CE
O ensino de genética baseado em interesses do cotidiano dos estudantes 

Silviene Fabiana de Oliveira, UnB, Brasília, DF 
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14:00 – 15:30 PRÊMIO
Prêmio DARCY FONTOURA DE ALMEIDA - Área Temática: Bioinformática e Ômicas Sala Flamboyant

Patrocínio: Bayer SA
Differential gene co-expression analysis in Alzheimer’s disease unveils links with glaucoma genetics

Arthur Ribeiro dos Santos, Universidade Federal do Pará
Genome mining of elite phosphate solubilizing and mineralizing Bacillus strains  
shows genes relevant for plant growth-promotion

Gladys Angélica Apaza Castillo, Universidade de São Paulo
Integrating dual-layer biological network with transcritptomes to unravel putative  
RGA-related modules of energy-cane resistance to Sporisorium scitamineum

Gustavo Schiavone Crestana, Universidade de São Paulo / ESALQ
Rational design, antimicrobial activity and toxicity of a peptide derived from  
Thaumatin-Like Protein (TLP) from Vigna unguiculata L. (Walp)

Wilson Dias de Oliveira, Universidade Federal de Pernambuco
Varsmetagen: An online platform for analyses of microbial NGS data enabling precision  
medicine in the diagnosis of infectious diseases

Raquel Riyuzo de Almeida Franco, Varsomics - Albert Einstein

14:00 – 18:00 GENÉTICA NA PRAIA
Oficina 1. Podcast Transcrição: uma ferramenta de ensino e divulgação da genética

Coordenação: Vilma Loreto, UFPE , Recife, PE

Oficina 2. Utilizando e adaptando Materiais Didáticos disponíveis na internet  
para Ensinar e Aprender Genética e Evolução
Coordenação: Eliana Dessen, IB/USP, São Paulo e Lucymara Fassarela Agnes Lima, UFRN, Natal RN

Oficina 3. Entendendo a empacotamento do material genético: cromossomo ou cromatina? 
Maria Teresa Marquim Nogueira Cornélio, Marília de França Rocha e alunos colaboradores - ICB/UPE, Recife, PE 

Oficina 4. Que tal tocar em células? 
Ana Maria Medeiros de Ataídes, Maria de Fátima da Gama Oliveira e alunos colaboradores - ICB/UPE, Recife, PE 

Oficina 5. Melhoramento genético: o que é e para que serve?
Airton Araújo de Souza Junior, Andréa Pereira da Silva e Thayse Azevedo da Silva, UFRN, Natal, RN

Oficina 6. Utilizando doenças genéticas para ensinar padrões de herança
Matheus Sena de Oliveira, Centro de Biociências/UFRN, Natal, RN

Oficina 7. Desenhando a Genética
Alessandra Vidotto, Laboratório Multiusuário - LMU, Faculdade de Medicina de São José do Rio Preto, FAMERP, São Paulo

16:00 – 17:30 ASSEMBLEIA

17:30 – 19:30 SESSÃO DE PAINÉIS
Os resumos com numeração PAR deverão ser fixados no dia 14/09 - quarta-feira - a partir das 10 horas e retirados impreterivelmente até as 
10 horas da manhã do dia 15/09, quinta-feira.
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Thursday – 15 Sep, 2022
09:00 – 10:00 CONFERÊNCIAS 
How to target bacterial (p)ppGpp signaling pathways  Sala Jacarandá 1+2 
to improve antimicrobial therapy

Frederico José Gueiros Filho, IQ/USP, São Paulo, SP

Sugarcane genome architecture decrypted  Sala Jacarandá 3+4 
with chromosome-specific oligo probes

Nathalie Piperidis, Sugar Research Australia, Mackay, Australia

09:00 – 10:00 FÓRUM
AB3C Medal of Academic Merit (Bioinformatics and Omics) Sala Jacarandá 5

Alan Mitchell Durham, Computer Science Department, University of São Paulo

10:30 – 12:00 SIMPÓSIOS E MESAS-REDONDAS
Genetics and Evolution of SARS-CoV-2 Sala Jacarandá 1+2

Chair: Renato Santana de Aguiar, UFMG, Belo Horizonte, MG
Tracking the evolution of SARS-CoV-2 with real-time genomic surveillance

Carolina Moreira Voloch, UFRJ, Rio de Janeiro, RJ
Vaccines and variants in Sars-Cov-2 epidemics

Maurício Lacerda Nogueira, FAMERP, São José do Rio Preto, SP
Virus and host genetic factors associated to severe COVID-19

Renato Santana Aguiar, UFMG, Belo Horizonte, MG

Satellite DNA evolution and function -  Sala Jacarandá 3+4 
shedding light in the dark matter of the genome

Chair: Gustavo Campos e Silva Kuhn, UFMG, Belo Horizonte, MG 
Dynamic, evolution, and function of maize heterochromatic knobs and relative species

Mateus Mondin, ESALQ/USP, Piracicaba, SP
Faraway, so close: Cenp-A from Drosophila buzzatii correctly localizes to centromeric satellites  
of D. virilis despite >20My of species separation

Gustavo Campos e Silva Kuhn, UFMG, Belo Horizonte, MG
DNA satélites em cromossomos sexuais

Patricia Pasquali Parise Maltempi, UNESP, Rio Claro, SP

Fritz Müller 200 years – 17 years of correspondence with  Sala Jacarandá 5 
Charles Darwin that helped to shape the Theory of Natural Selection

Chair: Klaus Hartfelder, FMRP/USP, Ribeirão Preto, SP
A historical view on the Science of Fritz Müller

Klaus Hartfelder, FMRP/USP, Ribeirão Preto, SP
Fritz Müller and the rise of evolutionary developmental biology

Federico David Brown Almeida, IB/USP, São Paulo, SP

10:30 – 12:00 PRÊMIO JOVEM GENETICISTA
Prêmio JOVEM GENETICISTA: FRANCISCO MAURO SALZANO Sala Flamboyant

Patrocínio: Sociedade Brasileira de Genética
Early neurodegeneration, inflammation, and vascular dysfunction in the central nervous system  
of a progeroid mouse model

Gustavo Satoru Kajitani, Instituto de Ciências Biomédicas da Universidade de São Paulo (ICB-USP)
Structural and evolutionary analyses of PR-4 SUGARWINs points to a different pattern  
of protein function

Lorhenn Bryanda Lemes Maia, Universidade Católica Dom Bosco
Deforestation and pastures in the Amazon: management of soil acidity and grass coverage  
can stimulate soil methane uptakerent Pattern of Protein Function

Leandro Fonseca de Souza, Escola Superior de Agricultura “Luiz de Queiroz” da Universidade de São Paulo (ESALQ/USP) Th
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Apoptosis in the gastric adenocarcinoma: an analysis of nuclear and mitochondrial variants
Giovanna Chaves Cavalcante, Universidade Federal do Pará

Is it DNA burning up? Marketable caffeine and 1,3-dimethhylamine-amine-based  
thermogenic supplements induce in vitro genotoxicity

Carlos Fernando Araujo Lima de Oliveira, Universidade Federal do Estado do Rio de Janeiro

10:30 – 12:00 WORKSHOP
Hologenoma de Nelore, implicações na eficiência alimentar  Sala Álamo 
e qualidade de carne

Coordenadora: Luciana Correia de Almeida Regitano, Embrapa Pecuária Sudeste, São Carlos, SP

14:00 – 15:30 SIMPÓSIOS E MESAS-REDONDAS
Origin of life: innovative ways to approach an old problem Sala Jacarandá 1+2

Chair: Savio Torres de Farias, UFPB, João Pessoa, PB
Drawing the big picture: major transitions in prebiotic evolution

Francisco Prosdocimi, UFRJ, Rio de Janeiro, RJ
Mine is Self-reference in the life process

Romeu Cardoso Guimarães, UFMG, Belo Horizonte, MG
Origin of metabolism: new looks into a complex problem

Savio Torres de Farias, UFPB, João Pessoa, PB

Omic sciences applied to livestock  Sala Jacarandá 3+4
Chair: Luciana Correia de Almeida Regitano, Embrapa Pecuária Sudeste, São Carlos, SP

Omics approach: potential role of fatty acids as functional components  
in the swine diet

Aline Silva Mello Cesar, ESALQ/USP, Piracicaba, SP
The Nelore hologenome: insights on the microbiobiability for feed efficiency  
and methane emission

Luciana Correia de Almeida Regitano, Embrapa Pecuária Sudeste, São Carlos, SP
Control of gene expression: Identification of regulatory regions and impact  
on genetic improvement

Luiz Lehmann Coutinho, ESALQ/USP, Piracicaba, SP
Quantitative analysis of genome and microbiome information

Gerson Barreto Mourão, ESALQ/USP, Piracicaba, SP

Genetics and Epigenetics of Gastric Cancer Sala Jacarandá 5
Chair: Rommel Mario Rodriguez Burbano, HOL/UFPA, Belém, PA 

Gastric Cancer in the Brazilian Population: a genetic and epigenetic approach
Elizabeth Suchi Chen, UNIFESP, São Paulo, SP

Gene Expression in Gastric Adenocarcinoma 
Paulo Pimentel Assumpção, UFPA, Belém, PA

Multiple Genetic and Epigenetic Layers of Interaction in Gastric Cancer
Ândrea Kely Ribeiro dos Santos, UFPA, Belém, PA

Mutagenic and chemoprotective activity of natural products:  Sala Flamboyant 
“the two sides of the coin”

Chair: Carlos Fernando Araújo Lima, UNIRIO, Rio de Janeiro, RJ
Investigation of the mutagenic potential of cerrado plants using the SMART assay

Zaira da Rosa Guterres, UEMS, Dourados, MS
Natural, but is it harmful? Contributions on the genotoxicity of Brazilian folk medicine plants 

Carlos Fernando Araújo Lima, UNIRIO, Rio de Janeiro, RJ
Potential targets for chemoprevention and chemotherapeutic: an approach based  
on the application of natural products

Pollyanna Francielli de Oliveira, UNIFAL, Alfenas, MG

15:45 CERIMÔNIA
Cerimônia de Encerramento Salão Jacarandá
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Genética Humana, Médica e Farmacogenética ................................................................................................... 49
GENERATION OF A HIPSC-DERIVED 3D MICROTISSUE MODEL FOR THE STUDY OF THE CARDIAC PHENOTYPES 
CAUSED BY MARFAN SYNDROME ................................................................................................................................................. 50

Alexandre Berlowitz Butenas; Lygia da Veiga Pereira

ASSOCIATION OF VARIANTS IN B CELL COSTIMULATORY GENES WITH SUSCEPTIBILITY TO ENDEMIC PEMPHIGUS 
FOLIACEUS ...................................................................................................................................................................................... 51

Alexandre Souza Danko; Fabiano Felix Goetten; Danillo Gardenal Augusto; Maria Luiza Petzl-Erler; Liana Alves de Oliveira

EPIGENETIC PROFILE ANALYSIS OF CHILDREN WITH NON-SYNDROMIC OROFACIAL CLEFTS ................................................. 52
Amanda Jussara Figueiredo Rêgo; Luíza Araújo da Costa Xavier; Julio Alejandro Navoni; Liziane Virginia Pereira Freire; Viviane 
Souza do Amaral

GENOME-WIDE ASSOCIATION STUDY AND POLYGENIC RISK SCORE IN WOMEN WITH PTSD VICTIMS OF  
SEXUAL ASSAULT ............................................................................................................................................................................ 53

Amanda Victória Gomes Bugiga; Vanessa Kiyomi Ota; Adrielle Martins Oliveira; Evelin Aline Zanardo; Samar Nasser Chehimi; 
Leslie Domenici Kulikowski; Andrea Feijó Mello; Marcelo Feijó de Mello; Carolina Muniz Carvalho; Sintia Iole Belangero

LNC-UC.147 AFFECTS VIABILITY AND CLONOGENICITY CAPACITY IN HEPG2 CELLS REGULATED BY THE 
TRANSCRIPTION FACTOR TEAD4 AND INFLUENCES NEIGHBOR GENE EXPRESSION ............................................................... 54

Ana Carolina Rodrigues; Erika Pereira Zambalde; Daniel de Lima Bellan; Edvaldo Trindade; Enilze Maria de Souza Fonseca Ribeiro; 
George Calin; Daniela Fiori Gradia; Jaqueline Carvalho de Oliveira

INVESTIGATION OF THE GENETIC BASIS OF ANXIETY DISORDERS AND DEPRESSION: AN OVERVIEW OF CANDIDATE 
GENES .............................................................................................................................................................................................. 55

Ana Paula Pereira Alves; Ana Paula Pimentel Costa

EPIDEMIOLOGICAL AND MOLECULAR STUDY OF BRAFV600E, KRAS, NRAS AND MSI IN COLORECTAL CANCER .................. 56
Ana Paula Simedan Vila; Gabriela Helena Rodrigues-Fleming; Juliana Garcia de Oliveira-Cucolo; Rafael Felipe Maciel Andrade; 
Dalísio de Santi Neto; João Gomes Netinho; Lilian Castiglioni; Érika Cristina Pavarino; Eny Maria Goloni-Bertollo

BACTERIAL DIVERSITY OF PENILE TUMORS USING 16S RRNA SEQUENCING: PRELIMINARY DATA ........................................ 57
Antonio Augusto Lima Teixeira Junior; Rafael dos Santos Bezerra; Raphael de Andrade Morraye; Kelly Gomes Duarte; Greice 
Andreotti de Molfetta; Rodolfo Borges dos Reis; Gyl Eanes Barros Silva; Wilson Araújo Silva Jr

ANTIOXIDANT, PHYTOCHEMICAL AND CYTOTOXIC EFFECTS OF TWO EXTRACTS OBTAINED FROM GEOFFROEA 
DECORTICANS (GILL. EX HOOK. ET ARN.) BURKART (FABACEAE) ............................................................................................... 58

Ariana Pereira da Silva; Maria Lúcia da Silva Cordeiro; Verônica Giuliani de Queiroz Aquino Martins; Hugo Alexandre Oliveira 
Rocha; Kátia Castanho Scortecci

RELATIONSHIP BETWEEN LOSS OF HETEROZYGOSITY IN MUC1, COX-2 AND NQO1 GENE POLYMORPHISMS AND 
RISK OF GASTRIC CANCER IN A POPULATION FROM NORTHEASTERN BRAZIL ........................................................................ 59

Augusto Monteiro de Souza; Sylvia Satomi Takeno Herrero; Eleonidas Moura Lima

GENETIC POLYMORPHISMS OF MTHFR, DNMT1, DNMT3A AND DNMT3B GENES AND CHEMOINDUCED ORAL 
MUCOSITIS IN ONCOPEDIATRIC PATIENTS ................................................................................................................................... 60

Beatriz Fernandes de Souza; José Maria Chagas Viana Filho; José Nunes de Queiroz Neto; Marina de Castro Coêlho; Vânia Vieira 
Reis; Ana Maria Gondim Valença; Darlene Camati Persuhn; Naila Francis Paulo de Oliveira

GENE EXPRESSION PROFILE CHANGES OF CO-CHAPERONES DNAJB12 AND DNAJC7 GENE IN DOWN SYNDROME: 
POSSIBLE CONSEQUENCES ON PROTEIN-PROTEIN INTERACTION AND SIGNALING PATHWAYS OF PROTEOSTASIS 
NETWORK........................................................................................................................................................................................ 61

Beatriz Pavarino Bertelli; Érika Cristina Pavarino; Daniel Ramos de Oliveira Santos; João Simão de Melo Neto; Fabiana de Campos 
Gomes; Eny Maria Goloni-Bertollo

IN SILICO AND IN VITRO ANALYSIS OF ACRIFLAVINE AS AN INHIBITORY COMPOUND OF HIF-1A AND HIF-2A IN 
HEAD AND NECK CANCER .............................................................................................................................................................. 62

Bianca Barbério Bogdan Tedeschi; Tiago Henrique; Gabriela Helena Rodrigues; Marcia Maria Urbanin Castanhole-Nunes; Rosa 
Sayoko Kawasaki-Oyama; Erika Cristina Pavarino; Juliana Garcia Oliveira-Cucolo; Eny Maria Goloni-Bertollo

MIR-145 EXPRESSION IN BREAST TUMORS PATIENTS FROM NORTH BRAZIL ........................................................................... 63
Caio Dantas Alves; Anna Carolina Lima Rodrigues; Amanda da Silva Furtado; Mariana Diniz Araújo; Danilo do Rosário Pinheiro; 
Rommel Mario Rodriguez Burbano; Bárbara do Nascimento Borges

SCREENING AND VALIDATION OF A MIRNAS PANEL IN BRAZILIAN PATIENTS WITH GASTRIC CANCER: MIR-21-5P, 
MIR-124-3P AND MIR-138-5P. ........................................................................................................................................................ 64

Camila Albuquerque Pinto; Bruno Takao Real Karia; Carolina Oliveira Gigek; Leonardo Caires dos Santos; Fernanda Wisnieski 
Caires dos Santos; Elizabeth Suchi Chen; Renata Sanches Almeida Ribeiro; Brunno Santos Pereira; Danielle Queiroz Calcagno; 
Paulo Pimentel Assumpção; Sâmia Demacki; Carlos Haruo Arasaki; Laercio Gomes Lourenço; Ricardo Artigiani; Lucas Rasmussen; 
Spencer Payão; Rommel Mario Rodriguez Burbano; Marilia Arruda Cardoso Smith

THE FUNCTIONAL ROLE OF MICRORNAS TARGET GENES IN THE PATHOPHYSIOLOGY OF VITILIGO ...................................... 65
Camila Vitória Ferreira Mendes; Camille Sena dos Santos; Rebecca Laís da Silva Cruz; Adenilson Leão Pereira
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ASSOCIATION OF MITOCHONDRIAL MUTATION A10398G AND IDIOPATHIC PARKINSON’S DISEASE IN A BRAZILIAN 
POPULATION ................................................................................................................................................................................... 66

Camille Sena dos Santos; Bruno Lopes dos Santos Lobato; Gilderlanio Santana de Araújo; Rebecca Lais da Silva Cruz; Caio Santos 
Silva; Tatiane Piedade de Souza; Dafne Moura Dalledone; Ândrea Ribeiro dos Santos; Giovanna Chaves Cavalcante

IDENTIFICATION OF DIFFERENTIAL GENE EXPRESSION RELATED TO NEUROINFLAMMATORY AND IMMUNE 
PATHWAYS IN ALZHEIMER’S DISEASE ........................................................................................................................................... 67

Camille Sena dos Santos; Tatiane Piedade de Souza; Gleyce Fonseca Cabral; Ândrea Ribeiro dos Santos; Giovanna Chaves 
Cavalcante

GENETICALLY-DETERMINED PIGMENTATION AND VITAMIN D-RELATED PHENOTYPES IN A BRITISH BIRTH COHORT ......... 68
Carolina Bonilla

INTEGRATION OF GWAS AND EXPRESSION LEVELS HIGHLIGHTS LNCRNA-SNPS IN BREAST CANCER: A BRAZILIAN 
CASE-CONTROL STUDY .................................................................................................................................................................. 69

Carolina Mathias; Anelis Maria Marin; Ana Flávia Kohler; Heloisa Bruna Soligo Sanchuki; Márcia Holsbach Beltrame; Enilze Maria 
de Souza Fonseca Ribeiro; Daniela Fiori Gradia; Mateus Nobrega Aoki; Jaqueline Carvalho de Oliveira

ANALYSIS OF THE TEMPORAL DISPERSION OF SARS-COV-2 STRAINS/LINEAGES IN PATIENTS FROM THE NORTH 
REGION OF BRAZIL. ........................................................................................................................................................................ 70

Catarina Torres Pinho; Maria Clara da Costa Barros; Jhully Azevedo dos Santos Pinheiro; Caio Santos; Cintia Helena Braga da Silva; 
Laura Closset; Amanda Ferreira Vidal; Tatiane Piedade; Rita Catarina Medeiros Sousa; Pablo Diego Pinto; Cláudio Guedes Salgado; 
Guilherme Oliveira; Jorge Souza; Sandro de José Souza; José Ricardo Vieira; Ândrea Kely Campos Ribeiro-dos-Santos

TRANSCRIPTOME ANALYSIS REVEALS GENES FROM THE HEMOSTATIC SYSTEM ASSOCIATED WITH SEVERE COVID-19 ..... 71
Cintia Helena Braga da Silva; Jhully Azevedo dos Santos Pinheiro; Giordano Bruno Soares-Souza; Caio Santos Silva; Catarina Torres 
Pinho; Claudio Guedes Salgado; José Ricardo Santos Vieira; Ândrea Ribeiro-dos-Santos; Leandro Magalhães

PREMATURE OVARIAN FAILURE ASSOCIATED WITH VOGT-KOYANAGI-HARADA SYNDROME: A CASE REPORT. ................... 72
Cleiton Fantin; Ruan Barboza Rocha; Paula Rita Leite da Silva; Natália Dayane Moura Carvalho

ANALYSIS OF CANDIDATE GENES FOR THE MAINTENANCE OF X CHROMOSOME INACTIVATION.......................................... 73
Daniel Minatti Felismino; Lygia da Veiga Pereira Carramaschi

GENE AND PROTEIN EXPRESSION OF IKBKB AND ITS INTERACTION WITH MIRNA HSA-MIR-942-5P  
IN DOWN SYNDROME .................................................................................................................................................................... 74

Daniel Ramos de Oliveira Santos; Marlon Fraga Mattos; Geraldo Aleixo da Silva Passos Júnior; Joice Matos Biselli; Amanda Freire 
de Assis; Rosa Sayoko Kawasaki-Oyama; Márcia Maria Urbani Castanhole-Nunes; Eny Maria Goloni-Bertollo; Érika Cristina 
Pavarino

ASSOCIATION BETWEEN EXPRESSION OF MICRO-RNAS AND TRANSFER OF LIPIDS TO HDL IN PATIENTS WITH 
STROKE DUE TO HYPERTENSIVE EMERGENCY ............................................................................................................................. 75

Days Oliveira de Andrade; Fatima Rodrigues Freitas; Franciana Luísa Aguiar; Ana Luiza Possebon Mansor; Dorotéia Rossi Silva 
Souza; Raul Cavalcante Maranhão; José Fernando Vilela Martin

FYN GENE EXPRESSION AS A PREDICTOR OF TREATMENT RESPONSE FOR LUPUS NEPHRITIS ............................................... 76
Diego Santana Jerônimo da Silva; Camilla Albertina Dantas de Lima; Gisele Vajgel; Paula Sandrin Garcia

TRYPANOSOMA CRUZI CAN INSERT A FRACTION OF ITS DNA INTO THE GENOME OF HUMAN HOSTS ................................. 77
Eduardo José dos Santos; Maríllia Lima Costa; Carlos Eduardo Anunciação; Clever Gomes Cardoso; Elisângela de Paula Silveira 
Lacerda; Marco Túlio Antônio Garcia-Zapata

VARIANTS IN EFNA1, MIR499A AND MIRLET7A1 AS POSSIBLE BIOMARKERS OS SERIOUS HEMATOLOGICAL 
TOXICITY IN THE TREATMENT OF ACUTE LYMPHOBLASTIC LEUKEMIA IN PEDIATRIC PATIENTS IN THE BRAZILIAN 
AMAZON ......................................................................................................................................................................................... 78

Elisa da Silva Menezes; Amanda Nazaré Cohen Lima de Castro; Lucas Favacho Pastana; Kaio Evandro Cardoso Aguiar; Rita de 
Cássia Calderaro Coelho; Esdras Edgar Batista Pereira; Antônio André Conde Modesto; Sweny de Sousa Marinho Fernandes; 
Alaide Vieira Wanderley; Rommel Mario Rodriguez Burbano; Sidney Emanuel Batista dos Santos; Marianne Rodrigues Fernandes; 
Ney Pereira Carneiro dos Santos

HYPERMETHYLATION OF MBD1 DECREASES ITS GENE EXPRESSION IN EARLY STAGES OF GASTRIC CANCER....................... 79
Elizabeth Suchi Chen; Ana Carolina Anauate Pereira; Carolina de Oliveira Gigek; Fernanda Wisnieski; Leonardo Caires dos Santos; 
Danielle Queiroz Calcagno; Mariana Ferreira Leal; Paulo Pimentel Assumpção; Ricardo Artigiani; Rommel Rodriguez Burbano; 
Marilia de Arruda Cardoso Smith

CHANGES IN THE EXPRESSION PROFILE OF CO-CHAPERONES DNAJB12 AND DNAJC4 AND RELATIONSHIP TO 
INTEGRATED GENES AND PROTEINS: EFFECTS OF TRISOMY 21 ON THE PROTEOSTASIS NETWORK ...................................... 80

Fabiana de Campos Gomes; João Simão de Melo Neto; Beatriz Pavarino Bertelli; Daniel Ramos de Oliveira Santos; Giulia 
Aparecida Regiani; Gustavo Cipullo Nesteruk Moreira; Eny Maria Goloni Bertollo; Érika Cristina Pavarino

CO-OVEREXPRESSION OF THE TUMOR SUPPRESSOR GENE TSC1 AND THE TRANSLATIONAL REGULATOR UNK .................. 81
Fábio Arthur Mateus Conceição; Luciana Amaral Haddad

FROM STELLATE MORPHOLOGY TO A ROUND ACINAR STRUCTURE: A DEEP ANALYSIS OF A TRIPLE NEGATIVE 
BREAST CANCER CELL LINEAGE POST-TRANSCRIPTIONALLY REGULATED WITH MIR-34A ...................................................... 82

Felipe Canto de Souza; Hellen Kuasne; Monyse de Nobrega; Morag Park; Rodrigo Alexandre Panepucci
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GENERATION OF A HIPSC-DERIVED 3D MICROTISSUE MODEL FOR THE STUDY  
OF THE CARDIAC PHENOTYPES CAUSED BY MARFAN SYNDROME
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Abstract: 
Marfan Syndrome (MFS) is an autosomal dominant genetic condition with pleiotropic manifestation caused by alter-
ations in the FBN1 gene, encoding fibrillin-1 protein. Mutant fibrillin-1 interferes in microfibril and extracellular matrix 
structure leading to many functional and structural changes in the connective tissue. Among typical manifestations of 
MFS, those associated with the cardiac tissue are accountable for the majority of deaths caused by the disease, and in-
clude dilated cardiomyopathy, mainly characterized by cardiac hypertrophy and ventricular dilation, which can in turn 
lead to heart failure. Recently, many studies aim to understand the mechanisms behind cardiac phenotype progression in 
MFS. One of the most promising tools in genetic disease modeling are human induced pluripotent stem cells (hiPSCs), 
which are highly proliferative and easily cultured and enable the generation of different adult cell types. Also, with gene 
editing methods developed recently, isogenic cell lines can be generated from a single original line, which can be useful 
in the study of monogenic diseases. Nonetheless, they have some limitations, including low fidelity in representing what 
really happens in a multicellular, tridimensional organism, and cell types differentiated from hiPSCs are still immature, 
which sometimes makes them a poor model for diseases in which phenotypes are expressed later in development, such 
as MFS. Aiming at compensating some of the limitations of iPSC-derived models, recent studies generated cardiac 
microtissue (MT) models, which mimetize heart structure and its existing cell interactions with greater precision than 
monotype, monolayered hiPSC cultures. Based on these studies, our main objective is to generate a hiPSC-derived 
microtissue model with mutations in the FBN1 gene, which might enable the study of MFS cardiac manifestations. In 
order to achieve this, we have four isogenic cell lines being used in the study: a wild type, which acts as control, and 
three other lines generated from CRISPR/Cas-9 gene editing method, which mimetize different genetic mechanisms 
that cause MFS. Each of them will be differentiated into the cell types most commonly expressed in the heart. Once the 
MTs of each cell line are assembled, our goal is to assess gene expression in each condition using RNA-seq and quan-
titative PCR, in order to observe differentially expressed genes or pathways between cell lines. From other works from 
our group, cardiomyocyte and endothelial differentiation have already been achieved, and one of our goals in this study 
was to develop a protocol for cardiac fibroblast differentiation. We have managed to successfully differentiate the cell 
lines into cardiac fibroblasts, as assessed by characterization assays such as flow cytometry and imunocytochemistry, in 
which it was possible to evaluate the presence or absence of expression of markers specific to that cell type. Next steps 
include combining all three cell types of each line to assemble the MTs, in order to continue the study. Though our study 
has not yet produced significant results, success in obtaining cardiac MTs could lead to important contributions to the 
study of MFS, and also provide a new model to aid in research of this disease. 
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ASSOCIATION OF VARIANTS IN B CELL COSTIMULATORY GENES  
WITH SUSCEPTIBILITY TO ENDEMIC PEMPHIGUS FOLIACEUS

Alexandre Souza Danko1; Fabiano Felix Goetten1; Danillo Gardenal Augusto2; Maria Luiza Petzl-erler3; Liana 
Alves de Oliveira4 
1Estudante. R. Konrad Adenauer, 442, Curitiba - PR. Centro Universitário Autônomo do Brasil Unibrasil, Escola de Saúde; 
2Assistant Professor. Carolina do Norte, EUA. The University of North Carolina at Charlotte, Department of Biological Sciences 
; 3Docente. Av. Cel. Francisco H. dos Santos, 100, Curitiba-PR. Universidade Federal do Paraná, Departamento de Genética ; 
4Docente. R. Konrad Adenauer, 442, Curitiba-PR. Centro Universitário Autônomo do Brasil Unibrasil, Escola de Saúde

Abstract: 
Endemic pemphigus foliaceus (EPF) is an autoimmune disease, occurring mainly in the Brazilian states Goiás, Mato 
Grosso do Sul, Mato Grosso, Tocantins, Minas Gerais, Paraná, São Paulo and Distrito Federal. It is characterized by the 
production of IgG autoantibodies that bind desmoglein 1, a desmosomal protein of epithelial cells, and by disruption of 
keratinocyte adhesion, resulting in intraepidermal blisters. Considering the relevance of B cells to antibody production 
and to EPF, this study aimed to analyze the possible association between single nucleotide polymorphisms (SNP) of 
the B cell costimulatory genes, TNFSF13B (BAFF), TNFRSF13C (BAFFR), TNFRSF17 (BCMA), TNFSF13 (APRIL) 
and TNFRSF13B (TACI) and differential susceptibility to EPF. BCMA, TACI and BAFFR are receptors for BAFF and 
APRIL, which are important for B cell activation and proliferation. The genotypes from 416 individuals, 223 EPF pa-
tients and 193 controls, were extracted from a previous microarray. Statistical analysis was performed using Plink, a 
genomic analysis software. We analyzed data from 55 SNPs of the five genes, including 2 kb upstream and downstream. 
Only SNPs with minor allele frequency (MAF) of at least 2% were selected for further analyses. MAF in the total sam-
ple and the patient and control groups, the Hardy-Weinberg equilibrium, as well as the association between EPF and 
each SNP were estimated. For association analysis, odds ratios (OR) were calculated and associations with P values be-
low 0.05 were considered significant. A total of 20 SNPs were analyzed, resulting in three variants associated to EPF, all 
in the APRIL gene, rs11552708, rs12940684 e rs3803800. The most significant association indicated a protective effect 
for the rs11552708*A (OR = 0.386, P = 0.0001563). Allele rs11552708*A was previously associated with lower APRIL 
levels, and the same variant was also associated with other autoimmune diseases, such as systemic lupus erythematosus 
and celiac disease. Conversely, the rs12940684 G allele and rs3803800 A allele were associated with increased suscepti-
bility to EPF (OR = 1.429, P = 0.01213, and OR = 1.34, P = 0.0485, respectively). The rs12940684 and rs3803800 SNPs 
were in linkage disequilibrium with rs11552708 (D’ of 0.93 and 0.85, respectively), but with very low r2 values (0.0656 
and 0.0384, respectively), indicating independent associations. However, after Bonferroni correction, only the associ-
ation of rs11552708 remained significant (Pc = 0.003126). We conclude that variability of the APRIL gene influences 
differential susceptibility to EPF. Further studies are needed to solidify these findings. 
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EPIGENETIC PROFILE ANALYSIS OF CHILDREN  
WITH NON-SYNDROMIC OROFACIAL CLEFTS
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Abstract: 
Non-syndromic clefts of the lip and/or palate (NSCL/P) are birth defects arising from environmental and genetic causes. 
To investigate the influence of global DNA methylation pattern, dietary profile and other gestation exposures in NSCL/P 
children. The combined bisulfite restriction analysis (COBRA) technique was performed for the 5-methylcytosines of 
LINE-1 regions as a biomarker for global genome methylation. Polymerase chain reaction was performed to analyze 
the specific methylation of BRCA1 promoter. Moreover, the mothers collaborated in answering a questionnaire about 
their exposure factors during pregnancy and their children’s dietary information. A statistical significant difference was 
found in mean LINE-1 methylation of 48% and 45.3% between control and cleft groups, respectively (p-value = 0.047). 
This epigenetic profile does not correlate with NSCL/P children’s age, cleft type, or dietary scores (p-value > 0.05). 
The BRCA1 promoter was methylated in 30.4% and 56.5% in control and cleft subjects, respectively, with no statistical 
difference between groups. The control group showed higher consumption of ultra-processed foods, refined wheat flour 
derivatives, processed vegetable fats, simple carbohydrates and sausages (p-value < 0.05), but there was no statistical 
difference between groups for other food categories. A low gestational programming rate was observed and consequent 
delay in beginning nutritional supplements intake which support proper embryo development. In addition, contraceptive 
use time prior to gestation was significantly higher for mothers in the cleft group (p-value = 0.036), and it was associated 
with a nearly two-fold increased risk for non-syndromic oral clefts (95% CI = 0.639 - 4.134). These findings corroborat-
ed with the hypothesis that DNA methylation could be the result of transgenerational epigenetic inheritance, and could 
have played a role in the oral cleft etiology together with other factors.
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GENOME-WIDE ASSOCIATION STUDY AND POLYGENIC RISK SCORE  
IN WOMEN WITH PTSD VICTIMS OF SEXUAL ASSAULT 

Amanda Victória Gomes Bugiga1,2,3; Vanessa Kiyomi Ota1,2; Adrielle Martins Oliveira1,2,4; Evelin Aline 
Zanardo5; Samar Nasser Chehimi6; Leslie Domenici Kulikowski5; Andrea Feijó Mello4; Marcelo Feijó de 
Mello4; Carolina Muniz Carvalho1,2,4; Sintia Iole Belangero1,2,3,4 
1. Laboratory of Integrative Neuroscience, Universidade Federal de São Paulo, Brazil; 2. Genetics Division, Department of 
Morphology and Genetics, Universidade Federal de São Paulo, Brazil; 3. Post-Graduation Program in Structural and Functional 
Biology, Universidade Federal de São Paulo, Brazil; 4. Post-Graduation Program in Psychiatry and Medical Psychology, 
Universidade Federal de São Paulo, Brazil; 5. Hospital das Clínicas, Faculty of Medicine, Citogenomic Laboratory, Universidade 
de São Paulo, Brazil ; 6. Center for Applied Genomics at Children?s Hospital of Philadelphia, Philadelphia, EUA

Abstract: 
Posttraumatic stress disorder (PTSD) is a clinical condition that can occur after exposure to traumatic events, such as 
sexual assault and combat. The etiology of PTSD is multifactorial, involving interactions between genetic and environ-
mental factors. Among the genetic factors, single nucleotide variants (SNVs) are the most commonly investigated. The 
aims of this project were to analyze SNVs on a large-scale approach and calculate the genetic risk to develop PTSD in 
a Brazilian sample of civilian women, victims of sexual assault. We evaluated 68 female victims of sexual assault with 
PTSD diagnosis (PTSD group) and 63 female healthy controls (HC group). Assessments were based on Mini Interna-
tional Neuropsychiatric Interview and DSM-V criteria. DNA was extracted from whole blood samples and genotyped 
with the Infinium Global Screening Array-24 v1.0 BeadChip (Illumina) which has approximately 640,000 markers. 
PLINK v.1.9 was used for quality control (QC) and to conduct genetic association analysis (GWAS), using logistic 
regression models adjusted to multiple comparisons and ten principals-component analysis. Next, we filter the top 100 
SNVs, in order to identify variants associated with PTSD and performed the pathway analysis on FUMA software. Fi-
nally, PRSice v2.0 was used to calculate the polygenic risk score (PRS) with the GWAS summary statistics of PTSD for 
Latin samples from the PGC (Psychiatric Genomics Consortium) as reference, and the ten principals-components were 
included as covariates to correct for population stratification. 468,719 SNVs were found in GWAS, however, no SNV 
was associated with PTSD diagnosis after correction for multiple comparisons (p>5x10-8) in this Brazilian cohort. When 
we investigated the top 100 SNVs, 14 SNVs were potentially associated with PTSD (p<5x10-5) and rs9323661, located 
on chromosome 14, was the most significant association (p=3.302x10-5). On pathway enrichment analysis, we found 
that these SNVs were located in genes involved in cell adhesion molecules and signaling receptor binding pathways 
(p-value Bonferroni= 0.1401). Regarding PRS, the p-threshold that best explained variance for PTSD phenotype was 
0.3335, with Nagelkerk’s R²=0.0352204, p=0.041 and 42.095 SNVs used to calculate this score. We found an effect of 
the groups on PRS (t= -2.70, p=0.008), with the PTSD group mean (-0.00747 +/- 3.68-4) higher compared to HC group 
mean (-0.00763 +/- 3.18-4). Few large-scale studies investigated the PTSD genome in civilians, especially considering 
women victims of sexual assault. Our findings were not statistically significant probably due to the small sample size, 
whereas GWAS requires a large sample size to detect genetic variants associated to mental disorders. Nevertheless, we 
found some SNVs potentially associated with PTSD that are related to a critical role in the immune system (HLA-B), as 
well as associated with Alcohol Dependence and Autism Spectrum Disorder (NRXN3). The PRS is an important tool to 
capture a substantial portion of the genetic contribution and to aggregate the effect of many variants for a better under-
standing of complex phenotypes such as PTSD. For future studies, it will be interesting to investigate a set of distinct 
symptoms, considering the heterogeneity of the PTSD. 
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Abstract: 
Transcribed ultraconserved regions (T-UCRs), and potential long non-coding RNAs produced from these regions, are 
being highlighted as important participants in cancer development. Lnc-uc.147 was evidenced in breast cancer, influenc-
ing cellular processes such as viability, apoptosis, and cell cycle. But the influence of this region on other tumor types 
was under-investigated. Thus, the objective of the present work was to study lnc-uc.147 in other tumor types and iden-
tify some of the mechanisms of regulation and action of this transcript. From TCGA public data, 20 tumor types were 
analyzed to verify a possible association with lnc-uc.147 expression. Deregulated lnc-uc.147 expression was associated 
with clinical features of hepatocellular, clear cell renal, and gastric adenocarcinoma. This study focused on hepatocel-
lular carcinoma (HCC), the most common subtype of liver cancer. For functional analysis, we silenced lnc-uc.147 in 
HepG2 cell lines and after permormed viability, clonogenic, proliferation, apoptosis, cell cycle, and migration assays. 
After silencing lnc-uc.147, we observed a decrease in cell viability and the ability to form colonies by the HepG2 cell 
line. No differences were observed in the migratory capacity, proliferation rate, and cell cycle dynamics of these cells. 
To investigate the mechanisms that regulates lnc-uc.147 expression, silencing of the transcription factor TEAD4 was 
also performed in breast (BT-474 and CAMA-1) and liver (HepG2) cancer cell lines. TEAD4 silencing decreased the 
expression of lnc-uc.147. Lnc-uc.147 silencing also altered the expression of MAB21L2, HNRNPD, G3BP2, DCLK2, 
uc.148, and uc.149, suggesting a potential regulation of this lncRNA in neighbor genes. Herein, we demonstrate that 
lnc-uc.147 also has an oncogenic role in liver cells. We also highlighted that the transcription factor TEAD4 can regulate 
this lncRNA. Moreover, we suggested that lnc-uc.147 can alter the expression of nearby genes, indicating a possible 
mechanism of action of this lncRNA. Our findings help in the understanding of T-UCRs, specifically lnc-uc.147, high-
lighting the importance of this molecule in cancer. 
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INVESTIGATION OF THE GENETIC BASIS OF ANXIETY DISORDERS  
AND DEPRESSION: AN OVERVIEW OF CANDIDATE GENES
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Abstract: 
Anxiety and major depressive disorders are the most common stress-related neuropsychiatric disorders affecting approx-
imately 10-15% of the human population. Epidemiological studies show that 40-50% of risk factors for both disorders 
can be linked to individual genetics, indicating that these are highly hereditary diseases. These disorders are highly co-
morbid with each other. Many risk factors for depression and anxiety are shared, including psychological, environmen-
tal, and genetic influences. The genetic etiology of anxiety disorders and depression has been investigated extensively 
but the causes of these disorders are not fully known. In this study, we use the analysis of several databases (PubMed/
Medline, GenBank, EMBL-EBI) to outline an overview of candidate genes associated with anxiety disorders and de-
pression. The databases analysis resulted in thirty-five candidate genes previous described. Based on neurobiological 
and psychology findings the most relevant traits associated simultaneously with both disorders were defined. Based on 
it, a correlation between them and the candidate genes was done. Among all results we highlight the genes NOTCH1, 
BDNF, FKBP5, SLC6A4, OXTR, COMT AVPR1B, SKA2 and MAOA. The genes NOTCH1, BDNF, FKBP5 are as-
sociated to the development of anxiety and depression in people exposed to early stress. The SLC6A4, OXTR, COMT 
allelic variants may contribute to increased individual risk for depression and anxiety in adverse psychosocial environ-
ments. The genes AVPR1B, SKA2 and its variants showed association with suicide risk. The MAOA gene polymor-
phisms affected the degradation of serotonin, noradrenaline, and dopamine. It was related with antisocial personality and 
conduct disorders, which are associated with anxiety disorders and depression. These data demonstrated the importance 
of associated neurobiological and genetic approaches to elucidate the genetic etiology of mental disorders, thus helping 
to generate measures that could predict risk, allow early diagnosis, and promote more effective treatment strategies.
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Abstract: 
Introduction: Colorectal cancer (CRC) is the third most common type of cancer, according to the World Health Organi-
zation. Genetic, epigenetic, and environmental factors play a major role in the pathogenesis of these cancers. Mutations 
in the BRAF, KRAS, and NRAS genes are associated with CCR, including the presence of microsatellite instability 
(MSI). They impact cellular functions, such as cell proliferation, apoptosis, differentiation, and invasion. The incidence 
of CCR varies between countries, and several factors can contribute to the increased risk of development of CCR, such 
as socioeconomic status, age, alcohol, and smoking consumption. Therefore, the identification of these biomarkers is 
essential for a better prognosis and treatment of CRC patients. Objective: Analyze the clinical-epidemiological and mo-
lecular profile of the BRAF, KRAS, and NRAS genes, and presence of MSI in patients with CRC, and the risk factors 
associated with this type of tumor. Material and Method: This study included 828 medical records of individuals with 
CRC from a teaching hospital in São José do Rio Preto- SP, in the period from January/2016 to December/2020. Age, 
gender, ethnicity, literacy level, smoking, alcoholic; BRAFV600E, KRAS, NRAS mutations; presence of MSI. The pri-
mary anatomic site, tumor staging, survival, metastases, recurrence-free time and treatment were analysed. In statistical 
analysis, Pearson’s Chi-square test, Binary Logistic Regression, Multiple Logistic Regression, and Kaplan-Meier were 
used. The value of p ≤ 0.05, was considered statistically significant. Results: Epidemiological analysis show that male 
gender (51,93%), white ethnicity (90,70%), low education (72,34%), smokers (73,79%) and non- alcoholic (79,10%) 
were more frequent. Clinical analyses showed that the rectum was the most affected primary site (42,14%), advanced tu-
mor stage (62,07%), and metastasis (64,61%). Treatment was performed in 91.54% of the individuals, and surgery was 
the most prevalent form of intervention (74.15%). Among the pacients included, for mutations in the BRAF (24.63%), 
KRAS (26.08%), NRAS (25.36%) genes, and for the presence of MSI (44.68%) were investigated, of which 2,94% 
showed to BRAF, 26,85% to KRAS, 4,76% to NRAS mutations, and 11,62% presence of MSI. There was an increased 
risk for the association between the NRAS gene mutation and alcohol consumption (p = 0.043); as well as the presence 
of MSI and the involvement of the primary site of the proximal colon (p<0,001), a risk reduction for the distal colon 
(p=0.001) and rectum (p=0.010). There were no statistically significant differences for the other groups and variables 
analyzed. Conclusion: Most individuals with colorectal câncer is male gender, aged over 64 years old, white, non-func-
tional illiterate, with smoker and non-alcoholic habits the most prevalent in this study. The rectum is the most affected 
primary site, and advanced tumor staging is the most frequent. Although the great importance of performing regular 
exams, most diagnoses occur at an advanced stage of the disease. The correct identification of pathways and molecular 
biomarkers involved in RCC can lead to a better prognosis for each patient.

Palavras-chave: Epidemiology; MAPK; Biomarkers; ; 

Support / Acknowledgment 
CAPES (Financial Code 001), CNPq (Process N.310987/2018-0)

56

GENÉTICA HUMANA, MÉDICA  
E FARMACOGENÉTICA



BACTERIAL DIVERSITY OF PENILE TUMORS USING 16S RRNA SEQUENCING:  
PRELIMINARY DATA 

Antonio Augusto Lima Teixeira Junior1,2; Rafael dos Santos Bezerra1; Raphael de Andrade Morraye1; Kelly 
Gomes Duarte1; Greice Andreotti de Molfetta1; Rodolfo Borges dos Reis1; Gyl Eanes Barros Silva2; Wilson 
Araújo Silva Jr1 
1Pesquisador. Ribeirão Preto. Laboratory of Molecular Genetics and Bioinformatics - Department of Genetics, Ribeirão Preto 
Medical School, University of São Paulo; 2Pesquisador. São Luís. Laboratory of Immunofluorescence and Electron Microscopy, 
University Hospital of the Federal University of Maranhão, São Luís, Brazil

Abstract: 
Penile cancer (PC) is a rare and aggressive disease, with a higher incidence in developing countries, mainly in Asia, 
Africa, and South America. Among Latin American countries, Brazil ranks first with 33.2% of total new cases in 2020, 
and the state of Maranhão has an incidence of 6.1 cases per 100,000 men, assumed to be the highest ever recorded glob-
ally. Previously studies performed in cohorts in the State of Maranhão reveal a high prevalence of patients with HPV 
infection, phimosis, poor genital hygiene, and the practice of zoophilia, all considered risk factors for PC. Therefore, 
the present study aimed to analyze the bacterial diversity of primary PC through the partial sequencing of the 16S rRNA 
gene in 14 patients with a clinical and anatomopathological PC diagnosis from three referral hospitals in Maranhão. 
The samples were microdissected and tumor DNA was extracted. HPV detection by nested-PCR (PGMY09/11 and 
GP5+/6+) and viral genotyping by direct sequencing. The library preparation and sequencing of the 16S rRNA gene 
amplicons, V3-V4 region, was performed by an outsourced service using the MiSeq platform (Illumina Inc.). The 
microbial profile was characterized using the DADA2 pipeline and the SILVA database as a reference. For bacterial 
abundance and diversity analysis, the Microbiome Analyst tool was used. The patients had a mean age of 55.3 ± 14.9 
years old. In general, they had phimosis (78.5%), risky sexual activity (57.1%), poor genital hygiene habits (54.5%), 
and low socio-educational level (71.4%). The lesions were located mainly on the glans and foreskin of the penis, with 
a size > 5.1 cm and ulcerated growth. On histology, most tumors were of the usual type (57.1%), poorly differentiated 
(100%), with angiolymphatic (76.9%) and perineural (78.5%) invasion. Most had pT3 primary tumor (71.4%), with 
stage III-IV (50.0%) and lymph node metastasis (100.0%). The presence of HPV was detected in 50.0% of the cases, 
mainly subtype 18. Regarding the microbiota data, the most abundant phyla in the samples were Proteobacteria, present 
in 52.0%, followed by Bacteroidota (25.0%) and Firmicutes (9.0% ). When evaluated at the gender level, Acinetobacter 
(29.0%), Alcaligenes (25.0%), Pseudomonas (11.0%) and Escherichia/Shigella (11.0%) were the most prevalent. Bacte-
ria belonging to the genus Acinetobacter have been associated with epithelial cell invasion processes in bladder, gastric 
and urinary tract infections. In a cohort of PC from São Paulo and Amazonas (unpublished data), the genus Alcaligenes 
was reported to be associated with lymph node metastasis in Pc patients. The study of the microbiota of several tumors 
has revealed the importance of microorganisms present in the genesis, progression, and therapeutic response. However, 
PC studies with this approach are lacking in the literature, and our study is one that is ongoing. Nonetheless, for a better 
interpretation of the results and comparative analysis, sequencing of healthy tissue samples from these patients is being 
performed. 
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Abstract: 
Geoffroea decorticans, popularly known as Chañar, is a native plant of Chile belonging to the Fabaceae. Its bark, flow-
ers, fruits and leaves are used in folk medicine for coughs, bronchopulmonary disorders and pain relief. However, there 
are few studies showing the importance of Chañar seed extracts. Then, the aim of this work was to evaluate the antioxi-
dant, phytochemical, and cytotoxic effect of Ethanol (EE) and Aqueous (EA) extracts obtained from Chañar seeds. The 
extracts were obtained using different solvents in polar order as followed: hexane, chloroform, ethanol (EE) , methanol, 
water and it was obtained one using just water (EA). It was used the proportion 1:10 from seeds:solvent. For this work it 
was used only EE and EA extracts. The phytochemical compounds was measured by total phenolic compounds and total 
flavonoids assays. The antioxidant activities were evaluated using five spectrophotometric assays: total antioxidant ca-
pacity (CAT), DPPH radical scavenging, reducing power, copper and iron chelation. In addition, the cytotoxicity effects 
were analysed by MTT assays. The results obtained showed that both extracts had total phenolic compounds, but the 
EE had almost twice the amount compared to EA. On the other hand, for total Flavonoids, the EA had three times more 
than EE. Considering, the presence of phenolic compound in these extracts, then it was analysed the antioxidant activi-
ties from the EE and EA It was verified that for the CAT assay both extracts showed antioxidant activity, where EE had 
a value from 117.13±15.22 mg EAA/mg and the EA had an activity of 83.127± 3.760 mg EAA/mg. Moreover, for the 
DPPH radical scavenging assay, it was observed that both extracts showed excellent activity, for example for EA it was 
observed a value above 70%, and for EE an activity of 100%. For the reducing power assay, it was observed an activity 
for EE and EA also had but a lower activity. In addition, the iron chelation assay it was identified only for EA showed, 
and for copper chelating, it was detected for both EE and EA. These five antioxidant assays showed the potential from 
these two extracts, then it was analysed if these extract may be cytotoxic. To evaluate it, then 3T3 cell lines were treated 
for 24 h with these extracts at different concentrations (100, 200 and 500 µg/mL) and it was measured by the MTT assay. 
The results obtained showed that both EE and EA were not cytotoxic. Thus, the results obtained may proposed that the 
EE and EA of Chañar seeds may be a possible source of bioactive compounds with antioxidant properties, which may be 
used as an alternative medicine source. And it is important to continuing research with these extracts to identify others 
biological and pharmacological activities.
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Abstract: 
Gastric cancer (GC) is one of the most frequent malignant neoplasms, being fifth worldwide regarding morbidity, and 
third regarding mortality. New genetic biomarkers related to molecular events involved in GC carcinogenesis must be 
developed and explored. Recently, emerging evidence has shown significant genetic effects of single nucleotide poly-
morphisms (SNPs) on the development and progression of GC, some of which could possibly become potential targets 
for therapeutic intervention. Several studies have investigated the influence of SNPs such as MUC1 (rs4072037), COX-
2 (rs533479217), and NQO1 (rs1800566) genes associated with GC susceptibility in various populations worldwide. 
However, little is known about the frequencies of these SNPs in samples from patients with a histopathological diag-
nosis of GC in Brazil. To evaluate the association of the gene SNPs MUC1 (rs4072037), COX-2 (rs533479217), and 
NQO1 (rs1800566) with GC susceptibility. This is a retrospective study that included a total of 102 paraffin-embedded 
tissue samples (more than 5 years of obtention) with histopathological diagnosis of gastric adenocarcinoma, with 204 
alleles for each studied SNP. For the control, biopsies from the same patients with non-cancerous tissues were used; an-
cestry analysis was not performed. For analysis, a recently developed genotyping method (Dideoxy Single Allele-Spe-
cific PCR) was used. Statistical analysis was performed with the Bioestat software (5.3), determining Hardy-Weinberg’s 
equilibrium for the genotypic frequencies (p-values < 0.05 were considered significant). MUC1 (rs4072037), COX-2 
(rs533479217) and NQO1 (rs1800566) SNPs were associated with GC in the analyzed samples (X2= 74.3/102/102, 
respectively), p<0.0001. MUC1 (rs4072037) (A>G) SNP genotypic distribution was: 34.31% G/G; 6.86% A/G and 
58.83% A/A. The polymorphic allele (G) frequency corresponds to 38% of the studied samples. NQO1 (rs1800566) 
SNP genotypic distribution was: 18.63% T/T [SER/SER]; 0% T/C [SER/PRO] and 81.37% C/C [PRO/PRO], the poly-
morphic allele (T) frequency corresponds to 19% of the studied samples. COX-2 (rs533479217) SNP genotypic distri-
bution was: 35.29% A/A [SER/SER]; 0% A/C [SER/ALA] and 64.71% C/C [ALA/ALA], the polymorphic allele (A) 
frequency corresponds to 35% of the studied samples. In all SNP’s analyzed there was loss of heterozygosity (LOH). 
When analyzing the association of COX-2 SNP genotypes (rs533479217) with the variables of sex, age, tumor location, 
and morphological pattern, our results suggested a statistically significant relationship only between genotypes and tu-
mor location (p=0.038). In conclusion, the SNPs MUC1 (rs4072037), COX-2 (rs533479217) and NQO1 (rs1800566) 
showed a significant loss of heterozygous alleles in the analyzed samples, generating a high LOH, therefore, they may 
be important risk factors for the development of GC in this sample. population studied. In this study, the polymorphisms 
analyzed showed a high LOH, highlighting the importance of future evaluations on the association of this factor with 
GC for the Brazilian population susceptible to this neoplasm, enabling the development of new therapeutic interventions 
for this disease in its initial stage.
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Abstract: 
Oral mucositis (OM) is a common side effect of anticancer treatment and is characterized by an inflammatory condition 
that affects areas such as the mucosa of the lips, tongue, floor of the mouth, and soft palate. In severe cases (Severe 
Oral Mucositis - SOM), the reddened areas can quickly progress into painful and bloody ulcers that significantly affect 
the quality of life of cancer patients and the prognosis of treatment. The main mechanism responsible for the patho-
physiology of chemoinduced OM is the cytotoxic effect of antineoplastic drugs. In turn, methotrexate (MTX), which 
is widely used in the treatment of hematological tumors, causes stomatotoxicity, causing adverse effects even at low 
doses. Studies show that an individual’s genetics have an impact on the development of oral mucositis. In the present 
study, the association between single nucleotide polymorphisms (SNPs) MTHFR (rs1801131), DNMT1 (rs2228611), 
DNMT3A (rs7590760), and DNMT3B (rs6087990) and the occurrence and severity of chemoinduced oral mucositis in 
oncopediatric patients with hematological cancer undergoing chemotherapy with methotrexate was investigated. This 
study focused on these genes because MTHFR and DNMT genes are involved in the mechanisms of DNA methylation, 
and this, in turn, is a mechanism for controlling gene expression. Thus, polymorphisms in these genes can impact gene 
expression and contribute to oral mucositis. A cross-sectional study was carried out with 102 patients (5 to 19 years old) 
of both sexes with leukemias or lymphomas from Hospital Napoleão Laureano (João Pessoa/PB), using the modified 
Oral Assessment Guide (OAG) for classification and characterization of OM. To avoid possible confounding factors, 
patients were chosen at random. Only those who had dental follow-up at the hospital were included in the present study, 
who underwent only chemotherapy protocols with MTX or surgery and chemotherapy, and patients undergoing radio-
therapy were not admitted; patients with oral inflammatory conditions before antineoplastic treatment were also not 
selected. Demographic, clinical, and hematological data were collected from medical and dental records. DNA was pu-
rified from oral mucosal epithelial cells collected by mouthwash and genotypes were determined by PCR-RFLP (Poly-
merase Chain Reaction-Restriction Fragment Length Polymorphism) technique. Descriptive and inferential statistical 
analysis was performed using Fisher’s Exact, Chi-square, and Hard-Weinberg Equilibrium tests (p < 0.05). The mean 
age of the population was 10.3 years (±4.7), with a predominance of males (57.8%). Acute lymphoblastic leukemia was 
the most common disease, accounting for 74.5% of patients. Of the total of 102 patients, 84.3% developed OM, of which 
53.1% developed SOM. There was no association between the polymorphisms studied and the incidence or severity of 
chemoinduced oral mucositis (p > 0.05), but a trend towards a higher frequency of the G allele for the DNMT3A SNP 
(rs7590760) in the group without oral mucositis (p= 0,06) was observed, suggesting possible protection of this allele 
against the development of OM.
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Abstract: 
Individuals with Down syndrome are susceptible to developing early-onset Alzheimer’s disease due to the production 
and exacerbated accumulation of beta-amyloid peptides. The chaperones and co-chaperones are involved in the preven-
tion and degradation of protein aggregates. Particularly, the co-chaperones DNAJC7 and DNAJB12 act in regulating the 
chaperones heat shock proteins (HSP), however still is not fully understood the impact of trisomy 21 on gene expression 
profile and protein interaction network associated co-chaperones. In this study, we investigated in silico the gene expres-
sion profile of DNAJB12 and DNAJC7, protein-protein interaction (PPI) and signaling pathways these co-chaperones. 
Raw gene expression profile of GSE5390 (samples of adult human postmortem brain tissue) from healthy controls and 
Down syndrome (DS) were selected and downloaded from the Gene Expression Omnibus (GEO). The identification 
of differentially expressed genes (DEGs) was evaluated by GEO2R and boxplot. DEGs included in this study were 
the DNAJB12 (p < 0.014) and DNAJC7 (p <0.007) co-chaperones. Next, the construction and obtain information on 
PPI network was performed in STRING database version 11.5, settings according to the level of highest confidence 
(0.900) and maximum number of 50 interactions with statistical significance of P-value <0.05. For obtain information 
about biological process and triggers associated with co-chaperones we used Gene Ontology (GO) and Encyclopedia 
of Genes and Genomes (KEGG) Pathways. Results showed difference significance on connectivity in the PPI network 
with module network contained 67 nodes, 391 edges (DNAJC7, p < 0.008), 52 nodes, and 160 edges (DNAJB12, p < 
0.015). DNAJC7 have higher connectivity in the network, indicating to be a hub protein. In the functional module we 
identified an interaction with HSP70 family proteins such as HSPA1L, HSPA2, HSPA6, HSPA8 (cytosolic and nucle-
ar localization), HSPA9 (mitochondrial) and HSPA5 (endoplasmic reticulum compartments). DNAJB12 had a single 
interaction with HSPA8. GO function enrichment results showed significance in biological process related to cellular 
response to unfolded protein (p<0.0001) and endoplasmic reticulum unfolded protein response (p<0.0001); molecular 
function for unfolded protein binding (p<0.0001); and cellular component including chaperone complex (p<0.0001), 
nuclear envelope (p<0.040), cytosol (p<0.0001), endoplasmic reticulum (p<0.005) and cytoplasm (p<0.0001). KEGG 
enrichment result showed one signaling pathways involving DNAJB12 in the protein processing in endoplasmic retic-
ulum (p<0.001). Finally, results showed that DNAJB12 and DNAJC7 co-chaperones play a peculiar role in interaction 
with hub proteins, signaling pathways integrated the proteostasis network and several key biological processes. More-
over, downregulation DNAJB12 and DNAJC7 genes in transcriptome of brain samples from individuals DS observed 
in this study, indicates that there may be a risk of impairment in the functional activity of several chaperones that are 
co-regulated by these co-chaperones, favoring a deregulation in response to the mechanisms related to the accumulation 
and abnormal aggregation of cellular proteins.

Palavras-chave: Down syndrome; Alzheimer disease; Molecular chaperones; Proteostasis; Transcriptome

Support / Acknowledgment 
CNPq (310806/2018-6), PIBIC/CNPQ (2021-2022), CAPES (001), FAMERP (FUNFARME)

61

GENÉTICA HUMANA, MÉDICA  
E FARMACOGENÉTICA



IN SILICO AND IN VITRO ANALYSIS OF ACRIFLAVINE AS AN INHIBITORY 
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Abstract: 
Hypoxic microenvironment in tumors leads to the activation of the genes that promote tumor angiogenesis, mesen-
chymal-epithelial transition, cell invasion, and metastasis. It has been considered as a prognostic-related factor to the 
progression and aggressiveness of head and neck cancer. Hypoxia-Inducible Factor (HIF) is the crucial gene activated 
by hypoxia, and it is associated with tumor development. Acriflavine is a compound that can prevent the dimerization 
process between HIF subunits, preventing their activation. The objective of this study was to analyze HIF inhibition as 
a therapeutic strategy to prevent tumor development and aggressiveness in head and neck cancer. Methods: Protein data 
bank - PBD and the ZINC15 database were used to obtain the molecular protein structures of HIF1A and HIF2A, and 
Acriflavine ligand molecular structure (ZINC3775641), respectively. Molecular Docking was performed to evaluate 
the compound-ligand interaction. Cytotoxicity and cell viability assays were performed in HN13 cell lines to assess the 
Acriflavine IC50 values and calculated using GraphPad Prism software. qPCR was performed to evaluate HIF1-A and 
HIF2-A expression in HN13 cell lines treated with 3,4 µM of Acriflavine. Results: In silico evaluation between Acrifla-
vine and proteins HIF1-A and HIF2-A showed binding energy of -5.8 kcal/mol and -6.3 kcal/mol, respectively. HIF1A 
and HIF2A were down-regulated in HN13 cells treated with Acriflavine in normoxia RQ=0.14, RQ=0.12, and hypoxia, 
RQ=0.81, and RQ=0.6, respectively, with RQ=1 control. Conclusion: Acriflavine shows effective inhibition in HIF1-A 
and HIF2-A gene expression, and it can be considered a therapy strategy against head and neck cancer.
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Abstract: 
Breast cancer is the most frequent and second leading cause of death among women worldwide. Its etiology is multi-
factorial and includes extrinsic, genetic, and epigenetic factors. It can be classified at histological and immunohisto-
chemical levels, assisting clinicians to define the prognosis and treatment. Liquid biopsy is a method that may help in 
the diagnosis, in the identification of disease progression (prognostic value), and in the selection of therapies (predictive 
value). MiRNAs are small non-coding RNAs, stable in body fluids, expressed at all stages of carcinogenesis, that can 
discriminate breast cancer patients from healthy individuals. The present work aimed to evaluate the miR-145 expres-
sion profile in tumor tissue and blood samples of breast cancer patients in Pará population. For this purpose, 196 tumor 
and peripheral blood samples from breast ductal carcinoma patients were used. The miRNAs were isolated, converted 
to cDNA, and subjected to real-time quantitative PCR. The obtained data was analyzed in Python, using open source 
libraries such as Pandas and Seaborn. All procedures were approved by the Ethics Committee on Human Research 
of The Ophir Loyola Hospital, (protocol 2.798.611/2018). The results show a miR-145 down-regulated expression in 
breast cancer patients in both tumor and plasma samples. Regarding the molecular subtypes, in tumor samples, the tri-
ple-negative subtype presented the highest expression level, differing from the observed in the other subtypes. On the 
other hand, in plasma samples, Luminal B, triple-negative, and Luminal B-HER2+ subtypes showed the highest miR-
145 expression. These findings suggest that miR-145 expression may potentially be a diagnostic marker in breast cancer, 
including liquid biopsy
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Abstract: 
MicroRNAs (miRNAs) act as important regulators of post-transcriptional gene expression. They can indicate the pro-
gression of various diseases and can be measured in the blood of patients. In this work, we explored the miRNAs role as 
biomarkers for gastric cancer (GC). For this, we sequenced miRNAs in GC tissue samples and cancer-free endoscopy 
samples. We selected 4 miRNAs and performed tissue and serum validation in a larger sample. We sequenced 17 GC 
tissue samples and 7 cancer-free endoscopy tissue samples. Bioinformatics analyzes were performed for the detection 
of differentially expressed (DE) miRNAs. DE MiRNAs were associated with digestive system neoplasia and neoplasm 
metastasis was the phenotype most associated with DE miRNAs. Bioinformatics data from sequencing revealed 49 
known DE miRNAs and 5 novel miRNAs. 44 miRNAs were overexpressed and 10 with reduced expression. 3 DE 
miRNAs were selected and validated using RT-qPCR in 88 GC tissue samples and 88 adjacent to cancer paired samples 
(N=176). After tissue validation, miRNAs were also validated in 50 pre-gastrectomy and 21 post-gastrectomy serum 
samples. Follow-up for up to 5 years was performed in a group of 21 patients (N=71). Mir-21-5p, MiR-124-3p and miR-
138-5p were selected and validated in tissue samples and in pre- and post-gastrectomy patient serum samples. So far, 
we can conclude that there are 54 DE miRNAs in GC tissue samples when compared to cancer-free endoscopy tissue 
samples. As expected, the most associated pathway with these miRNAs were the digestive system neoplasms. Also, we 
found that there are many common mRNA targets among the DE miRNAs, including PTEN (Phosphatase and Tensin 
homolog), indicating that this may be a key regulator of the tumorigenesis process in this cohort. 
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Abstract: 
Vitiligo (VT) is a skin depigmentation disease caused by the death of melanocytes, in which several processes are in-
volved, including: oxidative stress, CD8+ T cell-mediated autoimmunity, activation of inflammatory mediators, genetic 
predisposition, cell detachment, and metabolic abnormalities. These mechanisms are regulated by miRNAs, a type of 
small non-coding RNAs that control the gene expression at the post-transcriptional level, so that many studies suggest 
that miRNAs play an important role in VT development. However, the functional role of miRNAs in the VT patho-
physiology is still not well understood. Thus, to understand the role of miRNAs in vitiligo pathophysiology, miRNAs 
from experimentally validated studies (EVS) were selected and their target genes were obtained for functional analysis, 
in order to identify the biological pathways that can regulate via miRNA/mRNA-target interaction. The miRNAs were 
selected from experimentally validated studies (EVS) deposited in PubMed, BioMedCentral and Google Scholar data-
bases. The inclusion criteria of EVS followed: studies that evaluate the differential expression of miRNAs in VT; and 
studies based on experimental validations (e.g., RT-qPCR, cell assay and/or luciferase reporter). For the identification of 
target genes of the differentially expressed miRNAs, we used the miRTargetLink 2.0 tool, which uses information from 
the miRTarBase 7.0 database. The STRING v.11.0 tool was used for gene enrichment of target genes in KEGG and Re-
actome pathways and Gene Ontology (GO) databases. The data were plotted in graphs using the R software (v.4.1). We 
showed that twenty studies identified 43 differentially expressed miRNAs (12 downregulated and 31 upregulated) that 
can regulate 1021 target genes. The functional analysis revealed that several target genes of VT- related miRNAs were 
enriched, which are mainly involved in: (i) immune response, with activation and differentiation of T cells into CD8+ 
T, identified in Reactome pathway, and differentiation into subpopulations of CD4+ T cell such as Th1, Th2 and Th17, 
identified in KEGG pathway; (ii) Activation of NF-kappa B-mediated inflammation, in KEGG database; and (iii) Apop-
tosis, through the FasL/CD95L signaling. In addition, the identification of biological processes from GO enrichment 
analysis showed similar vias to those previously aforementioned: T cell differentiation [36 genes; GO:0030217], T cell 
receptor signaling [24 genes; GO:0050852], T cell activation involved in immune response [15 genes; GO:0002286], 
T cell co-stimulation [14 genes; GO:0031295], T cell apoptotic process [8 genes; GO:0070231], migration [9 genes; 
GO:0072678], proliferation [9 genes; GO:0042098] and activation [GO:0042110], and melanocyte differentiation [5 
genes; GO:0030318]. Interestingly, some of these genes structurally integrate the ATP-binding cassette (ABC) trans-
porters [154 genes; GO:0005524], of which the ABCB1 and ABCG2 genes are part and are responsible for chemo-
therapeutic drugs efflux in melanoma cells. These transporters are expressed in epidermal cells and are associated with 
the variable response to topical corticosteroid drugs in VT treatment. Our results demonstrated new findings in which 
miRNAs regulate key mechanisms related to VT pathophysiology, especially the immune response, inflammation, apop-
tosis and melanocyte differentiation. Moreover, many of these miRNAs may be associated to response to the VT topical 
treatment by the ABC transporters control, and may be potential therapeutic targets.
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Abstract: 
Idiopathic Parkinson’s disease (iPD) is a complex neurodegenerative disease characterized by the progressive death of 
dopaminergic neurons in the substantia nigra. Due to the key role of mitochondria in regulating cell survival and death, 
variants in mitochondrial DNA (mtDNA) that lead to mitochondrial dysfunction contribute to the susceptibility and pro-
gression of the disease. The variant m.10398A>G (A10398G in the MT-ND3 gene of complex I) have been associated 
with reduced risk of iPD in European populations, however, this variant presented a neutral effect in Asian populations, 
which suggests that its effect may be population-specific. In Brazil, there is a lack of studies on mtDNA variants related 
to iPD, Thus, there are limitations on the knowledge of the genetic basis of iPD in Brazil, a highly admixed popula-
tion (with a notable genomic contribution of European populations), especially in the North region. This study aimed 
to investigate the association of the mitochondrial variant A10398G and its heteroplasmy levels with susceptibility to 
iPD and the onset of levodopa-induced dyskinesia (LID) in individuals from the North region of Brazil. For total DNA 
extraction, we collected blood samples from 44 patients with iPD subdivided into: (i) 19 with LID and (ii) 25 without 
LID; and 40 age-matched healthy individuals composed the control group. The mtDNA fragment corresponding to the 
analyzed variant was amplified by PCR using a specific pair of primers. The association of the A10398G and its het-
eroplasmy levels with susceptibility to iPD and the onset of LID was evaluated using a multivariate logistic regression 
(adjusted for the age at onset of iPD), performed in R v. 4.1.2, considering P ≤ 0.05 as statistically significant. In our 
analyses, the frequency of allele 10398A was significantly increased in patients compared to controls (P = 0.001; OR 
= 3.840; 95%CI = 1.728-9.360), while the 10398G was associated with reduced risk for iPD (P = 0.001; OR = 0.260; 
95%CI = 0.106-0.578). In addition, the control group presented a significant increase in heteroplasmy levels compared 
to iPD patients (P = 0.002; OR = 0.253; 95%CI = 0.101-0.574). However, the marker showed no significant association 
with LID (P = 0.268; OR = 1.689; 95%CI = 0.679-4.340). Our results suggest that the variant A10398G in the MT-ND3 
gene has a protective effect for iPD among Brazilians from the North region, corroborating the findings in European 
populations. 
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Abstract: 
Alzheimer’s disease (AD) is the most common neurodegenerative disease, affecting nearly 10 million people worldwide. 
It is defined by abnormal extracellular deposition of β-amyloid and tau-containing neurofibrillary tangles, followed by 
the progressive neuronal death. Characterizing the messenger RNA (mRNA) and gene expression related to AD pro-
vides a better understanding of its pathophysiological processes. We aimed to investigate the mRNA expression patterns 
associated with neurodegenerative pathways in AD. Clinical and biological data were obtained from the RNA Disease 
Repository (MNDR, http://www.rna-society.org/mndr/). The STRING tool was used for gene enrichment in Gene On-
tology (GO) and KEGG pathways database, and the p-values were adjusted by Benjamini-Hochberg correction. All 
analyses were conducted in R v.4.2.1. Using this approach, we identified 133 genes in GO and 73 in the KEGG pathway 
related to the development of AD. The functional analysis revealed that these genes are involved in positive regulation 
of kinase activity, mainly through the: (i) MAPK signaling pathway (GO:0033674, P-adj = 2.619492e-07; hsa04010, 
P-adj = 4.547884e-03); (ii) regulation of neuron cell death (GO:1901214, P-adj = 7.859067e-05), of which necropto-
sis stood out in KEGG (hsa04217, P-adj = 1.368805e-02) and apoptosis in GO (GO:0051402, P-adj = 1.652304e-03), 
through pathways regulated by FAS, TNFR and BCL2; and (iii) regulatory pathways of immune response, such as the 
cytokine-mediated signaling pathway through the activation of NLRC4, NLRP12 and TLR5 (GO:0019221, P-adj = 
4.170734e-05), and the T-cell receptor signaling pathway by the CD4 and CD3 genes (hsa04660, P-adj = 2.310956e-03). 
Surprisingly, the KEGG pathway identified inflammatory pathways related to infections such as salmonella (hsa05132, 
P-adj = 6.699959e-05), HIV1 (hsa05170, P-adj = 1.046261e-04) and measles (hsa05162, P-adj = 1.465524e-03), but 
these infections are related to genes responsible for the activation of inflammation, such as TLR2, and cell death path-
ways, including FAS and BCL-2. Our results suggest that, in addition to the traditional pathological mechanisms of AD, 
the activation of immune responses, neuroinflammatory processes and the activation of regulated forms of cell death, 
like necroptosis and apoptosis, are closely related to the pathophysiology of AD. 
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Abstract: 
In a recent work we showed that pigmentation traits predicted by the HIrisPlex-S system were strongly associated with 
sun exposure and protection behaviour in young participants of the Avon Longitudinal Study of Parents and Children 
(ALSPAC) from Southwest England. Based on these findings we decided to investigate whether there was also evidence 
of an association between genetically-predicted pigmentation and phenotypes that are affected by an individual’s degree 
of sun exposure. The aim of this study was to explore the relationship of HIrisPlex-S pigmentation predictions with se-
rum vitamin D, calcium, folate and parathyroid hormone (PTH) levels, as well as with bone mineral density and content, 
in ALSPAC mothers and children at different stages of their participation in the cohort. HIrisPlex-S probabilities of skin, 
hair and eye colour for ~7800 mothers and ~8500 children were estimated using a dedicated website (https://hirisplex.
erasmusmc.nl/), and used as independent variables in linear and logistic regression models. Statistical models were 
adjusted for potential confounders such as age, sex and population stratification. All analyses were carried out with the 
package Stata v.17. We found a positive association of the probability of having pale (beta = 3.96 ng/ml, 95% CI 0.05, 
7.88) or very pale skin (beta = 13.91 ng/ml, 95% CI 7.34, 20.48), and red hair (beta = 4.63 ng/ml, 95% CI 0.84,8.42) 
with circulating vitamin D. Conversely, an inverse association was detected between the probability of having inter-
mediate skin and serum vitamin D (beta = -5.80 ng/ml, 95% CI -9.05, -2.55). In addition, we uncovered an association 
between PTH levels and genetically-determined hair (dark hair beta = 0.28 pg/ml, 95% CI 0.01, 0.55) and eye colour 
(blue eyes beta = -0.20 pg/ml, 95% CI -0.37, -0.02). We did not find evidence of association of genetically-predicted 
pigmentation traits with calcium and folate blood concentrations or bone-related outcomes. In this study, we confirmed 
the link of pigmentation and sun exposure with serum vitamin D, and identified an association of these exposures with 
circulating PTH, which is inversely related to vitamin D. The absence of association with the other outcomes tested 
suggests a lack of or a limited effect of sun exposure behaviour on them, although further investigation is warranted.
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Abstract: 
Breast cancer (BC) is the most common type of cancer among women in Brazil. According to the National Cancer In-
stitute (INCA) there are an estimated 66,800 new cases of the disease in the 2020-2022 biennium. Among BC classifi-
cation essentially mRNA expression data are used. However, only a small portion of our genome corresponds to protein 
coding RNAs, the majority being formed by non-coding RNAs (ncRNAs). The ncRNAs can be divided into two groups 
according to their size, and the long RNAs (lncRNAs) are characterized by having more than 200 nucleotides in their 
transcript. LncRNAs act at different levels of gene expression regulation. Nucleotide changes and the expression of 
genetic alterations may be increasingly being studied in complex disease sequences, including cancer genetic sequence 
diseases. Data integrative approaches are of great importance to evidence new ncRNAs with a biological role in breast 
cancer. In this sense, the present work aimed to evaluate data on single nucleotide polymorphisms (SNPs) in lncRNA’s 
sequence and to integrate with gene expression data of the same lncRNAs. Data from SNPs deposited in the GWAS 
Catalog database generated by Michailidou et al., 2017 were retrieved; and after mapping the regions corresponding to 
lncRNAs, the lncRNAs-SNPs were intersected with data of lncRNAs differentially expressed in breast cancer tumor 
tissue samples deposited in The Cancer Genome Atlas database. Based on this data integration analysis, we choose 4 
SNPs in 3 different lncRNAs: rs3803662 (CASC16), rs4784227 (CASC16), rs7716600 (AC093297.2) and rs4415084 
(LINC02224) and a case-control study was performed using 306 BC samples and 312 controls from Brazilian popu-
lation. According to our analysis, three lncRNA-SNPs are associated with hormone receptor status and highlight the 
potential effect oh these polymorphisms in the outcome in Brazilian breast cancer patients. We found association of 
recessive model of the genotypes (CC/CT) from rs4415084 with positivity of progesterone receptor. This is considered 
to be a good prognosis marker since there is available therapy for hormone-positive BC cases. The lncRNAs-SNPs 
rs4784227 and rs3803662 are both located on CASC16 and according to genome data there at linkage disequilibrium 
(LD) being rs3803662 considered to be the Tag SNP. We found a significant result for the haplotype AT and negative 
estrogen receptor status; this result can indicate a poor prognosis marker. Regarding AC093297.2 rs771600, we did not 
find an association of this lncRNA-SNP with BC susceptibility or protection in all tested models. Our results highlight 
the application of an integration data analysis in the search for new lncRNAs-SNPs with potential role in breast cancer 
and other complex diseases.
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Abstract: 
Since its beginning in 2020, the pandemic caused by the new coronavirus (SARS-CoV-2) has generated many discus-
sions about the importance of analyzing the behavior of its variants around the globe. Brazil is the third country in the 
world with the highest number of cases, and it has a significant number of SARS-CoV-2 variants and strains. Thus, 
numerous researches have been developed over the last two years, especially after VOCs (Variants of Concern) began 
to dominate a greater number of cases and worsen the clinical manifestations of patients. In this scenario, the main ob-
jective of this study was to investigate and characterize the SARS-CoV-2 genome, in order to identify virus variants that 
are associated with the risks of worsening COVID-19, especially in patients from the North region of Brazil. To achieve 
this goal, 421 samples, both saliva and swab, were analyzed and underwent by automated extraction (Maxwell 16 Sys-
tem) with appropriate kits (Maxwell® 16 Viral Total Nucleic Acid Purification Kit) to isolate the viral genetic material 
and subsequently perform RT-PCR, in order to confirm the infection by the novel coronavirus. After these phases, the 
samples were led to the sequencing (Illumina COVIDSeq Test). Moreover, 33 SARS-CoV-2 strains were identified, and 
clinical manifestations of COVID-19 in 320 patients were mild/asymptomatic, while 101 were severe. In the analysis 
of the prevalence of the variants over the months of the project, in 2021, the most prevalent variant was VOC Gamma 
(P.1), followed by B.1.1 and B.617.2 (VOC Delta), while in 2022, the B.1.1 variant has stood out in the sequencing 
performed. Statistical analyzes were performed using the RStudio program, where the Shapiro-Wilk test was first run to 
verify the distribution of the samples, with a p-value of 0.07845, which demonstrates normality. As well as the absence 
of correlation between age vs clinical status (Student’s T test), and sex vs clinical status (Chi-square test - p=0.3758). 
As expected, it was observed that among patients with milder or asymptomatic clinical conditions, the VOC Gamma 
was predominant, representing 31.2% of the cases. On the other hand, in those patients with more severe conditions, 
the B.1.1 lineage represented 70.3% of the cases, while P.1 presented 18.7%. Based on these data, it was possible to 
observe that different variants spread in the North region at different times of the pandemic, and that the B.1.1 lineage, 
although not a VOC, represented the highest rate of severe cases in the region. Therefore, it is concluded that genomic 
surveillance is important for understanding the adaptive mechanisms and temporal dispersion of SARS-CoV-2 in differ-
ent regions of the country, such as the North region, in addition to correlating those with greater clinical impact.
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Abstract: 
COVID-19 is recognized as a systemic inflammatory disease, caused by SARS-CoV-2 virus. This infection presents 
mild and severe symptoms and the patient may progress to Severe Acute Respiratory Syndrome. This infection has be-
come a serious problem to human health, and understanding the host response against SARS-CoV-2 virus and how bio-
logical pathways are activated or suppressed, may help in understanding in different outcomes in the severity of patients 
affected by the virus. Thus, we investigated the transcriptome of severely affected patients and compared to patients who 
have developed mild and asymptomatic clinical forms in order to discover which genes and pathways are deregulated 
according with the severity of the disease. Firstly, we sequenced the total transcriptome of 48 samples (nasopharyngeal 
swab and saliva) from patients with different levels of severity (severe n=16; mild n=16 and asymptomatic n=16). Then, 
raw data was aligned to hg38, gene expression was counted using Ht-Seq and differential expression between groups 
was performed using DESeq2. Afterwards, to understand in which biological pathways these genes are involved, we 
performed a functional enrichment analysis on the upregulated genes using the “Biological Processes” of the Gene 
Ontology (GO) and Reactome databases. The data were analyzed and plotted in graphs using the R software (v.4.1.2). 
We obtained a total of 47 differentially expressed genes (DEG, adjusted p-value<0.05 and |log2FoldChange|≥0.5) with 
46 upregulated and 1 downregulated. The main upregulated genes (HBG1, HBG2, HBB, HBA1, HBA2) enriched in GO 
and Reactome pathways related to hemostatic system such as oxygen transport, cellular response to toxic substance, 
O2/CO2 exchange in erythrocytes, HEME signaling, cytoprotection by HMOX1, cellular response to chemical stress, 
factors involved in megakaryocyte development and platelet production and reactive oxygen species metabolic process. 
Interestingly, these five genes play a role in hemostasis and are involved in pathways of oxygen transport from the lung 
to several peripheral tissues, in platelet production and contribution to haptoglobin binding. This shows us that besides 
the immune system, there is a structured activation of the hemostatic system in severely affected patients acting as a 
probable host defense mechanism in the presence of the vírus. In brief, our results showed that among all DEG, five up-
regulated genes (HBG1, HBG2, HBB, HBA1, HBA2) in patients with the severe form of SARS-CoV-2 infection enriched 
in pathways related to the hemostatic system. These genes act in pathways that seem to be relevant in a scenario of viral 
infection, since the inflammation triggered compromised the hemostasis of patients with COVID-19. Thus, our data 
reinforce the findings in the literature that alterations in hemostasis have been considered as a marker of disease severity.
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Abstract: 
Introduction: Premature ovarian failure is characterized by the cessation of ovarian activity in women of childbearing 
age, before the age of 40 years. Its main clinical manifestations are disorders of the menstrual cycle, involving oligo-
menorrhea or amenorrhea. The etiology is highly heterogeneous, among them the genetic and immunological factors. 
In addition, this disease may be associated with other conditions such as Vogt-Koyanagi-Harada syndrome. Vogt-Koy-
anagi-Harada syndrome is a rare multisystem autoimmune disease that affects tissues containing melanin, including the 
eye, inner ear, meninges, and skin. Although its cause remains unknown, it is believed that immunological factors play 
a role in the autoimmune process, mediated by T cells directed against melanocytes, as well as genetic factors also play 
an important role in the loss of self-tolerance. Objective: to report a case of a patient with premature ovarian failure 
associated with Vogt-Koyanagi-Harada syndrome, based on clinical correlations. Methodology: Analysis of clinical 
parameters collected and recorded in medical records during medical care at the Araújo Lima outpatient clinic of the 
Hospital Universitário Getúlio Vargas HUGV, Manaus-AM. Results: this is a case report of a female patient, 40 years 
old, brunette, born in Manaus, Amazonas, treated at the Araújo Lima outpatient clinic in the climacteric sector in the 
gynecology and mastology team of the HUGV. In her consultation, she reported secondary amenorrhea and sporadic 
hot flashes, irritability and continuous pelvic pain. After evaluating the anamnesis, physical examination and requested 
laboratory tests, she was diagnosed at age 30 with premature ovarian failure. This patient has a family history with her 
mother diagnosed with premature ovarian failure at age 35. In a rheumatology consultation she reported a holocranial 
heaviness headache associated with light scotoma nausea, photophobia, ocular pain, progressive decrease in bilateral 
visual acuity and conjunctival hyperemia. After complementary eye exams she was also diagnosed with Vogt-Koyan-
agi-Harada syndrome. The patient uses the drugs azathioprine, pregabalin, duloxetine, calcium carbonate + vitamin D 
and natifa pro (hormone replacement). She is still under medical follow-up with a gynecologist, rheumatologist, oph-
thalmologist and neurologist, providing a better quality of life. Discussion: The present case emphasizes the importance 
of performing an accurate diagnosis in a patient with two rare syndromes. These syndromes require the active and in-
terdisciplinary participation of different medical specialties in order to improve the prognosis and avoid sequelae in the 
physical and mental health of the patient. The association of these two syndromes is not yet described in the literature. 
Conclusion: Therefore, this report is important in providing information on the association of two rare syndromes to the 
scientific community, aiming to contribute to medical decision-making in the diagnostic elucidation of the same, and to 
direct a multidisciplinary follow-up. Thus, the diagnosis represents a fundamental milestone for the health promotion 
of this patient. 
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Abstract: 
The X-Chromosome Inactivation (XCI) is an important dosage compensation mechanism that occurs in mammalian fe-
male cells equalizing X-linked gene expression between XX females and XY males. It begins at early stages of embryo 
development and consists of the silencing of one of the X chromosomes through several epigenetic processes, such as 
the XIST gene, which is expressed by the inactive X (Xi) and produces a lncRNA that coats the Xi, impeding its genes 
from being expressed. The Xi remains the same throughout every cell division after the first inactivation, maintained 
by chromatin modifications and other epigenetic mechanisms that are not yet well known. In previous studies, our lab 
used shRNAs libraries to identify genes involved in the maintenance of the XCI process, coming to a list of over 20 
candidates. Objectives: In the present work, we aim to perform the knockdown of some of these candidates in human 
fibroblasts and evaluate the effects these knockdowns have in other X-linked genes, therefore understanding if these 
genes are indeed of great importance to the maintenance of the XCI. These genes were chosen according to their func-
tions described in the literature. Methods: we have performed the knockdown of 5 candidate genes (H3F3B, ASF1A, 
SMCHD1, SRSF10 e PSKH1) in human fibroblast line (GM1661) by transduction with specific shRNAs. In order to 
quantify the knockdown, we performed qPCR for measuring each gene’s expression, alongside XIST’s. Afterward, we 
will evaluate the global effects each gene’s knockdown had on other X-linked genes, in order to see its impact on XCI, 
using RNA-Seq analysis. Results: we have already performed the knockdown of the targeted genes in cell line GM1661, 
and we are now at the qPCR stage to quantify the knockdowns in these cells, with preliminary results showing an over 
80% reduction of expression in some cases. We will perform RNA-Seq analysis in cells with knockdown of at least 
80% to further understand the global effects of these knockdowns in the maintenance of XCI. Conclusions: our project 
aims to analyze and possibly validate 5 candidate genes as important to the maintenance of XCI, therefore helping to 
elucidate some more of this yet unclear epigenetic process in humans.
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Abstract: 
Down Syndrome (DS) or trisomy 21 is a genetic disorder that affects the regulation of immune responses leading to 
greater susceptibility to the manifestation of infections and autoimmune diseases. Trisomy 21 changes not only the ex-
pression of genes located in chromosome 21 but also in the entire genome, including those involved in immune system 
pathways. Therefore, genes that participate in immunoregulatory and inflammatory responses, and miRNAs that regu-
late them, are important investigation points for a better understanding of the pathological mechanisms in DS. IKBKB 
gene shows an important role in controlling the immunologic system, with involvement in inflammatory and apoptotic 
processes, which may occur through miRNAs. The objectives of this study were to analyze the gene and protein expres-
sion of IKBKB in disomic and trisomic fibroblasts transfected with miRNA hsa-miR-942-5p and to evaluate the inter-
action, in vitro, between this miRNA and IKBKB gene. In silico analysis was performed, using the online tool DIANA 
- Tarbase v.7, to evaluate the prediction of interaction between the IKBKB gene and six miRNAs that were found differ-
entially expressed in individuals with DS, in our previous study. After selection of miRNA miR-942-5p (score=0.97), 
disomic and trisomic fibroblasts were cultured and transfected with mirVanaTM miR-942-5p mimic and inhibitor, us-
ing Lipofectamine RNAiMax and incubated for 48 hours, at 37°C. Three independent transfection experiments were 
performed on both cell types. After the incubation period, cells were harvested, RNA and protein were isolated and 
gene and protein expression analyses were performed by real-time PCR techniques and Western Blotting, respectively. 
Luciferase assay was performed to validate the interaction between miR-942-5p and IKBKB gene. Statistical analysis 
was performed on GraphPad Prism v.8. The results show that IKBKB gene expression was significantly reduced when 
compared to the negative control (p<0.0001), in disomic cells transfected with mir-942 mimic, but in trisomic cells, the 
reduction was not statistically significant (p=0.0856). In transfected cells with miR-942 inhibitor, the IKBKB gene ex-
pression did not show a statistically significant difference in disomic cells (p=0.9828) in relation to the negative control, 
while in trisomic cells, the IKBKB gene expression was significantly increased (p=0.0209). Luciferase assay confirmed 
the interaction between mir-942-5p and IKBKB gene (p=0.0024). However, it was not observed differential IKBKB 
protein expression in disomic and trisomic cells transfected with miR-942 mimic compared to the negative control. In 
conclusion, the results showed that hsa-mir-942 miRNA regulates the IKBKB gene in disomic and trisomic fibroblasts 
and its inhibition increases the gene expression of IKBKB, suggesting that this gene may be an important therapeutic 
target in the maintenance of the immune system of individuals with DS. 
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ASSOCIATION BETWEEN EXPRESSION OF MICRO-RNAS AND TRANSFER OF LIPIDS 
TO HDL IN PATIENTS WITH STROKE DUE TO HYPERTENSIVE EMERGENCY
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Abstract: 
Introduction: Hypertensive crisis (HC) can account for damage on target organs characterizing hypertensive emer-
gencies. Ischemic Stroke (IS) is among these injuries. Expression of microRNAs (miRNAs) and lipid metabolism are 
considered the possible factors related to HC. Objective: To evaluate the association of expression of miRNAs 221/222 
and lipid transfer in IS patients presenting hypertensive emergency. Methods: Patients with stroke due to hypertensive 
emergency (IS-HE), individuals with stroke without hypertensive emergency (IS), controlled hypertensive (CH) and 
normotensive (NT) individuals were studied. Peripheral blood samples were collected to analyze the expression of 
micro-RNAs by RT-q PCR (real-time quantitative polymerase chain reaction). The lipid transfer to HDL was evaluated 
after incubation of the plasma with an artificial nanoparticle used as a donor of esterified and non-esterified cholesterol, 
radiolabelled. Cholesterol transfer was measured in the HDL fraction, after chemical precipitation of lipoproteins con-
taining apolipoprotein B. Results: Systolic (SBP) and diastolic (DBP) blood pressure were higher in the IS-HE compared 
to the IS, CH and NT groups. The miR-221 expression was higher in the IS-HE group showing significant difference as 
compared to the IS, CH and NT groups (P = 0.0030; P <0.0001 and P <0.0001; respectively). This same miRNA also 
showed overexpression in the IS group as compared to the CH and NT groups (P = 0.0118 and P = 0.0002). MiR-222 
showed overexpression in the IS-HE, IS and NT groups compared to the CH group (P <0.0001 for all). According to the 
results of lipid transfer, it could be observed that the transfer of esterified cholesterol was reduced in the IS-HE group in 
relation to the IS and NT groups (P <0.05 for both). The IS group also showed decreased esterified cholesterol transfer 
compared to the NT group (P <0.001) and to the CH group (P <0.01). Non-esterified cholesterol transfer also exhibited 
a decrease in the IS-HE group compared to the IS, CH and NT groups (P <0.05; P <0.01 and P <0.001; respectively). 
The IS group also expressed lower levels of non-esterified cholesterol transfer compared to the CH and NT groups (P 
<0.01 and P <0.001; respectively). Regarding the correlations, there was a negative correlation between miR-221 and 
cholesterol ester transfer and miR-221 and free cholesterol. Conclusion - This study provides evidence of the miRNAs 
participation in the progression of hypertensive crisis, thus assuring that the increased expression of miR-221 and miR-
222 determines a greater chance of the individual having a IS by HE. In addition, HE causes a marked decrease in lipid 
transfer to HDL. This reduction was previously associated with coronary heart disease. Therefore, HDL functions can 
be reduced in IS by HE, which can also contribute to atherogenesis.
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Abstract: 
Systemic lupus erythematosus (LES) is an autoimmune disease of complex etiology that presents the production of 
autoantibodies to healthy tissues. Lupus Nephritis (NL) is one of the most common and severe clinical features of the 
disease and affects up to 70% of patients. Although the gold standard for diagnosis and follow-up of NL is a biopsy, this 
procedure is invasive and can lead the patient to complications and even death, besides presenting several restrictions, 
such as not indicating a prediction of response to treatment. Several studies are looking for biomarkers for diagnosis and 
follow-up of renal lesions and NL response, but none with satisfactory clinical applications. Lymphocyte hyperrespon-
siveness is common in NL patients and can be attributed to alterations of protein tyrosine kinases (PTKs) that mediate 
the activity of these cells. Fyn is one of the main PTKs expressed by lymphocytes and it is related to self-tolerance and 
autoimmunity. Deregulation in the expression of FYN gene may lead to changes in lymphocyte response and be a con-
tributing factor to the increased risk for disease, response to treatment and worse prognosis of NL. Based on the above, 
the aim of this study was to comparatively analyze the FYN genes expression in subgroups of patients who respond and 
do not respond to treatment for NL. A group of 50 patients diagnosed with LES according to the criteria of the Systemic 
Lupus International Collaborating Clinics/American College of Rheumatology - Damage Index (SLICC) and NL with 
histological confirmation by renal biopsy were selected from Division of Nephrology at Hospital das Clinicas of Federal 
University of Pernambuco (UFPE). Patients were classified as responders and non-responders to LN treatment in accor-
dance with Kidney Disease Improving Global Outcomes (KDIGO) guidelines based on proteinuria and serum creatinine 
values. A total of 31 patients presented complete renal response (responders) while 19 patients presented non-responsive 
classification (non-responders). The peripheral blood mononuclear cells (PBMC) were isolated from all patients before 
and after the treatment and mRNA levels expression FYN were determined by qPCR using Taqman® probe assays. 
Statistical analyzes were performed using Graphpad Prism 8 software. The results showed FYN gene expression was 
6.87 times more expressed in the responsive than non-responsive group (p = 0.009) before beginning the LN treatment. 
From the results, it was noted that in our study group the FYN expression was associated with the treatment response 
profile of patients and may be an indicator of NL prognosis.
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Abstract: 
Chagas disease is caused by Trypanosoma cruzi, a flagellated protozoan that has two genetic materials, nuclear DNA 
(nDNA) and an extensive network of circular DNAs concatenated together, located in the kinetoplast, called kDNA. 
Trypanosoma cruzi manages to insert kDNA into the genome of the hosts, especially in regions of LINE-1 retrotrans-
posons, these insertions form DNA chimeras, which, if they occur in germ cells, can be transmitted to the offspring of 
the infected. The objective of this work was to evaluate the insertions of Trypanosoma cruzi kDNA in the genome of 
members of two families residing in São Felipe - BA. DNA samples were obtained from seropositive people (ELISA and 
indirect immunofluorescence), for Chagas disease and their descendants (n=36), whose samples were analyzed by PCR 
that amplifies the nuclear DNA and the kDNA of Trypanosoma cruzi, then a nested multiplex PCR called tpTAIL-PCR 
was performed, which amplifies chimeric regions composed of protozoan kDNA associated with the human genome, the 
tpTAIL-PCR products were purified and sequenced, the sequences analyzed by software and on the BLAST platform. 
The ELISA and Indirect Immunofluorescence tests detected 8 people positive for anti-T. cruzi antigens, the PCR that 
detects the kDNA and nDNA of Trypanosoma cruzi was positive for 20 samples, demonstrating greater sensitivity in the 
detection of the protozoan than the serological tests. In the analysis of amplicons resulting from tpTAIL-PCR, 3 kDNA 
sequences were found interspersed with regions of human DNA, 2 on chromosomes 11 and one on chromosome 7. Of 
the 36 members, 8 were seropositive, 20 had Trypanosoma cruzi nDNA and kDNA (positive for Chagas disease), how-
ever, 10 patients amplified only the kDNA in the PCRs, which indicates a possible vertical transfer of the protozoan ge-
netic material within the human offspring. In the health network, only serological tests are used to detect Trypanosoma 
cruzi (8/36), however we saw that they showed a lower sensitivity when compared to the molecular PCR test (20/36). 
The findings of this work demonstrate the ability of molecular interaction between a protozoan and mammals, contrib-
uting to the understanding of the pathogenicity of Chagas disease and its role in the evolution of the genetic variability 
of living beings. More studies are needed on this interaction and its possible interference in the genetic balance of beings 
infected by Trypanosoma cruzi and other protozoa and a review of the methodologies used by the health network.
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Abstract: 
Acute lymphoblastic leukemia (ALL) is the most common cancer subtype in children, mainly affecting the age group 
from 1 to 4 years. The northern region of Brazil has the highest incidence rate of this leukemia, as well as one of the 
highest rates of treatment toxicity. The chemotherapeutic agents used in the treatment of ALL have a narrow therapeu-
tic window, so that patients often require a dose reduction or interruption of the pharmacological intervention. Single 
nucleotide variants (SNVs) present in miRNA genes and their processing machinery can modulate the therapeutic 
response of ALL. The aim of this study was to investigate a possible association between 26 SNVs located in miRNA 
genes and proteins encoding proteins involved in their synthesis, with toxicity from pharmacological treatment of ALL 
in pediatric patients from the Brazilian Amazon region. Seventy-seven patients diagnosed with ALL were investigated, 
from which peripheral blood was collected to obtain genetic material. SNVs were genotyped by allelic discrimination 
using the TaqMan® OpenArray Genotyng technology (Thermo Fisher, California, USA), with a panel of 26 customized 
assays, as relevant markers for the development of toxicities in the treatment of ALL, performed on the QuantStudio™ 
equipment. 12K Flex real-time PCR system. Of the patients included in this study, 37% had severe hematologic toxicity 
(SHT), the mean age of the patients was 4.8 ± 3.6 years, and 62.3% were male. Of 26 SNVs analyzed, three genetic 
variants: rs12904 (EFNA1), rs3746444 (MIR499A) and rs10739971 (MIRLET7A1) showed a statistically significant as-
sociation with the outcome of severe hematological toxicity resulting from the pharmacological treatment of ALL. The 
rs12904 variant AA genotype (EFNA1) showed significant results associated with SHT (p = 0.037; OR = 0.26), patients 
with this genotype may have a 26% reduced risk of having an SHT outcome during chemotherapy treatment. Patients 
with the GG genotype for rs3746444 (MIR499A) showed significant results and a 23% reduced risk association for the 
occurrence of SHT (p=0.025; OR= 0.23), as well as the GG genotype of the rs10739971 variant (MIRLET7A1) which 
showed statistically significant results and a reduced risk association, around 18%, for the development of this type of 
toxicity in pediatric patients in the Brazilian Amazon (p=0.040; OR=0.18). The rs12904 (EFNA1), rs3746444 (MIR499) 
and rs10739971 (MIRLET7A1) variants have been shown to be important biomarkers and are likely to be associated 
with a reduced risk of severe hematological toxicity resulting from the pharmacological treatment of ALL in pediatric 
patients from the Brazilian Amazon.

Palavras-chave: Toxicity; Leukemia; Single Nucleotide Variants; severe hematologic toxicity; miRNA

Support / Acknowledgment 
We acknowledge funding from Conselho Nacional de Desenvolvimento Científico e Tecnológico- CNPq through the call Chamada 
Universal- MCTI / CNPq No. 14/2013, contemplated researcher Paulo Pimentel de Assumpção; Universidade Federal do Para´- 
UFPA; Pró-Reitoria de Pesquisa e Pós-Graduação da UFPA- PROPESP; Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior- CAPES; Fundação Amazônia de Amparo a Estudos e Pesquisas-FAPESPA.

78

GENÉTICA HUMANA, MÉDICA  
E FARMACOGENÉTICA



HYPERMETHYLATION OF MBD1 DECREASES ITS GENE EXPRESSION  
IN EARLY STAGES OF GASTRIC CANCER

Elizabeth Suchi Chen1; Ana Carolina Anauate Pereira2; Carolina de Oliveira Gigek2; Fernanda Wisnieski2; 
Leonardo Caires dos Santos3; Danielle Queiroz Calcagno4; Mariana Ferreira Leal2; Paulo Pimentel 
Assumpção4; Ricardo Artigiani1; Rommel Rodriguez Burbano4; Marilia de Arruda Cardoso Smith1 
1Docente. Rua Botucatu, 740, Ed. Leitão da Cunha, 1o andar, Disciplina de Genética. Universidade Federal de São Paulo; 
2Bolsista. Rua Botucatu, 740, Ed. Leitão da Cunha, 1o andar, Disciplina de Genética. Universidade Federal de São Paulo; 
3Técnico. Rua Botucatu, 740, Ed. Leitão da Cunha, 1o andar, Disciplina de Genética. Universidade Federal de São Paulo; 
4Docente. Universidade Federal do Pará

Abstract: 
Gastric cancer is the fifth most frequent type of cancer, and the third major cause of death by cancer worldwide. Epigen-
etic factors can regulate the chromatin structure, modulating the transcriptional state of the cell that could be relevant 
to tumor development and progression. In order to understand the effect of genes involved in the epigenetic machinery 
on gastric cancer, we investigated the expression and methylation profiles of MBD1, EZH2, SETDB1 e SUV39H1 in 
29 paired neoplastic (GC) and non-neoplastic (AD) gastric tissues from gastric cancer patients, and 28 paired gastritis 
(GA) and non-gastritis (NG) gastric tissues from patients who underwent endoscopy. Gene expression was evaluated 
by RT-qPCR. Methylation levels were analyzed by targeted bisulfite sequencing. Our results showed that all genes 
presented decreased expression levels in GC samples compared to NG. Moreover, EZH2, MBD1 and SUV39H1 ex-
pression levels were also decreased in AD samples in comparison to NG. Most genes were positively correlated in all 
groups, suggesting an interaction of these genes to regulate gene expression. When clinicopathological variables were 
evaluated, we found that the expression of SUV39H1 was associated with late-onset gastric cancer, while EZH2 down-
regulation was associated with both intestinal-type and H. pylori positive tumors. Additionally, lower levels of MBD1 
were associated with diffuse-type and T3/T4 invasion tumors, and SETDB1 was associated with T3/T4 invasion and 
staged III+IV gastric cancer. The methylation of MBD1 promoter region was higher in AD samples compared to the NG 
group. Analyses of DNA methylation showed that methylation levels of MBD1 promoter region were increased in AD 
samples in relation to NG samples, and MBD1 expression level was inversely correlated to methylation percentage of 
its promoter region. In conclusion, MBD1 downregulation in early stages of gastric cancer is regulated by methylation 
epigenetic mechanisms.
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Abstract: 
Although there are studies on the effects of trisomy 21 (T21) on genes located on other chromosomes, there is still a 
gap in the molecular understanding of Alzheimer’s disease in Down syndrome (AD-DS). It is also unknown whether 
trisomy 21 can affect the expression profile of genes encoding co-chaperones. These molecules play an important role 
in the response to aggregation and accumulation of unfolded proteins. In this study, we elucidate in silico the genetic 
interaction and expression control of co-chaperones DNAJB12 and DNAJC4 to identify target genes associated with 
chaperone activity. Microarray data from the GSE5390 dataset (brain tissue samples from nine individuals with DS 
and six healthy controls) provided by the Gene Expression Omnibus (GEO) database were selected and analyzed with 
GEO2R and boxplot to identify differentially expressed genes (DEGs). After the analyzes, the raw data of the samples 
were downloaded. We selected two DEGs: DNAJB12 and DNAJC4 for gene interaction study. First, a search for gene 
annotation and chromosomal location was performed in the National Library of Medicine (NIH) gene platform. Gene 
interactions and expression controls were visualized using the Pathway Commons database. Coexpression identification 
based on RNA expression of DNAJB12 and DNAJC4 was visualized using STRING database version 11.5. Protein and 
target-gene interaction analyzes were obtained from STRING, visualized, and annotated using the Cytoscape v.3.7.2 
platform. For analysis in STRING, settings selected in database were high confidence value (0.700), maximum number 
of 20 interactions, and P value < 0.05. DAVID Bioinformatics Resources 2021 was used to analyze the functionally 
related genes of DEGs considering kappa statistics. According to the information provided by GEO2R, the criteria P 
value and log2 fold change show that the genes DNAJC4 (p < 0.006) and DNAJB12 (p < 0.014) have low expression in 
the brain samples from DS. Our results show that 33 genes, 2 of which located on human chromosome 21 (HSA21) and 
31 on other chromosomes, interact with or control expression of DNAJB12 (4 control expression and 21 interact) and 
DNAJC4 (5 control expression and 4 interact). When we analyzed coexpression based on RNA expression, we identified 
7 genes for DNAJB12 (high correlation values > 0.800), including the chaperones heat shock proteins (HSPs) and, Small 
glutamine-rich tetratricopeptide repeat-containing protein α (SGTA) co-chaperone. For DNAJC4, only one correlation 
with VEGFB was identified (> 0.076). Annotation of protein-gene interaction with high level of connectivity in the 
network was observed for DNAJB12 (28 nodes and 180 edges), for DNAJC4 22 nodes and 71 edges. Our DAVID anal-
ysis showed that DNAJB12 and DNAJC4 genes were associated with chaperone molecular function (p < 0.01). Among 
functionally related genes, 1127 genes showed a different kappa score with DNAJB12 and DNAJC4. These results sug-
gest that changes in the gene expression profile of co-chaperones in trisomy 21 may affect the regulation of hub genes 
localized in other chromosomes involved in important biological pathways including the proteostasis network. These 
findings may help in identification of target biomarkers to elucidate the pathophysiological mechanisms of AD in DS.
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Abstract: 
The tuberous sclerosis complex (TSC) is a genetic disorder with autosomal dominant inheritance, characterized by the 
development of benign tumors in many organs and caused by pathogenic variants in the tumor suppressor genes TSC1 
or TSC2. It commonly manifests by refractory epilepsy, associated with intellectual disability and autism spectrum 
disorder. The TSC1 and TSC2 proteins, expressed by these genes, interact forming a complex with inhibitory function 
on the mTOR complex 1 (mTORC1), a central regulator of gene expression, especially at the translation level. Loss-
of-function variants in TSC1 and TSC2 lead to mTORC1 hyperactivation by activation of the kinase activity of mTOR, 
which phosphorylates downstream targets, many of them involved in mRNA translation. Besides the global increase in 
protein synthesis mediated by mTORC1 hyperactivation, mRNAs with 5’ terminal oligopyrimidine motifs (TOP) have 
their translation markedly increased, as shown in Tsc1 knockout cell lineages. The regulation of the mRNA produced 
by TSC1 and TSC2 gene transcription is still poorly understood. The 5’ untranslated regions (5’-UTR) of TSC1 and 
TSC2 mRNAs have similar sizes and do not contain TOP motifs. Curiously, the 3’-UTR of TSC1 has 4.9 kbp while that 
of TSC2 is limited to 109 bp, indicating an elevated potential of post-transcriptional regulation of TSC1. It is also un-
known whether the cellular metabolism plays feedback regulatory roles on the TSC1 and TSC2 transcripts. This project 
has, at the long-term, the goal to characterize the pathways controlling TSC1 mRNA differential expression. Our initial 
approach was to access RNA-Seq data of TSC-unrelated tumors classified by z-score, available at COSMIC (Catalogue 
of Somatic Mutations in Cancer) database, curated by the Wellcome Sanger Institute, UK. All COSMIC samples dis-
playing TSC1 or MTOR mRNA quantity z-scores smaller or larger than 2 were selected. Among 9,144 tumor samples, 
TSC1 mRNA was overexpressed in 451 (4.9%) and under expressed in 177 (1.9%). All transcripts that were significant-
ly co-overexpressed with the TSC1 mRNA were classified by gene ontology based on their molecular functions (Ben-
jamini-Hochberg, FDR<0.05). RNA binding protein (RBP) was one of the three groups of genes differentially co-over-
expressed with TSC1. In this class, we selected the three proteins with the highest potential to be functionally related to 
the TSC1 mRNA. The Unkempt (UNK) protein has reported regulatory roles in the mTORC1 pathway. Eight sites with 
potential to bind to UNK were detected in silico in the human TSC1 3’-UTR sequence; two of them are conserved in the 
mouse orthologue. Musashi 2 (MSI2) is a post-transcriptional regulator RBP involved in cellular differentiation of the 
nervous and reproductive systems. The Dead end protein homolog 1 (DND1) controls the stability of its mRNA targets 
by competing for miRNA binding sites. Our data prioritizes UNK as candidate to regulate the TSC1 mRNA stability and 
translation, a hypothesis that needs experimental testing.
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FROM STELLATE MORPHOLOGY TO A ROUND ACINAR STRUCTURE:  
A DEEP ANALYSIS OF A TRIPLE NEGATIVE BREAST CANCER CELL LINEAGE  

POST-TRANSCRIPTIONALLY REGULATED WITH MIR-34A
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Abstract: 
Triple negative breast cancer (TNBC) is described as the most aggressive among the subtypes of breast cancer since it 
presents limitations to treatment, high recurrence rates and low survival of patients. The potential of TNBC to migrate 
and invade adjacent tissues may vary, however, on the expression of different markers such as adherent junction pro-
teins, like transmembrane E-Cadherin, as well as mesenchymal/basal markers, like Vimentin, Twist and Zeb involved 
in the epithelium-mesenchymal transition (EMT), in which epithelial cells lose their attachment to other cells and ac-
quire mesenchymal phenotype. To achieve success, however, those cells need to turn back into its original epithelial 
morphology by a process known as mesenchymal-epithelial transition (MET). It is of interest though to identify targets 
that reduce these invasiveness processes. The use of microRNAs (miRNAs) in the regulation of such stages is seen as 
a promising alternative to currently available drugs, since they post-transcriptionally regulate the expression of target 
messenger RNAs (mRNAs), leading to repression of translation and degradation of its complementary transcripts. 
In view of the involvement of miRNAs on EMT and MET processes, we performed with miR-34a, a known miRNA 
involved in reduction of breast tumor cell proliferation, time-lapse wound healing assays followed by immunofluores-
cence image acquisitions. Briefly, MDA-MB-231 cells, previously cultured in DMEM medium 10% FBS were reversed 
transfected in a flat botton 96 well plate. By that, 50nM of mimic-miR-34a were mixed with OptiMEM and complexed 
with 0,2% Lipofectamine 2000. After 20min incubation the wells were filled with cells on DMEM medium (10% FBS) 
(8x103 cells/well). After 48hr of incubation, the medium was removed, and cells were treated with 5μM Mitomycin C for 
2hr to stop cell proliferation. Then, cells were scratched, and medium changed with another round of transfection. The 
assay was conducted in parallel transfection with a mimic miR-Ctr. Then, cells were incubated in a Incucyte microscope 
chamber (37°C, 5%CO2, 85%RH) for Transmitted Light image acquisition. After 72hr of scratch, cells were fixed and 
Actin, Vimentin, E-Cadherin, Twist1 and Zeb1 immuno-stained with primary and secondary antibodies conjugated with 
fluorochromes. The image acquisition and quantification were performed on ImageXpress (Molecular Devices) and 
analyzed by softwares like MetaXpress, CellProfiler, ImageJ and Knime. After cell count and stained quantifications, 
the results showed that miR-34a expression reduced not only cell proliferation but also diminished the wound healed 
area. Interestingly, it also induced the treated cells to aggregate in an Acinar structure morphology that grew its size 
and perimeter as mores cells were aggregated. Indeed, we showed that as the cells were arranged in an acinar structure 
under miR-34a expression, also did the E-Cadherin levels on the edge of the aggregated cells increased. On the contrary, 
the Vimentin levels decreased as well as the area and perimeter of the aggregated cells. Our data show that miR-34a 
induced mesenchymal phenotype cells to its original epithelial morphology and led these aggregated grouped cells to 
a baso-apical polarity axis with more Actin on its lumen showing similarities to acinar morphologies of cultures from 
non-tumor breast cells.
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NUCLEAR GENES OF MITOCHONDRIAL APOPTOSIS HIGHLIGHT NEW PATHWAYS  
IN PANCREATIC CANCER
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Abstract: 
Introduction: Mitochondria are organelles that perform key roles in energy production, oxidative stress and cell death. 
Among the mitochondrial pathways that are associated with cancer, apoptosis stands out, a form of cell death that plays 
an important role in the control of various physiological and pathological processes, and its evasion is one of the char-
acteristics of human cancers, including pancreatic cancer (PC). Pancreatic ductal adenocarcinoma is the malignancy 
responsible for more than 90% of PC and develops after a series of mutations in stages from the normal mucosa to 
specific precursor lesions and ultimately to an invasive malignancy. Objective: To analyze the distribution of mutated 
nuclear genes related to mitochondrial apoptotic pathways in common among samples of pancreatic adenocarcinoma. 
Methodology: This is an experimental in silico study in which four public databases were used (ICGC, Nature 2012; 
QCMG, Nature 2016; TCGA PanCancer Atlas; CPTAC, Cell 2021), available at cBioPortal (https://www.cbioportal.
org/). The Mitoxplorer database (http://mitoxplorer.ibdm.univ-mrs.fr/) was employed for the comparative analysis of 
apoptosis-related mutations in mitochondrial genes in common within PC datasets. Presence of mutations in genes 
belonging to up to two databases were considered as a significant result. Results: A total of 13 genes presented mu-
tations in more than two datasets: AIFM1, BCL2L11, BID, BIRC8, BNIP1, CASP2, CASP7, CASP8, CASP9, GFER, 
PACRG, TRAP1 e XIAP. It is noteworthy that CASP2, CASP7, CASP8 and CASP9 are involved in the caspase cascade, 
responsible for the execution of apoptosis, while BIRC8, BNIP1, TRAP1 and XIAP are involved both in the protection 
against apoptosis, suppression of cell death and in the regulation of the cellular stress response. Furthermore, AIFM1, 
BCL2L11, BID act as an independent mitochondrial effector of cell death and an apoptotic activator, while GFER and 
PACRG, respectively, catalyzes disulfide bond formation and suppresses unfolded Pael receptor-induced neuronal cell 
death. Conclusion: Notably, mutations in genes that can influence the resistance to cell death, such as those found in the 
present study, may contribute to both the initiation of cancer and the propagation of the metabolic phenotype of cancer 
cells. To date, there is a lack of studies associating some of these genes to PC, highlighting new pathways that might be 
involved in this type of aggressive cancer.
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Abstract: 
Introduction: Mitochondria are cytoplasmic organelles that perform key roles in cellular function, including energy 
generation through oxidative phosphorylation (OXPHOS), cell death, and metabolic cell signaling. In addition, some 
mtDNA mutations alter the production of reactive oxygen species (ROS), which contribute to the development of differ-
ent diseases, such as cancer, and to the growth of tumor cells. Altered bioenergetics help cancer cells meet their energy 
demand by generating ATP, while dysregulated mitochondrial metabolism supports these rapidly proliferating cells. In 
this sense, pancreatic cancer (PC) is the 14th most common cancer and the 7th leading cause of cancer mortality in the 
world. It develops through a series of alterations in stages from the normal mucosa to specific precursor lesions and, 
finally, to an invasive malignancy. Objective: To analyze the presence of possible nuclear-encoded mitochondrial genes 
related to OXPHOS in common among PC samples. Methodology: This is an experimental in silico study in which four 
public databases were investigated (ICGC, Nature 2012; QCMG, Nature 2016; TCGA PanCancer Atlas; CPTAC, Cell 
2021), available at cBioPortal (https://www.cbioportal.org/). The Mitoxplorer database (http://mitoxplorer.ibdm.univ-
mrs.fr/) was used for the comparative analysis of mutations in mitochondrial genes involved in OXPHOS that are in 
common with PC. Mutations in genes belonging to up to three databases were considered a significant result. Results: 
A total of five genes involved in OXPHOS protein complexes were shown to be significant, which are: ATPAF1, ND-
UFA10, NDUFA9, NDUFV1 e TTC19. Notably, most of these genes encode accessory subunits of complex I that are 
not involved in catalysis (NDUFA10, NDUFA9), and encoding of central subunits of the same complex (NDUFV1). As 
for ATPAF1 gene, it might play an essential role for the assembly of the mitochondrial F1-F0 component of complex 
V. Finally, studies suggest that mutations in the TTC19 gene might cause deficiencies in complex III. Conclusion: The 
nuclear DNA encodes several proteins that are critical for the OXPHOS proteins, and mutations in genes that can impact 
the respiratory function of cells, such as those found in the present study, may contribute to both the initiation of cancer 
and the propagation of the metabolic phenotype of cancer cells. To the best of our knowledge, this is the first study to 
associate these five OXPHOS genes to PC.
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GENETIC RISK SCORE PREDICTS TYPE 1 DIABETES MELLITUS SUSCEPTIBILITY  
IN A SOUTHERN BRAZILIAN POPULATION
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Abstract: 
Introduction: Type 1 diabetes mellitus (T1DM) is an autoimmune disease characterized by chronic hyperglycemia. It is 
well known that this disease is triggered by complex interactions between genetic and environmental factors. Several 
single nucleotide polymorphisms (SNPs) in different genes are associated with T1DM risk, with HLA class 2 (HLA 
DR/DQ) SNPs showing the greatest impact on T1DM susceptibility. Interestingly, non-HLA SNPs seem to interact 
with the HLA DR/DQ locus, influencing the risk for T1DM. In this context, the identification of a polygenic risk score 
could be useful to determine the genetic susceptibility to T1DM. Aims: To build a polygenic risk score (PRS) able to 
predict genetic predisposition to T1DM in a Southern Brazilian population. Methods: This study comprised 296 patients 
with T1DM (cases) and 377 non-diabetic subjects (controls) from Hospital de Clínicas de Porto Alegre. The rs689/
INS, rs2476601/PTPN22, rs231775/CTLA-4, rs2304256/TYK2, rs2292239/ERBB3, and HLA/DR/DQ - DR4/DQ8, DR3/
DR4-DQ8 or DR3/DR SNPs were genotyped by allele discrimination using real-time PCR technique (TaqMan MGB 
probes, Thermo Fischer Scientific). Unweighted PRS (uPRS) was calculated by summing the number of risk alleles of 
the different SNPs, while weighted PRS (wPRS) was calculated by multiplying the risk alleles to each SNP estimated 
coefficient (odds ratio). Receiver operating characteristics (ROC) curves were used to determine the area under de curve 
(AUC) for both uPRS and wPRS. The Ethics Committee at HCPA approved this study under the 2020-0226 number. 
Results: Mean age was 37.7 ± 12.3 (± SD) years in the T1DM group and 38.4 ± 10.0 years for non-diabetic subjects (P= 
0.468). Mean age at T1DM diagnosis was 16.7 ± 9.6 and the mean T1DM duration was 19.9 ± 8.1 years. As expected, 
glycated hemoglobin levels were higher in T1DM patients compared to controls (8.8 ± 2.0 vs. 5.3 ± 0.27; P <0.0001). 
Regarding PRS analyses, the AUC for the uPRS was 0.65 (95% CI 0.61-0.69) and for the wPRS, 0.77 (95% CI 0.74-
0.81). Considering our findings, the wPRS showed higher accuracy and may be useful as genetic tool to evaluate indi-
vidual’s predisposition to develop T1DM in a Southern Brazilian population. Conclusion: Our study demonstrates that a 
wPRS that includes high risk HLA genotypes and SNPs in other 5 genes could be an interesting tool to identify T1DM-at 
risk individuals early in life.
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INFLAMMASOME-RELATED GENES ARE DYSREGULATED IN VISCERAL AND  
SUBCUTANEOUS ADIPOSE TISSUE OF C57BL/6 MICE FED WITH CAFETERIA DIET
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Abstract: 
Introduction: Obesity is a chronic disease characterized by excessive body weight in relation to height, which is a con-
sequence of long-term imbalance between caloric intake and expenditure. Patients living with obesity present a state of 
chronic low-grade inflammation. NLR family pyrin domain containing 3 (NLRP3), PYD and CARD domain containing 
(PYCARD), and caspase 1 (CASP1) are candidate genes to study the pathogenesis of obesity since they participate in the 
regulation and activation of the inflammasome complex. Aims: To evaluate Nlrp3, Pycard, and Casp1 gene expressions 
in visceral (VAT) and subcutaneous (SAT) adipose tissue of C57BL/6 mice fed with cafeteria diet (CAFD) and control 
mice fed with a standard diet (SD). Methods: Forty C57BL/6 mice were assigned to two different study groups: CAFD 
(n=20) and SD (controls, n=20). After 16 weeks of follow-up, VAT and SAT samples were collected, RNA was extracted 
and Nlrp3, Pycard, and Casp1 expressions were evaluated using RT-qPCR technique. The Ethics Committee on Animal 
Use at Hospital de Clínicas de Porto Alegre approved this study under the 2017-0251 number. Results: Nlrp3, Pycard, 
and Casp1 expressions were upregulated in VAT of CAFD animals compared to SD group (Nlrp3: 0.92 ± 0.12 vs. 0.52 
± 0.07, fold changes, P= 0.003; Pycard: 1.14 ± 0.12 vs. 0.42 ± 0.10, P <0.0001; Casp1: 1.37 ± 0.36 vs. 0.62 ± 0.06, P 
<0.0001). In SAT, Pycard expression was downregulated in the CAFD group compared to SD animals (Pycard: 0.43 ± 
0.09 vs. 1.12 ± 0.13, P= 0.036), while Nlrp3 and Casp1 expressions did not differ significantly between groups (Nlrp3: 
2.06 ± 0.38 vs. 2.78 ± 1.13, P= 0.082; Casp1: 0.85 ± 0.11 vs. 0.93 ±0.11, P= 0.183). Interestingly, Nlrp3, Pycard, and 
Casp1 expressions in VAT were positively correlated with leptin and insulin serum levels, Lee Index (an equivalent of 
body mass index in mice), delta-weight, and insulin resistance (homeostasis model assessment-insulin resistance index 
- HOMA-IR). Pycard and Casp1 were also positively correlated with serum adiponectin levels and glucose after an oral 
glucose tolerance test (OGTT), and negatively correlated with Il-6 levels. In SAT, Pycard expression was negatively 
correlated with leptin and insulin levels, delta-weight, and glucose after the OGTT. Moreover, Nlrp3 and Pycard expres-
sions in SAT were negatively correlated with HOMA-IR. Conclusions: Our data demonstrate that Nlrp3 (in VAT), Py-
card (in VAT and SAT), and Casp1 (in VAT) expressions are altered in mice fed with CAFD. Furthermore, expressions 
of these genes correlated with anthropometric, glycemic, and insulin resistance parameters.
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MUSCLE DEGENERATION/REGENERATION REDUCES TUBULAR AGGREGATES  
IN MUSCLES OF SENILE MURINE MODELS

Felipe Tadeu Galante Rocha de Vasconcelos1; Letícia Nogueira Feitosa1; Brandow Willy Souza1; Nathália 
Gagliardi Saldys1; Mariz Vainzof1 
1. Rua do Matão, 106. Centro de Estudos do Genoma Humano e Células-Tronco, Instituto de Biociências, Universidade de São 
Paulo

Abstract: 
Introduction: Tubular aggregates (TAs) were identified within the muscle fibers of aged male C57BL/6 normal mice. 
They are structures derived from the sarcoplasmic reticulum apparently related to aging. In this study, we investigated 
the age effect on TAs formation of two murine models in which there is intense muscle degeneration and regeneration: 
(1) DMDmdx - model for Duchenne Muscular Dystrophy and (2) muscle damage induced by electroporation in C57BL/6 
- wild-type mouse Objectives: To investigate the relationship between degeneration/regeneration and the presence of 
TAs in senile murine models. Methodology: Gastrocnemius muscles of 15 C57BL/6 animals were used: six non-elec-
troporated C57BL/6 animals, and three animals five days-, 15 days- and 30 days post-electroporation (dpe) each. Six 
DMDmdx mice were used as a dystrophic model with degeneration/regeneration due to mutation in the dystrophin gene. 
All the used animals were males, with the age ranging from 1.5 to two years old. Histological sections were stained 
with HE and modified Gomori-trichrome. The number of TAs per fibers, and number of fibers containing TAs were 
quantified. Results: TAs were identified in all experimental groups but were more present in animals without degenera-
tion, both by the dystrophic process or induced by electroportation. The frequency of fibers containing TAs was higher 
in C57BL/6 (26±8.3%) than in senile dystrophic DMDmdx mice (2.4±2%, p=0.001). Comparing the data from normal 
animals to induced degeneration/regeneration, a reduction in the proportion of TAs containing fibers was also observed 
(5dpe=3.7±5%, p=0.016; 15dpe=15.7±17.6%, p=0.412; 30dpe=7.7±5.7%, p=0.034). Conclusions: Our results suggest 
that TAs are also formed in the DMDmdx muscle, but in smaller amounts. As the presence of TAs would be related to 
older muscle fibers, the intense degeneration and regeneration of the dystrophic model would end up generating new 
muscle fibers that would have a lower number of TAs. Data from wild-type electroporated mice, in which the degener-
ation-regeneration process is also intense, supports the idea that muscle regeneration leads to a reduction in the amount 
of TAs. Thus, we suggest that TAs accumulate in muscle fibers throughout physiological aging, but regeneration leads to 
the formation of new fibers without these structures. The functional effect of the presence or not of TAs in muscle fibers 
after regeneration deserves more investigations.
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Abstract: 
Since the emergence of the pandemic caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 
in December 2019, children were overlooked due to the low rate of infection and rare reports of severe COVID-19 
symptoms or death. This scenario changed in April 2020 during an outbreak of COVID-19 cases in England and Italy 
when cases of children that presented Kawasaki-like symptoms after 3-6 weeks of SARS-CoV-2 infection were report-
ed, later named Multisystem Inflammatory Syndrome in Children (MIS-C). Here, we used whole-exome sequencing to 
identify causal exonic variants in pediatric patients with severe COVID-19 (11 patients) or MIS-C (29 patients). DNA 
libraries were prepared using Illumina Exome Panel (45Mb) and sequenced on NextSeq2000 platform to generate 100 
bp paired-end reads (2 x 100 bp). GATK (v4.0) and PLINK (v1.9) were used to variant calling and filter the variants 
based on genotyping rate of 100%, autosomal SNPs, Hardy-Weinberg-Equilibrium P > 0.000001, pruning based on 
variation inflation ≥ 2 in windows of 50 SNPs with steps of 5 SNPs. We identified a set of 124,356 variants, among 
which 22,150 are exonic variants. Common variants, with frequency > 5% in any of the selected populations (Brazil, 
EUR, AMR and AFR), totalized 12,579 variants and were subjected to SNP-based association test using Firth regres-
sion on a case-control design. To identify associations among common variants to severe outcome of COVID-19 in 
pediatric patients, we adopted a suggestive significance level of 5 x 10-3 that better suits the size of our set of samples. 
SNP-based association identified one variant in the SCGB1C1 gene more frequent in MIS-C patients and four variants 
in the SLC26A8, TRL6, PCDHGA12 and CA6 genes more frequent in patients with severe COVID-19. Rare variants, 
with frequency ≤ 5% in all selected populations, totalized 8,559 variants and gene-based tests identified DUOX1 and 
XIRP2 genes. The genes that harbors common and rare variants suggestively associated to severe outcome of SARS-
CoV-2 infection play roles in cell adhesion (PCDHGA12 and XIRP2), respiratory epithelium (CA6 and SLC26A8), 
olfactory mucosa (SCGB1C1), response to infection (TLR6, DUOX1) and loss of taste (CA6). At least 10% of severe 
COVID-19 and/or MIS-C patients presented variants located in genes with known function in virus entry (TMPRSS2 
and SLC6A20), infection and defense (OAS2, IFNAR1, TLR6, IL10RB), respiratory epithelium (MUC5B), endothelial 
cells (PI3KCA and ICAM1) and olfaction (OR1D2). The exome of pediatric patients illuminates the host genetics of 
severe outcomes of SARS-CoV-2. Our results identified cell adhesion and respiratory epithelium in severe COVID-19 
patients and olfactory mucosa and endothelial cells in MIS-C patients as susceptible tissues and processes to impair-
ments caused by mutations in key genes. Our findings indicate that in children both severe COVID-19 and MIS-C are 
polygenic conditions defined by a set of variants with small effect. This work contributes to a better understanding of 
the genetic basis of severe outcomes of SARS-CoV-2 infection in children. Futurely, our data may benefit clinicians to 
tailor treatments according to children’s genetic background.
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Abstract: 
Prostate cancer (PCa) remains the most common cancer affecting men worldwide. Tumor suppressor genes such as 
PTEN and TP53 are important in PCa progression. PTEN appears mutated in 15-20% of primary PCa, and TP53 in 
20%-50% of cases. TMPRSS2-ERG fusion is present in more than 50% of PCa. Recent findings suggest that somatic 
mutations in PTEN and TP53 or specific activation of regulatory pathways such as ETS may in combination facilitate 
an immune evasion against cancer. Our aim is to understand how immune and oncogenic pathways behave when these 
genes are mutated (individually or in combination) in PCa tumors. For this analysis, we downloaded the TCGA cohort 
and aligned RNA-seq reads using recont2 (v1.18.0). We then performed differential gene expression (DGE) analyses 
using DESeq2 (v1.32.0), Gene set enrichment analyses (GSEA) using clusterProfiler (v4.0.2) in the R environment (R 
v4.1.2), and digital flow cytometry using the CIBERSORT algorithm. When comparing patients with TP53 mutated vs. 
wild-type, the DGE results showed 859 genes upregulated and 1193 downregulated. There was also a low expression of 
genes such as PAEP, involved in the deregulation of the WNT pathway. GSEA and overrepresentation analysis showed 
in TP53 mutated a high expression of important pathways such as nuclear division, DNA recombination, double-strand 
break repair, and low expression of chemical stimulus sensing, oxygen transport, and detoxification pathways. High ex-
pression in the nuclear division pathways may mean increased cell proliferation. In the comparison of TMPRSS2-ERG 
fusion-positive vs. negative, the DGE results showed 2997 genes upregulated and 5418 downregulated. We observed a 
high expression of FEZF2, a gene related to malignant cancer progression by regulating the NF-κB signaling pathway. 
The presence of the TMPRSS2-ERG fusion causes a high expression of the positive regulation pathways of lyase activity 
and cyclase process. We also observed the abundance of immune cell infiltration in our comparisons. In PTEN intact and 
TMPRSS2-ERG fusion-positive samples, we found a higher expression of CD8 T cells, resting memory CD4 T cells, 
resting dendritic cells, and a lower expression of B cells, regulatory T cells, and M2 macrophages. In PTEN Loss and 
TMPRSS2-ERG fusion-positive samples, we found the highest expression of plasma cells, M1 macrophages, resting 
dendritic cells, and a decreased expression of monocytes, and M2 macrophages. When PTEN is intact and TP53 mutat-
ed, there is the lowest expression of monocytes. In our analyses, we saw those alterations in the PTEN gene expression 
already led to a worse prognosis in PCa, but when this alteration is combined with mutations in TP53 or TMPRSS2-ERG 
fusion there were changes in the expression of relevant genes, especially related to immune response. PCa is considered 
an immunologically excluded tumor, and our in-silico flow cytometry showed how the relative abundance of the im-
mune infiltrate in patients with mutations affecting these genes affects the tumor microenvironment of PCa. Collectively, 
our results suggest that the combined mutations of both tumor suppressor genes lead to an increased immune evasion 
phenotype together with deregulation of pathways important for cell homeostasis.
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NEW VESSELS FORMATION AFTER TREATMENT WITH BEVACIZUMAB  
AND PACLITAXEL IN HEAD AND NECK CANCER STEM CELLS
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Abstract: 
Introduction: Head and Neck Cancer (HNC) is a multifactorial disease resulting from the interaction of environmental 
factors and genetic inheritance. This tumor is very heterogeneous and composed of a small amount of cancer stem cells 
(CSCs) with self-renewal and differentiation potential. These cells are responsible for tumorigenesis, metastasis, drug 
resistance, and tumor recurrence. Tumor growth is also dependent on angiogenesis which is activated by vascular en-
dothelial growth factor (VEGF). There are drugs that inhibit angiogenic activity and decrease tumor size. Objectives: 
Evaluate VEGFA gene and protein expression, and angiogenesis in CSCs and non-cancer stem cells (non-CSCs) of the 
SCC-28, FADU and HeP-2 cell lines treated with Bevacizumab and Paclitaxel. Methods: Gene expression was per-
formed by real-time quantitative polymerase chain reaction (q-PCR). Cell lines were previously separated into cancer 
stem cells and non-cancer stem cells by flow cytometry with CSCs biomarkers. Angiogenesis was assessed by counting 
“branch points” (BP) in cultured cells with Bevacizumab and Paclitaxel separately or in combination. Results: Gene and 
protein expression of VEGFA showed no statistically significant difference between CSCs and non-CSCs, however, the 
mean value of protein expression was higher in CSCs. Stem Cells treated only with Paclitaxel or in combination with 
Bevacizumab, showed decrease of BP in relation control (no treatment) in three cell lines studied (Paclitaxel: SCC-
28, p≤0.0001; FADU, p≤0.0001; Hep-2, p=0.0178 and Bevacizumab/Paclitaxel: SCC-28, p≤0.0001; FADU, p≤0.0001; 
Hep-2, p=0.0188). Moreover, the CSCs of the FADU cell line treated only with Bevacizumab showed statistically 
significant difference in relation without treatment cells (p≤0.001). Similar results were observed using only non-CSCs 
(treated versus non-treated) for FADU cell line (Paclitaxel, p≤0.0001; Bevacizumab/Paclitaxel, p≤0.0001; Bevacizum-
ab, (p≤0.001) and Hep-2 (Paclitaxel, p≤0.00178; Bevacizumab/Paclitaxel, p=0.0149). The other hand, the SCC-28 
cell line showed decreased of BP in non-CSCs treated only with Paclitaxel in relation to non-CSCs without treatment 
(p≤0.05). In SCC-28 cell line, there was also statistically significant difference for formation of BP between CSCs and 
non-CSCs without treatment in both cell types (p≤0.0001) as well as for those treated with bevacizumab (p≤0.0001). 
Conclusion: the increased expression of VEGFA in CSCs suggests a greater angiogenic process in this cell type, which is 
reinforced by greater presence of BPs in the CSCs in relation to non-CSCs, observed in SCC-28 cell line. Furthermore, 
our findings show that the treatment with the drugs utilized in present study is effective for reduced a formation of BP, 
however, it is not possible to differentiate the effectiveness of treatments alone or in combination.
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A FREQUENT HLA-F ALTERNATIVE SPLICING LEADING TO INTRON 1 RETENTION 
MIGHT REDUCE HLA-F PROTEIN EXPRESSION LEVELS
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Abstract: 
HLA-F is a non-classical HLA molecule with restricted expression in the lung, spleen, thymus, and activated immune 
cells and during pregnancy in the fetal extravillous trophoblast and the syncytiotrophoblasts. HLA-F is a disease-pro-
gression biomarker, particularly for autoimmune disorders, infections, and tumors. Unlike most other HLA molecules, 
it binds a restricted subset of peptides because it contains an atypical peptide-binding groove. Other non-classical HLA 
molecules present isoforms due to alternative splicing, producing both membrane-bound and soluble isoforms. Still, 
there is no description of alternative isoforms for HLA-F. We evaluated the HLA-F expression pattern in the GEU-
VADIS dataset, consisting of RNA and DNA sequencing from Epstein-Barr-virus-transformed lymphoblastoid cell line 
from 465 individuals. To avoid alignment errors typical of gene families such as the HLA genes, we used an adapted 
version of the hla-mapper software to optimize alignments in the MHC region. We also constructed a panel of motifs to 
track the proportion of reads indicating canonical splicing sites and/or different splicing sites (such as intron retention 
and exon skipping). In this preliminary study, we will present the proportion of intron 1 retention and the consequence 
of this retention. We detected that intron 1 retention is frequent for some samples and rare in others, but, in general, 
20% of the transcripts retain intron 1. No polymorphism in the HLA-F gene (including intronic ones) was related to the 
proportion of intron 1 retention. We observed many heterozygous sites inside the retained intron sequences. Thus, most 
of the frequent HLA-F sequences do retain intron 1. Intron 1 retention generated a premature stop codon at the end of 
exon two and modified the reading frame after exon 1. If translated, the consequence is the presence of a leader peptide 
addressing the molecule to the cell surface. Still, the molecule itself is a truncated protein with unknown properties. We 
noticed that ancestry does not influence the proportion of transcripts retaining intron 1. Therefore, intron one retention 
might be a common mechanism for reducing HLA-F protein expression on the cell surface. However, the mechanisms 
driving this alternative splicing are unknown.
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UNRAVELING GENETIC FACTORS UNDERLYING MICROCEPHALY: A BRAZILIAN  
COHORT OF 48 CHILDREN INVESTIGATED BY WHOLE-EXOME SEQUENCING 
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Abstract: 
The expansion and specialization of the cerebral neocortex emerge as a significant milestone of the Primate order re-
garding the performance of the central nervous system. During embryogenesis and continuing after birth, the brain must 
reach the appropriate size and cytoarchitecture to develop the crucial roles of thought, self-consciousness, perception, 
attention, and episodic memory typical of the human species. Disruption at any step of the neural tissue development 
can lead to cerebral abnormalities, such as microcephaly, primarily a proliferative defect characterized by an occipitof-
rontal circumference (OFC) at least two standard deviations below the mean for the same age and sex. Microcephaly 
represents an important cause of developmental delay and neuropsychiatric disorders, such as epilepsy and autism, and 
is highly heterogeneous, posing as a challenge in diagnostic terms. Next-generation sequencing (NGS) technologies 
contribute significantly to unraveling the molecular basis of several genetic conditions, and its use is currently supported 
as a first-tier approach in subjects with neurodevelopmental disorders (NDD). The main goal of our study was to inves-
tigate through whole-exome sequencing a cohort of 45 Brazilian families with at least one microcephalic individual pre-
senting with NDD, corresponding to 48 patients (50% females and 50% males). All cases were previously screened for 
copy number variation by chromosome microarray analysis, with negative results. For consanguineous families (n=12), 
WES was performed only for probands; in isolated cases (n=30) we employed a trio approach; and in familial cases 
(n=3) all the affected individuals were sequenced. Libraries were constructed using either SureSelect Human All Exon 
V6 (Agilent Technologies) or xGen Exome Research Panel v1/v2 (Integrated DNA Technologies). Variant prioritization 
was based on quality metrics, allele frequency in population databases, and gene effect and classification followed the 
ACMG guidelines. Clinically relevant exome findings were detected in 22 out of these 45 families, resulting in a molec-
ular diagnostic yield of 48.9%. Pathogenic or likely pathogenic variants were disclosed in 20 cases (ANKRD11, ASNS, 
BCKDK, BRAT1, CASK, CCDC47, CDK13, DYNC1H1, GATA6, KNL1, LZTR1, MCPH1, NDP, PPP2CA, SLC2A1, 
SRCAP, TRIO, TUBGCP4, and UBE3B), and variants of uncertain significance (VUS) were detected in two of them 
(FGFR1 and KCNT1). Segregation analysis was performed to validate selected variants, confirming that nine arose de 
novo (41%), five were observed in a homozygous state (22.7%), three were cases of compound heterozygosity (13.6%), 
two were maternally inherited (9.1%), and for three cases was not possible to determine the variant origin (13.6%). Only 
one gene was found to be mutated in two different families (CASK), in one of them in a mosaic state. Furthermore, we 
were able to pinpoint two potential new genes for microcephaly in two of the negative families. In summary, our study 
contributed to unraveling the molecular mechanisms leading to microcephaly in a Brazilian cohort, reinforcing the high 
diagnostic yield through WES in patients presenting with NDD, and revealed new candidate genes deserving further 
evaluation.
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ANALYSIS OF APOPTOSIS-RELATED GENES AND MUTATIONS  
IN METASTATIC PROSTATE CANCER: A MITOCHONDRIAL PATHWAY?
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Abstract: 
Prostate cancer (PC) is the second most common type of cancer worldwide and one of the most deadly types of cancer 
among men, presenting high rates of progression to metastasis. Evasion of cell death, mainly apoptosis, has been estab-
lished as an important factor for tumor development and progression, leading to metastasis and lower chances of treat-
ment success. In this context, the essential cytoplasmic organelles called mitochondria play key roles in apoptosis. Al-
though great progress has been made, metastatic pathways in PC and the genes and mutations involved in them are still 
not fully understood. In this study, an in silico investigation of nuclear genes involved in the mitochondrial processes in 
apoptosis was carried out in the search for genes and mutations that could influence the metastasis. For this purpose, 56 
nuclear genes in mitochondrial apoptotic pathways were selected from mitoXplorer database (www.mitoxplorer.ibdm.
univ-mrs.fr) and four metastatic PC datasets (called DB1-DB4 here) were selected from the cBioPortal database (www.
cbioportal.org), and the analysis was conducted using Python. Overall, 44 mutated genes were found: 21 in only one 
dataset, 15 in two datasets, seven in three datasets and one in the four datasets. The latter is APAF1, which, along with 
XIAP, was also the gene with the highest frequency (15 times). Therefore, a closer look was taken regarding the APAF1 
mutations found in the present analysis. Out of the 15 mutations, four are shared between two datasets (DB3 and DB4 
only): 12:99042708 (rs747009471), 12:99106086 (rs1219162491), 12:99116973 (rs1330302023) and 12:99126327 
(rs2064330526). No previous studies were found with any of these APAF1 mutations. Notably, this gene encodes a 
homonymous protein that is one of the main components of a complex called apoptosome, formed in the cytoplasm 
after the mitochondrial outer membrane permeabilization (MOMP) during the intrinsic pathway of apoptosis, activating 
a caspase cascade and culminating in the apoptotic cell death. Thus, mutations affecting APAF1 and its protein function 
might dysregulate these processes, promoting lower rates of apoptosis, which may lead to tumor growth and metastasis. 
This is likely to be the first work to describe the potential importance of these four APAF1 mutations as biomarkers for 
PC metastasis, reinforcing the need for more studies with apoptosis-related genes and mutations in this type of cancer, 
particularly in mitochondrial pathways.
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IN TYPE 2 DIABETES ONSET AND PROGRESSION
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Abstract: 
Introduction: Type 2 Diabetes Mellitus (T2DM) is a major public health concern worldwide, accounting for 95% of all 
diabetes cases. It is characterized by the progressive deficiency in insulin production, triggered by insulin resistance 
in peripheral tissues, which occurs silently in the early stages, leading to late diagnosis and increase of the onset of 
complications. Hence, investigating T2DM-specific molecular alterations is crucial to improve the clinical practice and 
preventive strategies, such as the identification of T2DM-specific biomarkers and novel therapeutical targets. Several 
studies discuss the influence of the post-transcriptional regulation by microRNAs (miRNA) in T2DM progression, 
as they regulate critical genes for T2DM onset and are also present in body tissues and fluids, which allows the use 
of non-invasive obtention methods. Objectives: Aiming to understand the influence of miRNA regulation in T2DM 
onset and progression, we performed in silico analyses to investigate the functional role of experimentally validated 
T2DM-associated miRNAs. Methods: For that, we filtered T2DM-associated miRNAs catalogued on the RNA Society’s 
Mammalian ncRNA-Disease Repository (MNDR). This revealed 27 T2DM-associated miRNAs, 16 of which were 
upregulated (hsa-let-7a/d, hsa-miR-103a-2, hsa-miR-107, hsa-miR-143, hsa-miR-144, hsa-miR-145, hsa-miR-146a, 
hsa-miR-15b, hsa-miR-187, hsa-miR-192, hsa-miR-223, hsa-miR-29a, hsa-miR-483, hsa-miR-92a-1, and hsa-miR-99a) 
and 11 downregulated (hsa-let-7f, hsa-miR-126, hsa-miR-138, hsa-miR-15a, hsa-miR-191, hsa-miR-197, hsa-miR-20b, 
has-miR-21, and hsa- miR-24-1/2). Then, we accessed the miRTarBase repository to identify miRNAs’ target genes, 
selecting those with strong evidence to perform functional enrichment using Bioconductor’s ClusterProfiler package 
(v. 4.4.4) in R (v. 4.2.1). Results: The analyses revealed that the majority of target genes were involved in signal trans-
duction and second messenger signaling, such as MAPK3, RAS family genes, TGFB1, TGFBR2, EGFR, ERBB3/4, and 
FGFR1/3. Several upregulated miRNAs’ target genes were involved in cellular metabolism, including those involved 
in the synthesis if Insulin Growth Factors (IGFs) and their binding proteins (IGFBPs), and in mitochondrial functions 
- such as the fatty acid oxidation, the tricarboxylic acid (TCA) cycle, and the oxidative phosphorylation (OXPHOS). A 
small set of genes were involved in programmed cell death, such as the genes BCL2 and XIAP. These results suggest that 
the upregulated miRNAs may influence in T2DM by decreasing the expression of critical genes responsible for cellular 
metabolism and insulin pathway, such as those involved in the metabolism of Inositol phosphate metabolism and genes 
involved in the regulation of the PI3K/AKT pathway, which are important for the insulin receptor signaling cascade. 
On the other hand, the downregulated miRNAs’ targets included genes involved in inflammation, including the genes 
IL1A, IL1B and IL12A; and programmed cell death pathways - specifically apoptosis, necroptosis and pyroptosis, such 
as CASP8, FASLG, APAF1, and BCL2. Among the downregulated miRNAs, miR-21 is known for its important inflam-
matory responses, increasing the expression of pro-inflammatory genes. Conclusions: We suggest that the disruption of 
the regulation by miRNA is a crucial process for the onset and progression of T2D. We also highlight the importance 
of validation studies that confirm the impact of miRNA imbalance in T2DM onset and progress, as they may be novel 
disease-specific biomarkers and therapy targets.
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REGULATORY NON-CODING RNAS AND THEIR IMPACT IN TYPE 1 DIABETES ONSET 
AND PROGRESSION: IN SILICO ANALYSES REVEAL NOVEL MIRNA INTERACTIONS
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Abstract: 
Introduction: Type 1 Diabetes Mellitus (T1DM) is a chronic disease characterized by insulin deficiency due to the au-
toimmune destruction of the pancreatic islet’s beta cells. Hence, the investigation of T1DM-specific molecular aspects 
is essential to the understanding of T1DM pathophysiology, and to improve diagnosis and clinical management, as 
well as finding novel therapies. Studies suggest that disruption of regulatory non-coding RNA networks can influence 
T1DM’s onset and progression - and various species of ncRNAs were associated with T1DM, but their functional im-
pact remains elusive. Objectives: Here we performed in silico analyses to investigate the functional impact of experi-
mentally validated T1DM-associated ncRNAs. Methods: First, we filtered T1DM-associated miRNAs, circular RNAs 
and long non-coding RNAs cataloged on the RNA Society’s Mammalian ncRNA-Disease Repository (MNDR). This 
initial search revealed four microRNAs, two upregulated (hsa-miR-200b and hsa-miR-326) and two downregulated 
(hsa-miR-24-1/2). Then, we accessed the ENCORI for RNA interactomes to investigate interactions among miRNAs 
and other ncRNA classes, however, no interactions were found. Subsequently, we investigated the target genes of the 
validated T1DM-associated miRNAs in miRTarBase repository selecting those with strong evidence for functional en-
richment analysis using Bioconductor’s ClusterProfiler package (v. 4.4.4), performed in R (v. 4.2.1). Results: Overall, 
the functional analyses revealed that T1DM-associated miRNAs’ target genes were mainly involved in cell signaling 
pathways such as the Neutrophin signaling pathway, MAPK pathway, PI3K-AKT signaling pathway, which are crucial 
for glucose-induced insulin secretion. Our analyses revealed that the upregulated miRNA target genes included BCL2, 
ETS1, FERMT2, IGF1R, KDR, MYB, NOTCH1, PKM, SP1, VEGFA, WNT1, and XIAP, which are mainly involved in 
angiogenesis, metabolism of steroid hormone and programmed cell death. Moreover, the genes BCL2, IGFR1 and VEG-
FA are important for the HIF-1/VEGF signaling pathway, which regulates oxygen homeostasis and response to hypoxia 
- the disruption of this pathway in diabetic patients is associated with the development of diabetic cardiomyopathy. 
Furthermore, mir-200b regulates the gene NOTCH1 which is important for the determination of beta cell mass - studies 
reveal that NOTCH1 inhibition is associated with decreased islets and beta cell mass and decreased insulin secretion. 
The downregulated miRNAs regulate the genes IGFR1, MTDH, PHLPP1, SP1, and YAP1, which are involved in apop-
tosis, stress response and cell metabolism. We highlight the YAP1 gene, a downstream effector of the Hippo Signaling 
Pathway, which regulates several cellular and metabolic tissue processes. Studies reveal that in T1DM, YAP1 promotes 
high glucose-induced vascular inflammation by activating the transcription of inflammatory cytokines, such as IL1b. 
Conclusions: Our analyses suggest that the disruption of the regulations performed by miRNAs can be an important 
aspect of the progression of T1DM. Due to the scarcity of information on validated miRNA species, we emphasize that 
performing validation studies for the predicted T1DM-associated miRNAs is an essential step in the understanding of 
the gene regulation by ncRNA networks, and how they interact in health and disease as they may be a source of novel 
T1DM-specific biomarkers and therapeutic targets.
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Abstract: 
Introduction - The microRNAs (miRNAs) expression that modulate genes involved in signal transduction, cell prolif-
eration, apoptosis, angiogenesis, and sodium-iodine transport can clarify molecular mechanisms, contributing to the 
diagnosis and treatment of cholangiocarcinoma (CCA). Objectives - To evaluate the expression of miRNAs involved in 
oncogenesis in patients with CCA and the relationship with radiotherapy with in vitro models of Iodine-131 (131I). Meth-
odology - The expression of miRNAs (101-3p: tumor suppressor; 203a-3p: cell proliferation; 210-5p: migration and me-
tastasis; 221-5p: signal transduction; 339-5p: iodine transport) was analyzed in 42 patients with CCA (SG); 21 subjects 
without clinical signs of liver diseases (CG) and intra (HuCCT1) and extrahepatic (TFK-1) tumor cell lines irradiated 
with 131I (1, 20 and 60 Gy), after 2 hours, 48 hours and 12 days. Analyzes were performed by real-time polymerase chain 
reaction (RT-PCR), and clinical data and lifestyle habits were obtained by questionnaire and medical records. The sig-
nificance level was assumed to be P<0.05. Results - SG showed higher age (56 years; CG=39 years; P=0.001), and CG 
prevalence in females (P=0.036). Under-expression of miR-101-3p was observed in SG and over-expression of the other 
miRNAs versus CG (P<0.05). Regarding tumor type, intrahepatic (iCCA) showed over-expression of miRs-203a-3p, 
210-5p and 221-5p, as well as perihilar (pCCA) for miRs-210-5p and 221-5p, while distal (dCCA) under-expressed 101-
3p and over-expressed 210-5p versus GC (P<0.05) miR-221-5p showed discriminatory power of iCCA and pCCA ver-
sus dCCA (area under the curve=0.76 and 0.73, respectively), which was enhanced by increased survival. The HuCCT1 
strain showed under-expression of miRNAs versus controls, mainly at the 60 Gy dose, at different times, except for 
miR-221-5p over-expressed at this dose. The TFK-1 strain showed over-expression of miRNAs, particularly at the 
dose 1 Gy and/or 20 Gy , while that of miR-210-5p showed under-expression at the dose of 60 Gy, after two hours and 
12 days (P=0.0001). Conclusions - miRNAs, represented by under-expression of miR-101-3p and over-expression of 
miR-203a-3p, miR-210-5p, miR-221-5p and, miR-339-5p regulate genes involved in CCA, differing in tumor subtypes, 
highlighting miR-221-5p that discriminates iCCA and pCCA from dCCA with better prognosis. Metabolic radiotherapy 
with 131I modulates the expression of miRNAs, with potential for the treatment and prognosis of CCA.
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GERMLINE VARIANTS IN CANCER PREDISPOSITION GENES IDENTIFIED  
BY EXOME SEQUENCING IN CHILDREN WITH CANCER 

Gustavo Dib Dangoni1; Anne Caroline Barbosa Teixeira1; Marília de Oliveira Scliar1; Silvia Souza da Costa1; 
Carolina Sgarioni Camargo Vince2; Mariana Camargo Maschietto3; Estela Maria Novak4; Luciana Nunes 
Silva4; Sofia Mizuho Miura Sugayama4; Vicente Odone Filho4; Ana Cristina Victorino Krepischi1 
1. Human Genome and Stem Cell Research Center, Department of Genetics and Evolutionary Biology, Institute of Biosciences, 
University of São Paulo, São Paulo, SP, Brazil.; 2. Albert Einstein Israelite Hospital, São Paulo, SP, Brazil.; 3. Boldrini Children’s 
Center, Campinas, SP, Brazil.; 4. Department of Pediatrics, Institute of Childhood Cancer Treatment (ITACI), Faculty of Medicine, 
University of São Paulo, São Paulo, SP, Brazil.

Abstract: 
Pediatric cancer is a rare condition with unclear etiology and very distinct from adult cancer regarding histological ori-
gin and molecular characteristics. Pediatric pan-cancer studies revealed that about 8-18% of pediatric cancer cases are 
caused by germline pathogenic variants in known cancer predisposition genes. The identification of pathogenic variants 
in known and candidate cancer predisposition genes can be crucial for the diagnosis, genetic counselling, establishment 
of new cancer associations, and development of targeted therapies. In this study, we investigated the germline exome 
data of seven unrelated children who developed cancer, using a trio approach when possible. The patients were from 
the Northeast and Southeast regions of Brazil. Whole-exome genomic libraries were constructed using the SureSelect 
Human All Exon V6 (Agilent) or the xGen Exome Research Panel V1.0 (IDT), and massive parallel sequencing was 
performed in the HiSeq™ 2000 (Illumina). Variant prioritization was based on quality (read depth ≥20x, Phred score 
≥20, variant allele frequency ≥0,3), population frequency (alternate allele frequency ≤0.5 in population databases: 1000 
Genomes, gnomAD, and ABraOM), and variant type (missense and loss of function variants - LoF: frameshift, stop 
loss/gain, splice site, nonsense). Classification of prioritized variants were performed according to the guidelines of the 
American College of Medical Genetics and Genomics and the Association for Molecular Pathology (ACMG/AMP). We 
detected two patients exhibiting monoallelic pathogenic variants mapped to genes associated with cancer predisposition. 
Patient 1, diagnosed with neuroblastoma and opsoclonus-myoclonus syndrome, had a maternally inherited LoF hetero-
zygous pathogenic variant in the RECQL4 gene. Biallelic pathogenic variants in RECQL4 cause Rothmund-Thomson 
syndrome, an autosomal recessive disorder associated with a greater risk to develop osteosarcoma. Nevertheless, recent-
ly, monoallelic RECQL4 LoF variants were also reported to increase the risk for childhood osteosarcoma. The Patient 
1 also carry a maternally inherited likely pathogenic (LP) variant located in ATM, a gene which confer moderate risk to 
several cancers. The Patient 2 was diagnosed with ovarian tumor and had a strong paternal family history of cancer. We 
detected a germline pathogenic variant inTP53 (R337H), which is associated with Li-Fraumeni syndrome; additionally, 
a heterozygous variant of uncertain significance (VUS) was observed in the BRCA1 gene, a gene associated with breast 
and ovarian cancer susceptibility. The R337H variant in TP53 is a Brazilian founder mutation estimated to be carried by 
0.3% of the south and southeastern population. The R337H has been identified predominantly in pediatric adrenocorti-
cal tumors and choroid plexus carcinomas, and less recurrent associations include osteosarcoma and neuroblastoma. In 
summary, we found two pathogenic and one LP variant in two patients. To our knowledge, this is the first case of a pe-
diatric patient with ovarian cancer and the R337H mutation. We hypothesize that the R337H variant is acting in synergy 
with the VUS BRCA1 variant, increasing the risk.
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Abstract: 
The Brazilian Rare Genomes Project (GRAR) aims to sequence the whole genome of individuals with rare genetic dis-
eases or under investigation for cancer predisposition syndromes. GRAR main goal is to provide a definitive diagnosis 
for these patients, allowing the establishment of more efficient treatment and prognosis. In this work we show how 
data analysis of PCR-free whole genome sequencing data can be a valuable approach in identifying structural variants 
(SVs) and copy number variants (CNVs) in individuals from this project. During validation of SV/CNV detection, our 
approach resulted in an overall accuracy of > 90% (9/10 translocations, 4/4 inversions, 60/65 deletions and 22/22 du-
plications). So far, from more than 1000 genomes evaluated, 49 out of 669 reported variants were structural events that 
were somehow related to the phenotype. From these, about 84% were classified as pathogenic (16% duplications, 79% 
deletions and 5% complex events) and 16% as likely pathogenic (27% duplications, 73% deletions). Interestingly, 15 
probands had also at least one single nucleotide variant or short indel that could also be associated with their clinical 
presentation. This data has been achieved using a combination of CNV and SV pipelines of Dragen v3.8.4. In spite of 
the great amount of false positive and minor true events, we have been able to identify the most relevant ones using 
Varstation®, a platform for smart filtering and visualization. In addition, careful evaluation of breakpoints called in 
the VCF files, detailed inspection of the alignments and in some cases even contrasting the data with orthogonal tech-
niques, such as CGH array and karyotyping, has been used to correctly identify and report the events. This approach 
has allowed a broad range of molecular diagnosis. To date, we can highlight some cases involving deletions of relevant 
genes that triggers classical phenotypes. For instance, a patient with personal history of retinoblastoma, in which we 
identified a pathogenic deletion involving the RB1 gene and a male individual with dystrophy muscular phenotype car-
rier of a pathogenic deletion within the DMD gene. Other classical microdeletion syndromes were also identified, such 
as 22q11.2 deletion (n=3) and 1p36 deletion (n=2). Interestingly, we were also able to find a homozygous pathogenic 
deletion at the upstream region of KLC2 gene, which would not be detected by other classical methodologies, that es-
tablished the molecular diagnosis of a male patient with spastic paraplegia, optic atrophy, and neuropathy (SPOAN) 
syndrome. Additionally, 3 aneuploidy events were recognized, including 2 patients with Down Syndrome and 1 case of 
triple X syndrome. In conclusion, we would like to highlight the ability of PCR-free Whole Genome Sequencing (WGS) 
using NGS to identify SVs ranging from small sizes to whole chromosomes, benefiting patients and their families.
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Abstract: 
Genomic imprinting leads to the monoallelic expression of some genes, whose regulation is based on the methylation 
status of Imprinting Control Regions (ICRs). Silver-Russell syndrome (SRS) is a rare type of dwarfism caused by hy-
pomethylation at the ICR1 (11p15.5) in 60% of all cases. Amidst the several methods of methylation analysis, MS-MLPA 
(Methylation-Specific Multiplex Ligation-dependent Probe Amplification) is the most widely used in the clinic, which is 
responsible for about 80% of molecular tests. This work aimed to prioritize differentially methylated cytosines in SRS, 
potentially targeted by molecular diagnostic methods. For this purpose, we analyzed public methylomes (GSE104451) 
of 21 SSR and 16 unaffected individuals, and used a reference methylome database (MethBank) to verify the accuracy 
of most informative cytosines to detect hypomethylation in 11p15.5. As result, MS-MLPA probes target 48% of differ-
entially methylated cytosines (21/44), while Pyrosequencing and Southern blot methods target 86% (12/14) and 80% 
(4/5), respectively. Lastly, two MS-MLPA probes showed accuracy close to 50% when methylomas from individuals 
aged 0-13 years were used as reference, and accuracy greater than 90% when the reference group was between 14 and 
28 years old. Our findings suggest that the performance of current molecular techniques to detect 11p15.5 methylation 
may be improved by including other cytosines and by using age-matched reference samples.
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Abstract: 
Introduction: Obesity arises from the interactions between environmental risk factors, such as physical inactivity, ex-
cessive caloric intake, the intrauterine environment, medications, socioeconomic status, and factors such as insufficient 
sleep, endocrine disruptors, gastrointestinal microbiome and genetics. Extensive research has shown the contribution 
of genetics to the development of obesity, and to date, the strongest association is the rs9939609 polymorphism of the 
FTO gene, with the risk genotype of allele A, especially when in homozygosity. Bariatric surgery has emerged as the 
most effective strategy to treat obesity and its associated comorbidities. Patients can be classified as normo-responders, 
hypo-responders, or hyper-responders, depending on their phenotypic response to diet or surgical treatment. This indi-
cates that not only the environment but also genetic variations account for successful weight-loss therapy. Aim: Evaluate 
whether the polymorphism rs9939609 influences weight loss in patients undergoing bariatric surgery after 6-months of 
follow up. Methods: The observational, analytical and prospective cohort study included 44 patients undergoing bar-
iatric surgery in a private hospital in São Luís, Maranhão. Anthropometric and sociodemographic data were collected 
directly from medical records. Genetic material was extracted from saliva samples and molecular analysis was evaluated 
by TaqMan probes in quantitative PCR (qPCR). Results: Genetic analysis demonstrated that 17 patients (39%) had the 
wild type (TT) genotype, 17 (39%) were heterozygous (AT) and 10 (22%) had genotype AA. The polymorphic allelic 
frequency was 42%. In the wild-type group (TT), mean age was 39 ± 9.7 years. In the polymorphic carriers (AA and 
AT) group, mean age was 36 ± 11.3. Social demographic characteristics demonstrated that most (68.2%) were female, 
predominantly brown (63.6%), had completed higher education (59.1%), married/stable union (63.6%), underwent 
the surgical method sleeve (54.5%). Regarding clinical data, the predominance was of non-diabetic patients (77.3%), 
without arterial hypertension (65.9%), without dyspnea (79.5%), but with hepatic steatosis (75%). The variable diabetes 
mellitus demonstrated statistical significance between the groups. Patients with diabetes were more prevalent (p<0.05) 
in the polymorphic carriers group. Anthropometric data of the patients before surgery demonstrates no statistticall differ-
ences between groups in basal time. Likewise, no difference were detected between groups antropometry after 6 months 
of surgery. Conclusions: The FTO-rs993609 polymorphism was associated with the presence of diabetes mellitus and 
not associated with weight loss in patients undergoing bariatric surgery after 6 months of follow-up.
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Abstract: 
TBCK (TBC1 domain-containing kinase) is responsible for coding a kinase protein allegedly associated with vesicle 
transport (autophagic-lysosome pathway), cellular growth, actin cytoskeleton organization, mTOR pathway transcrip-
tional regulation and, as recently reported, mRNA transport as part of the FERRY complex. Biallelic TBCK variants re-
sulting in truncated protein or affecting TBC1 domain are associated with disorders as Infantile Hypotonia with Psycho-
motor Retardation and Characteristic Facies 3 (IHPRF3), characterized by intellectual disability, and other clinical signs 
such as lower limb hypotonia and, less often, Autistic Spectrum Disorder (ASD). Published data on TBCK suggest a 
putative GAP (GTPase-Activating Protein) activity for Rab family proteins, associated with vesicle transport. Previous 
work from our group reported accumulation of presynaptic proteins in the neural soma, suggesting altered synaptic ves-
icle transport as well. Preliminary cell morphology analysis demonstrated that neurons derived from IHPRF3 patients’ 
(n = 2) iPSC presented morphologic alterations - like decrease in neurite size and dendritic arborization. Interestingly, 
heterozygous neurons derived from the patients’ mother displayed an intermediate phenotype between the patients (n 
= 2) and control cells (n = 1). During in vitro differentiation, patients’ cell culture showed the persistence of rosettes, a 
progenitor character, 55 days post-neural induction. We supposed that TBCK deficiency may be associated with dysreg-
ulation of the cortical neurodifferentiation pathway. In order to confirm this hypothesis, we assessed expression levels 
of important neurodevelopment markers, as TBR1, TBR2, PAX6 and downstream genes (e.g. FEZF2) using quantitative 
real-time PCR (qRT-PCR) in neural stem cells (NSCs) and mature neurons differentiated from induced pluripotent cells 
(iPCS) from patients (n = 2) and controls (n = 3). Our results show a tendency to increased expression of TBR1 and 
PAX6 was observed in mature TBCK-deficient neurons, compared to controls. FEZF2 expression was found to be lower 
in affected neural stem cells (NSCs) and higher in affected mature neurons, in comparison to control cells. It is possible 
that these differences did not reach statistical significance because of small sample size and wide expression variability 
of these genes even in control cells. Our future experiments include expression analysis in the heterozygote cells, devel-
opment of isogenic lineages and brain organoid assembly from all cell lines. As of current and future results, we expect 
to understand better TBCK function and implication in neurodevelopment and to contribute with the elucidation of the 
underlying molecular mechanisms of disorders like IHPRF3.
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Abstract: 
Congenital anomalies (CA) are an important cause of fetal death, infant morbimortality, and long-term disability. In Bra-
zil, CAs are the second cause of infant mortality, representing a serious public health problem. Most are caused by genes 
and the environment interaction. The association between parental exposure to pesticides and CAs needs to be further 
studied. Of the pesticides, Roundup, the trademark for Glyphosate’s patent, is an herbicide widely used in genetically 
engineered crops. Glyphosate exposure in humans is poor explored. Identify the frequency of parental exposure to pesti-
cides, especially glyphosate, to characterize clinical outcomes of puerperal women and newborns (NBs), describe CA in 
the NBs and anatomical region , as well as classify them into major and minor. We collected data in a cross-sectional and 
prospective study. We interviewed puerperal women assisted in maternity of two university hospitals in Vitória (ES). 
Their NBs have been underwent dysmorphological evaluation 24 hours after birth, according the modified Merk proto-
col, to classify them into major and minor AC, according to the disorder of the affected organ functionality. We analyzed 
parents’ age, education, occupation, exposure to agrotoxic substances, number of live NB, stillbirths, and abortions. For 
the analysis, only the parents who informed the name of the pesticide were considered. We investigated the NB gender, 
gestational age, anthropometry, death, presence, and classification of CAs. We compared the data from exposed parents 
(cases) and NB with data from unexposed parents (controls) and their NB in a case-control study. We evaluated 2,299 
parents and their respective NBs. The prevalence of parental exposure to pesticides was 2.26% (52/2299). Of these, 
32.69% (17/52) reported contact with Glyphosate/Roundup®?. Of those, 13 had NB with CA (76.5%). There was no 
difference in maternal profile between cases and controls. However, paternal age was higher in cases (33 years) than in 
controls (28 years) (p=0.02); ~29.5% (5/17) had professions related to agriculture and 47.05% (8/17) had elementary 
school education. Cases differed from controls in having a higher frequency of CA (p=0.017), hospitalizations (p=0.02), 
APGAR scores 7 or lower (p=0.02), and a higher tendency to refer to a geneticist (p=0.054). We identified 13 CAs, 12 
minor (Localized Hyperpigmentation, Palpebral Ptosis, Flat Nose, Long Fillet, Macroglossia, With Low Implantation, 
Asymmetrical Breasts, Abdominal Rectus Diastasis, Prominent Greater Lip), and six major (Flat Hemangioma, Hair 
Hemangioma, Excessive Skin Folding, Unilateral Preauricular Appendix). It was possible to estimate the frequency of 
glyphosate exposure. The majority of the NB whose parents were exposed to glyphosate had both major and minor CAs. 
The CAs identified in NBs contribute to the spectrum of CAs associated with parental exposure to glyphosate. Our data 
show the need for further studies. Adopting a more effective primary prevention strategy aimed at review allowable 
limits and educating farmers should be a priority for public policy and the health care system.
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PROPORTION OF INTRON RETENTION IN HLA-E TRANSCRIPTS  
AND PRODUCTION OF SOLUBLE HLA-E ISOFORMS  
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Abstract: 
Introduction: The Human Leukocyte Antigen(HLA)-E is a non-classical HLA class I gene encoding an immunomodula-
tory molecule. HLA-E is the least polymorphic of all HLA genes. The HLA-E molecule interacts with several receptors 
modulating different immune response outcomes. Some soluble HLA-E isoforms were described, produced by intron 
retention or exon skipping. Aim: To evaluate the proportion of transcripts with intron retention and the protein molecule 
generated from these alternative transcripts. Methodology: We selected conserved motif sequences to detect canonical 
splicing sites and the retention of every intronic sequence. We applied this bioinformatic strategy to quantify the propor-
tion of intron retention in Epstein-Barr-virus-transformed lymphoblastoid cell line from 465 unique individuals, using 
Illumina HiSeq2000 platform, with paired-end 75-bp, from the GEUVADIS dataset. The sequences with intron retention 
were translated using Emboss transeq and aligned for comparison. Results: Intron retention in HLA-E transcripts is a 
relatively uncommon event. The proportion of intron retention does not exceed 4% of the canonical transcripts for each 
intronic sequence. Intron 1 retention leads to a premature stop codon in intron 1 with the production of no functional 
protein. Intron 2 retention (1,86%) leads to a premature stop codon but the production of a functional alpha-1 domain. 
Intron 3 (0,48%) retention also introduces a stop codon with the production of functional alpha-1 and alpha-2 domains. 
The retention of intron 4 (0,78%) produces a molecule with the same external domains as the canonical HLA-E mole-
cule but with no transmembrane region. In all cases, the leader peptide is maintained, and the isoform may migrate to 
the cell membrane and be released as a soluble molecule. Conclusion: According to our analysis, about 2,34% of the 
transcripts generate a soluble HLA-E molecule, with different structures depending on which intron was retained. There-
fore, soluble HLA-E is possible and is generated by alternative splicing retaining intron sequences. Functional studies 
must be placed to validate the presence of these soluble molecules.
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IN SILICO ANALYSES OF THE PROTEIN-PROTEIN INTERACTION NETWORK  
OF CONNEXIN 26

Jennifer Costa Leoncio1; Ana Carla Batissoco2; Luciana Amaral Haddad3; Regina Célia Mingroni-netto3 
1Estudante de mestrado. Rua do Matão, 277. Departamento de Genética e Biologia Evolutiva, Instituto de Biociências, 
Universidade de São Paulo; 2Pós-Doc. Avenida Dr. Arnaldo 455. Laboratório de Investigação Médica do Departamento de 
Otorrinolaringologia/LIM32, Faculdade de Medicina da Universidade de São Paulo; 3Docente. Rua do Matão, 277. Departamento 
de Genética e Biologia Evolutiva, Instituto de Biociências, Universidade de São Paulo

Abstract: 
Connexins (Cx) are membrane proteins characterized by four transmembrane domains, two extracellular loops and 
intracellular loop, N- and C-terminal segments. Cx C-termini vary among members of this protein family. Six Cx mole-
cules oligomerize to form a connexon, also known as hemichannel. Two connexons in adjacent cell membranes form an 
intracellular channel, known as a gap junction, which is responsible for the transportation of small molecules and ions 
between cells. Connexin 26 (Cx26), a protein encoded by the GJB2 gene, is expressed in different tissues, including 
cochlea. Mutations in GJB2 are responsible for 50% of the cases of autosomal recessive non-syndromic hearing loss 
(NSHL) and nearly 10% of all cases of congenital deafness. A functional role has been assigned for Cx26 in the mainte-
nance and recycling of potassium (K+) in cochlea endolymph, in the inner ear. Through a pipelinefor analysis of proteins 
that directly interact with Cx26, we aimed to identify the encoding genes as thestrongestcandidates to explain hearing 
loss. We also aimed to verify if the data support the hypothesis that Cx26 could be located in mitochondria. To achieve 
this, we analyzed 45 proteins retrieved by aHybrigenics (France) membrane yeast two-hybrid assay that employed a hu-
man fetal brain cDNA library and full-length GJB2 coding sequence. Our in silico analysis pipelinewas applied toeach 
of the 45 proteinsinteracting with Cx26, and consisted of: WebGestalt to study gene ontology;ProtScale to determine 
the hydrophobicity of the selected interaction domains; SHIELD (Shared Harvard Inner-Ear Laboratory Database) and 
NCBI (National Center for Biotechnology Information) to verify gene expression in cochlea; UCSC (University of 
California Santa Cruz Genome Institute) genome browser,Hereditary Hearing Loss and OMIM homepages to verify 
the chromosome mapping of genes and hearing loss loci; NCBI, Uniprot and The Human Protein Atlas to assess the 
localization of proteins in mitochondria; and finally STRING (Funcional Protein Association Networks)and BioGRID 
(Biological General Repository for Interaction Datasets) to analyze Cx26 protein-protein interaction network.Out of 
the 45 proteins, 42 were found to be expressed in the cochlea or inner ear.In addition, three encoding genes had been 
located within or close to NSHL-related loci previously mappedby linkage studies, but with no identified causal genes. 
Finally, nine proteins can be detected in mitochondria, and two of them (the gene products of FUNDC2 and TSPO) have 
been exclusively located in mitochondria, indicating possible Cx26 localization in this organelle. After in silico analysis 
and hierarchical classification, 25 protein-coding genes were prioritized asthe most relevant to hearing:MMD, ELOVL4, 
GPM6B, DAD1, SLC6A3, RNF41, ACKR1, TSPO, CEND1, FUNDC2, TSPAN7, MSMO1, GPM6A, TTYH1, ATP2A2, 
SLC33A1, SLC38A3, EBP, IER3IP1, SLC31A2, TMEM87A, TVP23C, MT-ATP6, ERGIC3, and KCNK1. Among them, 
three genes ranked as good candidates to explain locus-associated hearing loss. Our findings contribute to elucidate the 
roles of Cx26 in the physiology of hearing and of GJB2 in the genetics of this sensorial loss. 
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THE EXPRESSION PROFILE ANALYSIS OF CIRCULAR RNAS  
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Abstract: 
Introduction: The Coronavirus Disease 2019 (COVID-19), caused by Severe Acute Respiratory Syndrome Coronavi-
rus-2 (SARS-CoV-2), has high incidence rates and has become a worldwide public health problem. Evidence suggests 
that Long noncoding RNAs (lncRNAs) participate in the regulation of the biological processes that are involved in the 
COVID-19. Among these, Circular RNAs (circRNAs) comprise a class of lncRNAs formed by covalent biding of 3’ 
and 5’ ends and can act in the expression regulation; moreover, their dysregulation has been studied in infectious dis-
eases, including COVID-19, however, these aspects are not fully described. Objective: Identify the global expression 
profile of circRNAs in nasopharyngeal swabs and saliva samples of individuals with COVID-19. Methods: In this study, 
we analyzed the global expression of cirRNAs in nasopharyngeal swabs and saliva samples from 48 individuals with 
COVID-19, classified as asymptomatic (11), mild (15), and severe (22). RNA-Seq was used to identify the circRNA 
expression (Circulome) of these COVID-19-individuals. The statistical analyses were performed in R v.4.1.1 using 
CircTest v.0.1.1 and Deseq2 v.1.32.0 packages. The statistical significance threshold for set to 0.05 after BH correction. 
Results/discussion: Among the samples, we found 24 circRNAs with significative counts, and from these, three were 
differentially expressed (DE) in both asymptomatic and mild in comparison to severe COVID-19 individuals, being 
two nuclear circRNAs (parental gene: XPO1 and PCMTD1) and one mitochondrial (MT 1690 1894 MT-RNR2). The 
circRNA XPO1 was overexpressed (p-value=3x10e2) in asymptomatic and mild samples compared to individuals with 
severe symptoms, with a fold-change of 1.44 and 0.67, respectively. The circRNA in the gene PCMTD1 also was over-
expressed (p-value=3x10e2) with fold-change of 1.40 and 0.80 in asymptomatic and mild individuals, respectively. On 
the other hand, we found the circRNA MT-RNR2 was underexpressed (p-value=1x10e3) in asymptomatics and over-
expressed (p-value=1x10e3) among the mild individuals, both compared to severe individuals, with a fold-change of 
-0.55 and 1.64, respectively. The circRNA MT 1690 1894 MT-RNR2 has not been described, but genes from the same 
family MT-RNR2 are involved in the negative regulation of cell death and of neuroinflammatory response, factors that 
may influence the pathogenesis of COVID-19. These observations suggest that mitochondrial sequestration may be an 
essential mechanism in SARS-CoV-2 infection and affect negatively cellular bioenergetics. In this sense, understanding 
how nuclear and mitochondrial circRNAs act can contribute to diverse responses to SARS-CoV-2 infections. The gene 
XPO1 was associated with other viral infections such as influenza. It also acts in the cell cycle regulation and mediates 
the transport of proteins. The gene PCMTD1 is involved in the protein methylation process. The understanding of the 
expression and function of these circRNAs during SARS-CoV-2 infection will provide insights into the comprehension 
of the changes in the host transcriptome and its relation with COVID-19 pathogenesis. Conclusions: The results found 
in this study suggest that the DE circRNAs may play an important role in mechanisms of the SARS-CoV-2 infection. 
Further studies are needed to elucidate the functional roles of the circRNAs in the infectious diseases. Furthermore, the 
validation of these targets will be carried out in the future.
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Abstract: 
Background: The exposure to adverse childhood experiences (ACEs) - including physical/sexual abuse, neglect or pa-
rental mental illness - confers risk for psychiatric dysfunction not only to those directly exposed, but also to the next 
generation. We hypothesize that ACEs experienced by women to may lead to chronic inflammation lifelong and during 
pregnancy this inflammatory storm might influence molecular changes in microRNAs (miRNAs), in both the mother 
and her child. The miRNAs are small non-coding RNAs that regulate the expression of target genes. The main objec-
tive was to investigate in 43 women from the Healthy MINDS (Mother Influences on Child Neurobehavioral Devel-
opment) cohort, the impact of maternal ACEs on the miRNA expression profile of maternal peripheral blood samples 
and umbilical cord blood from their newborns. Method: The pregnant women were assessed using Childhood Trauma 
Questionnaire (CTQ) and the WHOQOL (quality of life assessment). The miRNAs were extracted and their expression 
was measured by Next Generation Sequencing. Reads were aligned first to miRbase (v.22) and the remaining ones were 
aligned to the reference genome (GRCh38). Only miRNAs with 5 reads or more in at least 3 samples were conducted 
for differential expression analyses (DESEq2). We compared gene expression levels between case (moderate and severe 
trauma, N=20) and control groups (no trauma and mild trauma, N=23) in a general linear model (GLM) adjusted for the 
WHOQOL with p-value = 5%. Results: We did not find a statistically significant association between groups and socio-
economic status (p=0.225), sex of the newborn (p=0.425) or maternal age (p=0.743). We observed differences in total 
WHOQOL score comparing cases and controls (p=0.004), with a strong correlation between high CTQ total scores and 
worse quality of life (r=-0.638). Regarding sequencing an average of 4.5 million reads/sample were aligned (maternal 
and umbilical cord blood). After remove the low expressed miRNAs, 674 and 792 miRNAs from mothers and umbilical 
cords, respectively, were included in the differential expression analyses. We found 6 miRNAs differentially expressed 
between case and control groups in mothers (blood) and 8 in newborns (umbilical cord), however, such associations did 
not remain after controlling for the False Discovery Rate (FDR). Discussion: ACEs can negatively affect women’s phys-
ical, mental, sexual and reproductive health and can increase vulnerability to physical and/or mental illness. Few studies 
in the literature explore changes in miRNAs associated with ACEs and the impact on the next generation. Although we 
only found a statistically significant association between poorer quality of life and higher trauma level. We did not find 
a differential expression of miRNAs, probably due to the small effect size and the small sample size. Our results may 
contribute to future studies in this line of research.
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Abstract: 
Psychiatric disorders are one of the main causes of years of life lost due to disability. Psychiatric symptoms usually 
begin during adolescence and may progress and persist into adulthood. As they are multifactorial phenotypes, there 
is a contribution of environmental and genetic risk factors for their development. Among the genetic risk factors, rare 
variants with high effect size and penetrance, such as copy number variations (CNVs), have a known impact on the 
development of these disorders. This project aims to identify pathogenic CNVs associated with psychiatric disorders 
and verify their impact on 5,364 subjects from the Brazilian high-risk cohort (BHRC), a longitudinal study that includes 
approximately 2200 probands and their parents. The sample of 2,190 probands and 3,174 parents (1067 duos moth-
er-proband, 80 duos father-proband, and 897 complete trios) was genotyped with Illumina’s Global Screening Array 
and we used the software PennCNV to detect CNVs. This software uses the hidden Markov model (HMM) statistical 
model and detects CNVs from SNParray data by calculating the log R Ratio and B Allele Frequency, which identifies the 
fluorescence intensity of the array probes and the frequency of the alleles, respectively. The identified CNVs underwent 
quality control excluding centromeric, telomeric, and segmental duplication regions, and only CNVs with at least 10 
consecutive SNVs in the array and 1kb of size were selected. Adjacent CNVs with more than 50% overlap were merged. 
Subsequently, these CNVs were explored in the UCSC Genome Browser database, where it was possible to analyze as-
sociated phenotypes and the genes affected by each one. 15,131 CNVs were detected in the entire cohort, of which 8,880 
are deletions and 6,251 are duplications with up to 12Mb. Among them, five of are located in the 22q11.2 region with 
approximately 2.5Mb, including one deletion and four duplications, and one of the duplications was inherited. Other 
two CNVs found are deletions located in the 15q13.2-13.3 region with 1,5Mb. According to the literature, these CNVs 
are associated with a high risk for schizophrenia and other psychiatric disorders. In the sample, of the seven individuals 
with these CNVs, three have a diagnosis of Attention Deficit Hyperactivity Disorder or Generalized Anxiety Disorder. 
In the analysis of the frequency of CNVs in the sample, the most frequent deletion, present in 467 people (10q23.2 re-
gion), has already been associated with autism. It was possible to identify the presence of possibly pathogenic CNVs as 
well as their frequency in the cohort. Some of these CNVs have already been associated with psychiatric disorders in 
the literature, and consistently, the carriers in our sample have a diagnosis of psychiatric disorder. The new CNV data 
generated has led to a better understanding of the genetics and risk of psychiatric disorders in the cohort and will allow 
further studies with these generated data. In the future, such analyzes may contribute to other ongoing cohort studies that 
assess other variables such as neuroimaging data, genetic risk and environmental risk.
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Abstract: 
The prostaglandin-endoperoxide synthase (PTGS2) gene, also known as cyclooxygenase (COX2) is considered relevant 
in tumor biology and it is transiently and selectively induced by pro-inflammatory agents and tumor promoters. These 
observations generated an elementary precept that PTGS2 is associated with pathological conditions such as cancer, in-
cluding head and neck squamous cell carcinoma (SCC). Thus, one of the mechanisms that has been strongly pointed out 
for the treatment of cancer is the use of natural bioactive agents derived from plants. Among these natural products, we 
can highlight piperine, a bioactive phenolic component isolated from plants of the Piper species, such as black pepper 
(Piper nigrum) and long pepper (Piper longum), which has attracted attention as a dietary and medicinal phytochemical. 
Recent studies have shown that piperine has antiproliferative and anti-inflammatory properties, caused by prostaglandin 
inhibition through suppression of PTGS2 gene transcription and decreasing cancer cell proliferation and survival. So, 
the objective of the work was to analyze the effect of piperine in the clonogenicity and regulation of the expression of 
genes related to the PTGS2 inflammation pathway in head and neck cancer. Therefore, total RNA was extracted from la-
ryngeal (Hep-2) and tongue (SCC-25) carcinoma cell lines, treated with piperine (150uM) for 24 hours. The expression 
of genes (PTGS2, PTGER4, MMP2 and MMP9) was identified by the PCRq technique, and the colony formation assay 
was performed by the clonogenic test. Our results show the decrease in the expression of genes analyzed in the studied 
cells and the colony formation assay confirms that piperine can modulate the proliferation and survival of Hep-2 and 
SCC-25 cells, due to the decrease in the number of colonies when compared to the control group. Thus, our data reveal 
that piperine alters the expression of genes related to the inflammatory process, and probably for this reason, determines 
reproductive cell death (clonogenicity) and the ability of individual cancer cells to grow in colonies. In this way, pip-
erine acts directly on tumorigenic cells, either through the antiproliferative and/or inflammatory pathway, opening new 
possibilities for innovative therapies in head and neck cancer.
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Abstract: 
INTRODUCTION: Asthma is a complex disease characterized by chronic inflammation of the airways, hypersecretion 
of mucus, and bronchial hyperresponsiveness to various stimuli. It can be associated with comorbidities such as Met-
abolic Syndrome (MS). MS is characterized by insulin resistance, altered glycemia, dyslipidemias, abdominal obesity 
and inflammatory processes. Both asthma and MS are low-grade inflammatory diseases, resulting from a complex 
interaction between environmental and genetic factors. For asthma, several single nucleotide polymorphisms (SNPs) 
have already been implicated in disease phenotypes. SNPs in the beta-2-adrenergic receptor gene (ADRB2) have been 
associated with increased risk for asthma, its severity, and variation in response to treatment, as well as appearing to 
be related to the development of overweight, hypertension, and MS. OBJECTIVE: To investigate the association of 
the SNP c.79C>G (rs1042714) of the ADRB2 gene with MS in patients with asthma. METHODS: After signing the 
TCLE, we collected socio-demographic and anthropometric data, family history regarding asthma and comorbidities, 
clinical diagnosis, asthma severity, comorbidities, spirometry results, biochemical exams and skin tests from patients of 
the Asthma Outpatient Clinic of a philanthropic hospital in Vitória-ES. Asthma was diagnosed according to the GINA 
(2017) criteria and MS according to the National Cholesterol Education Program (NCEP) Adult Treatment Panel III 
(ATP III) criteria. Patients with at least 3 of the 5 adopted criteria were considered to have MS. DNA was obtained from 
peripheral blood samples. Analysis of the SNP c.79C>G of the ADRB2 gene was performed using the allele-specific 
polymerase chain reaction (ARMS-PCR). Nonparametric Mann Whitney tests were performed for quantitative variables 
and Fisher’s exact or chi-square for categorical variables. A value of p<0.05 was considered significant. RESULTS: 
The analysis of the SNP c.79C>G of the ADRB2 gene was carried out for 280 patients, 45 with MS. Patients with MS 
had worse results in lung function tests: PRE-FVC(p=0.00048), PRE-EVF1 (p=0.0028), PRE-EVF 25/75 (p=0.0022), 
POST-FVC (p=0.0015), POST-EVF1 (p=0.0030), PRE-EVF25/75 (p=0.0021) and DELTA-CVF (p=0.0065). However, 
the frequency of the CC (49,6%), CG (46,4%) and GG (3,9%) genotypes did not differ between asthmatics with and 
without MS. CONCLUSION: Asthmatics with MS had worse lung function tests than those without MS, however, MS 
was not associated with the genotypes. However, it is important to analyze this association in larger samples.
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Abstract: 
The Acute Limphoblastic Leukemia (ALL) is a cancer associated with clonal proliferation of imature lymphoid cells 
frequently related to cases of mortality in children and teenagers, being responsable for about 35% of global malignant 
neoplasia. Approximately 80% of patients with ALL succeeds in chemotherapy treatment, not excluding that the toxicity 
in the long term caused by these medications is one of main failures during the treatment. The brazilian population is 
one of the most heterogenous around the world, with great ancestral contribution of amerindians, africans and europeans 
population. Such diversification with these ancestral components also is observed among the regions of the country. The 
high Amerindian genetic contribuition in the north of Brazil could be influence at the high levels of failure of pharmaco-
logical therapy, when compared to other populations with characteristics more homogeneous, wich could be contribute 
in elucidation of severe toxicological complications presented by patients, wich lead to expressive indices of mortality. 
The study proposed to characterize genetics variants associated with high levels of toxicity in treatment of ALL in 
children patients of brazilian Amazon region. Peripheral blood samples were used to obtain genetic material from 77 
patients treated for childhood ALL of brazilian Amazon. A custom panel of 26 single nucleotide genetic variants (SNVs) 
with relevant markers for the development of toxicities in the treatment of ALL, wich was genotyped from operation 
of TaqMan® Open Array Genotyping, running in the QuantStudio™ technology, performed in the QuantStudio™ 12K 
Flex Real-Time PCR System (Applied Biosystems, Life Technologies, Carlsbad USA). A panel with 61 ancestry infor-
mative markers (AIMs) was used to control population genetic factors. Of the total of investigated patients, the death 
was registered in 31 patients, presenting average age of ±5.5 years, of wich 20 patients (64.5%) was of male gender. The 
more frequent ancestrality was european (44.2%), followed by amerindian (33.6%) and african (22.2%). Among the 26 
SNVs analysed, only one presented significative relation with the mortality indicators due to several toxicity, being the 
variant rs4143815 in CD274 gene. The genotype GG (p = 0.023, OR = 3.14) demonstrated to be associated with a risk 
three times higher of death as consequence of several toxicity. The study demonstred that there a close relation between 
the genotype GG of variant rs4143815 (CD274) with risk of mortality caused by toxicity for patients with childhood 
ALL in brazilian amazon region
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Abstract: 
Imatinib is the tyrosine kinase inhibitor used as the gold standard for the treatment of Chronic Myeloid Leukemia. How-
ever, about 30% of patients do not respond well to this therapy. Variants in drug administration, distribution, metabolism 
and excretion (ADME) genes play an important role in the process of drug resistance. Thus, the aim of this work was 
to investigate the association of 40 SNVs of genes involved in the ADME of imatinib with primary resistance to CML 
treatment. Primary resistance is defined as a lack of response from the beginning of treatment. We investigated 129 pa-
tients with Chronic Myeloid Leukemia, seen at the Oncohematology sector of the Ophir Loyola Hospital (Belém - PA, 
Brazil), treated with imatinib, with detailed follow-up of their clinical and epidemiological data. Variants investigated 
were genotyped using the Agena Bioscience™ iPlex Assay technology, which uses the Mass ARRAY technique to iden-
tify the DNA sequence. Ancestry analysis was performed using 61 autosomal ancestry informative markers (AIMs) in 
order to accurately estimate interethnic admixture to control for possible population substructuring due to the high mis-
cegenation of the investigated population. All statistical tests were performed using the SNPassoc library of R, based on 
a two-tailed probability and a p value ≤ 0.05 was considered significant. Our results showed that, for SNV rs12505410 
of the ABCG2 gene, patients with the G allele have a lower risk of presenting primary resistance than individuals with 
the TT genotype (p-value= 0.029; OR= 0.14; 95% CI= 0.02-1.17). In addition to the separate analyses, we performed 
the interaction analysis between the investigated variants, thus obtaining that there is a statistically significant associ-
ation between the ABCB1 and SLCO1A2 genes. Based on these analyses, the SNV rs1045642 of the ABCB1 gene and 
rs4148977/ rs4148978 of SLCO1A2 gene (p= 0.005) contribute together to the development of primary resistance, as 
well as the SNV rs1128503 of the ABCB1 gene and rs4148977/ rs4148978 SLCO1A2 (p= 0.035). We conclude that the 
ABCG2 gene has an association with primary resistance to imatinib and the variants interactions play an important role 
in this process too. The presence of more than one genetic alteration will lead to a greater loss of activity of proteins in 
the microcellular environment, which individually could be minor, however the sum of these effects makes them signifi-
cant, affecting more persistently the response to treatment. And the literature points out that both ABCB1 and SLCO1A2 
genes influence the transport and intracellular concentration of imatinib, highlighting our results. 
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CELL-TYPE SPECIFIC MOLECULAR NETWORKS OF THE AGING HUMAN BRAIN 
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Abstract: 
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that causes brain atrophy and cell death, and it is 
the primary cause of dementia. Genetic studies have implicated distinct cell-type pathways involved with the disease, 
suggesting potential cell-specific prognostic/diagnostic markers and therapeutic targets. However, despite many recent 
research advances, no therapies are available to treat or prevent AD. Because single-cell and bulk genomics assays 
have complementary strengths, we use them both to connect molecular networks to specific cell type and disease pro-
cesses. We analyzed bulk RNASeq from human dorsolateral prefrontal cortex (DLPFC) tissues from 1210 participants 
and single nuclei RNASeq (snRNASeq) of 424 individuals from the Religious Orders Study (ROS) and Memory and 
Aging Project (MAP), two longitudinal cohort studies of aging and dementia. Operating directly on gene expression 
data, and without reference to prior literature or disease phenotypes, we identified clusters (“modules”) of co-regulated 
gene transcripts, coherent cellular processes that impact AD phenotypes. We accessed which modules were associated 
with AD traits such as cognitive decline, tangle density, and amyloid deposition. In the first part of the analysis, which 
consists of the bulk RNASeq data, we found 58 modules, 34 with at least 30 genes up to 1,073 nodes. These modules 
(M) were enriched for a variety of Gene Ontology terms such as inflammatory response and lipid metabolism (M09), 
cell proliferation (M08), apoptosis (M32), and mitochondria (M24). We found eight modules associated with AD traits, 
where module 03 (M03) showed the best association with cognitive decline (P-value = 1.6x10-17). Individuals with AD 
diagnosis had higher expression of genes in M03 (P-value ADvsCT < 2.22x10-16, e.g genes BCL2L1, FBXO2, ITPK1, 
TSPAN14). We also found 17 modules strongly enriched for cell-type-specific genes, such as M09, enriched with Mi-
croglia genes (P-value = 2.8x10-163). M03 showed the strongest module trait association, but its cellular identity is 
uncertain, indicating its preservation across the brain cell types. Because variation in cell type proportions can drive 
coexpression patterns between genes, we want to verify if the module trait associations may be due to changes in cell 
proportion. We observed that 38% of all modules had their variance significantly explained by specific cell-type counts, 
including 41% of the modules enriched for cell-specific gene makers. For M03, we did not observe any significant as-
sociation with cell numbers. Thus, we need cell-type-specific expression data to track the source of gene connectivity. 
We created six distinct networks for each major cell type: Astrocytes (Ast), Excitatory neurons (Ext), Inhibitory neurons 
(Inh), Microglia (Mic), Oligodendrocytes (Oli), and OPCs. As expected, the proportion of cells varied by individual, 
and the number of expressed genes varied by cell type. Consequently, the number of modules also varied by cell-type. In 
summary, we have built a comprehensive set of gene co-expression networks using multi-omics data. We found modules 
associated with AD pathologic traits and created cell-specific networks paving the way for downstream cell-specific 
mechanistic assays.
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INFLAMMASOME ACTIVATION IN THE PULMONARY PARENCHYMA  
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AND WORSENING OF LUNG FUNCTION
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Abstract: 
Inflammasome activation is associated with disease severity in patients infected with SARS-CoV-2 and influenza, but 
the specific cell types that drive inflammasome activation as well as the inflammatory profile associated with inflamma-
tion-mediated disease exacerbation is unknown. Here, we assessed lung autopsy of 47 fatal COVID-19 patients and 12 
fatal influenza patients and examined inflammatory profile, inflammasome activation and correlated with clinical and 
histopathological patient’s conditions. We demonstrated the presence of more robust inflammasome activation in lethal 
cases of SARS-CoV-2 compared to Influenza and found a different profile of inflammasome-activating cells during 
these diseases. In COVID-19 patients, inflammasome activation is mostly mediated by macrophages and endothelial 
cells whereas in Influenza, type I and type II pneumocytes contribute more significantly. Analysis of gene expression al-
lows classification of COVID-19 patients in two different clusters, cluster 1 (n=16 patients) died with higher viral loads 
and reduced inflammatory profile than oppose to cluster 2 (n=31). Illness time, mechanical ventilation time, pulmonary 
fibrosis, respiratory functions, histopathological status, and inflammasome activation differed in the two clusters. Our 
data reveal two distinct profiles in lethal cases of COVID19, indicating that the balance of viral replication and inflam-
masome-mediated pulmonary inflammation may lead to opposed clinical conditions, yet both lead to patient death. 
Understanding this process is critical for decisions concerning the higher efficacy of immune-mediated or antiviral-me-
diated therapies for the treatment of critical cases of COVID-19.
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IN SILICO ANALYSIS OF GENETIC VARIANTS ASSOCIATED  
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Abstract: 
Telomerase is a ribonucleoprotein that is active in 85 to 90% of neoplastic cells. It is responsible for the maintenance of 
telomere size. Through telomerase, neoplastic cells can divide thousands of times without entering a critical state, es-
caping apoptosis, and acquiring replicative immortality. Considering the relevance of replicative immortality in cancer 
progression, this study aimed to evaluate how genetic variants on telomerase genes may change the cellular telomere re-
construction mechanism in cancer cells. It is an exploratory in silico study, in which GWAS Catalog, SNPnexus, Ensem-
bl, GTEx, and HaploReg were used to select and analyze a single nucleotide polymorphism (SNP), rs12638862, located 
close to TERC gene, on 3q26.2 (GRCh38 coordinates: 169759718). TERC gene codes for telomerase RNA component. 
SNP rs12638862 is an intergenic variant, with A or G alleles, which overlaps a regulatory region, active on immature 
B lymphocytes, CD4+ T cells, CD4+ alpha beta T cells, and CD4+ myeloid progenitor, what could explain the associa-
tions found between this variant and susceptibility to malignancies of the blood and immune system, such as leukemias 
and lymphomas. The G allele of rs12638862 was associated to telomere shortening, what may result in chromosome 
translocations, also related to cancer development. On GTEx platform, rs12638862 was found to be an expression quan-
titative trait locus (eQTL) of genes LRRC34 in fibroblasts, subcutaneous tissue, heart, nerves, and thyroid, MYNN and 
LRRIQ4 in testicles, RP11-362K14.5 in adipose tissue, and ACTRT3 on thyroid and fibroblasts. SNP rs12638862 seems 
to have relevant functional consequences, what may explain its genetic associations to various cancer types, however, 
that is little evidence of its influence on telomerase expression levels. This polymorphism is in linkage disequilibrium 
(r2>0.8) with other SNPs on the region, which could, in turn, have a direct influence on replicative immortality. One 
such SNP is rs12696304 (GRCh38 coordinates 3:169763483), which also overlaps with a regulatory region, active on 
B and T cells, and on Hela cells, known for its immortality. Further studies on this genomic region are important to un-
derstand how these loci influence cell cycle, and apoptosis evasion, to allow cancer cells to survive even after thousands 
of divisions. With a more significant knowledge on these survival mechanisms, it would be possible to use replicative 
immortality on biotechnology processes, such as embryonic culture and cell senescence studies, but mainly it could be 
possible to find new possible targets for cancer therapy.
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Abstract: 
Multiple myeloma (MM) is still an incurable disease that exhibits high rates of chemoresistance. Investigating MM 
epigenetics at the level of non-coding RNAs (ncRNAs) and their interactions can be a key factor in understanding this 
disease. Circular RNAs (circRNAs) are ncRNAs whose 5’ and 3’ ends are covalently joined and have been mostly 
investigated in MM by acting as microRNAs (miRNAs) sponges. This study aimed to find a meaningful network be-
tween circRNA-miRNA-mRNA using in-silico tools. We used multiple layers of analyses to bring real meaning to our 
data and new insights into the role of circRNAs in MM. Firstly, we searched for studies involving circRNAs and MM 
in the Pubmed database, and the deregulated circRNAs were selected by CircbaseID to search the circRNAs-miRNAs 
interactions validated by CLIP-Seq in CircInteractome. Finally, to complete our interaction network, we searched for 
miRNA’s target genes using miRTargetLink 2.0, selecting those validated by strong evidence. Then, we reinforced our 
data using the RNA-Disease Repository to search and filter only experimentally validated miRNAs in MM. Subse-
quently, we analyzed transcriptome datasets from healthy donors (HD) and MM patients (MMxHD analysis), available 
in Gene Expression Omnibus, and filtered our data by differentially expressed genes (DEG, adjusted p-value<0.05 
and |log2FoldChange|≥1.5). To discover which biological pathways circRNAs-miRNAs-mRNAs are involved in, we 
performed functional enrichment analysis (FEA) of the target genes in KEGGPathways. To conclude our analyses, 
we selected genes that enriched in cancer-related and antineoplastic drug resistance pathways to analyze in a distinct 
transcriptome dataset of MM patients only, available in The Cancer Genome Atlas, comparing patients who died from 
MM with living patients. Additionally, we performed a Kaplan-Meier survival analysis of the DEG in the DeadxAlive 
analysis. All analyses were performed on R and p-values<0.05 were considered statistically significant. We first ob-
tained 2216 interactions involving 21 circRNAs (12 upregulated and 9 downregulated, registered in CircBase from 16 
studies between 2017-2021), 222 miRNAs, and 670 target genes. After filtering data to make our findings more con-
fident, 372 interactions remained. 76 DEG enriched 107 signaling pathways in the FEA, from which were selected 54 
signaling pathways involved in important biological/cellular processes, cancer, and antineoplastic drug resistance. From 
11 genes enriched in common cancer-related and antineoplastic drug resistance pathways, we found that BCL2, CD-
KN1A, ESR1, PRKCA, and VEGFA, were deregulated in DeadxAlive analysis (p=0.003004, p=0.03589, p=0.006992, 
p=0.003074, p=0.009315). Additionally, patients with low expression of BCL2, CDKN1A, ESR1, and PRKCA or a 
higher expression of VEGFA showed worse outcomes (p<0.0001, p=0.0048, p<0.0001, p<0.0001, p=0.004). Consider-
ing the miRNA sponge function, we conclude our analysis by correlating the expression profile between circRNAs and 
target genes (considering the literature and MMxHD analysis, respectively), achieving a network between 5 upregulat-
ed circRNAs (hsa_circ_0001821, hsa_circ_0008285, hsa_circ_0085533, hsa_0069767, hsa_circ_0005273), 6 miRNAs 
(hsa-miR-142, hsa-miR-145, hsa-miR-182, hsa-miR-512, hsa-miR-520h, hsa-miR-572) and 5 upregulated genes (previ-
ously mentioned). This study highlighted potential molecular interactions in which circRNAs are key players. By being 
involved in important signaling pathways, the genes and consequently the network we found can be implicated in the 
development and/or chemoresistance of MM.
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Abstract: 
In cancer treatments, the search for less aggressive and more specific therapies is recurrent, so herbal medicines have 
been highlighted for their action in signaling pathways reducing the development of cancers. Piper nigrum, for exam-
ple, is a plant with known medical properties in its fruits but little explored in the components of its leaves. This study 
aimed to analyze the in vitro effect of Piper nigrum leaves total extract and fractions on the cervical cancer cell line. 
For this, two cervical cancer tumor cells lines (HeLa, SiHa) and a non-tumor cell line (HaCaT) were used, which were 
submitted to different assays, such as viability, proliferation, migration, apoptotic cell death, and cell cycle. The results 
demonstrate that the total extract and fractions of P. nigrum leaves have bioactivity on cervical tumor cells, and the ethyl 
acetate fraction had a selective action on tumor cells leading them to cell cycle checkpoints and apoptosis. This work 
demonstrated important anticancer properties and opens the paths for new studies, such as analyzing gene expression, 
to have the medicinal use of the plant in the prevention and treatment of cervical cancer. 
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Abstract: 
Xia-Gibbs syndrome (XGS) is a syndromic form of intellectual disability caused by heterozygous AHDC1 gene vari-
ants, which encodes the gibbin protein. Neonatal hypotonia, motor development delay, autism, corpus callosum and 
myelination changes, growth hormone deficiency and facial dysmorphisms are frequently reported characteristics of the 
patients. The mechanisms by which AHDC1 variants cause these phenotypes is still unknown. In this study, we devel-
oped two biological models (cellular and animal) to investigate pathophysiological mechanisms of XGS. The develop-
ment of the cell model involved obtaining lineages of induced pluripotent stem cells (iPSCs) with loss-of-function (LoF) 
AHDC1 variants and their differentiation into cortical neurons, while the animal model is a lineage of zebrafish with a 
frameshift mutation in the same gene. We reprogrammed peripheral blood mononuclear cells from three patients carry-
ing different LoF AHDC1 variants, using plasmid nucleofection for expression of OCT3/4, SOX2, KLF4, L-MYC, and 
LIN28. Further, we obtained by CRISPR-Cas9 a fourth AHDC1-mutated cell line. We used as controls three iPSC lines, 
two previously established and published and a third that was developed simultaneously with those from patients. All iP-
SCs lines present typical morphology, express pluripotency factors according to immunofluorescence assay (OCT4 and 
SSEA4) and RTqPCR (OCT3/4 and NANOG) and had negative results for plasmid integration and mycoplasma tests. 
We differentiated iPSCs in cortical neurons using double inhibition of SMAD followed by in vitro neurogenesis. The 
cortical neurons will be characterized regarding specific gene expression pattern. The zebrafish model was generated by 
genome editing of AB embryos based on CRISPR-Cas9, initially resulting in animals which were mosaic for ahdc1 gene 
variants. After a first breeding, we obtained heterozygous animals and selected a female carrying a heterozygous frame-
shift insertion of four base pairs (ZFahdc1+TCGT), identified by Sanger sequencing. We then carry out new breeding 
with the animal carrying this insertion, to expand the model. Unlike the murine model for XGS (data from literature), 
ZFahdc1+TCGT is viable and fertile, with numerous offspring. In this project, we have developed two biological mod-
els (one cellular and one animal) that could be useful in the investigation of molecular pathways involved in XGS, which 
still have poorly understood pathophysiological mechanisms. In the future, the understanding of these mechanisms may 
eventually lead to therapeutic interventions. Funding: FAPESP, CAPES, and CNPq.
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PIPERINE DOWN-REGULATES THE EXPRESSION OF INFLAMMATORY MEDIATORS 
ASSOCIATED WITH CERVICAL CANCER
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Abstract: 
Cervical cancer is the fourth type of cancer that causes more death in women in the world, being mainly due to per-
sistent infection by the HPV virus, which acts as an inflammatory stimulus, triggering the secretion of cytokines and 
the activation pathway of cyclooxygenase 2 (PTGS2) and Mitogen-activated protein kinases (MAPKs), which induce 
a synthesis of matrix metalloproteinases (MMPs). Knowing that inflammation involved in this type of cancer, the use 
of anti-inflammatories becomes a treatment option, as is the case with piperine. Piperine is an amino alkaloid derived 
from Piper nigrum, which in addition to this effect, has antitumorigenic property demonstrated in several models, but is 
poorly understood in cervical cancer inflammation, making it a target of research. Thus, this work aimed to investigate 
whether the antitumor effect of piperine in vitro on cervical cancer is modulated by inflammatory pathways. For this, 
three cervical cancer tumor cells lines were used (HeLa, SiHa and CaSki) and a non-tumor cell line (HaCaT) which 
were submitted to qPCR and Western Blot assays (PTGS2 and MMPs pathways), ELISA (1IL-1β, IL-8 and MCP-1) and 
immunocytochemistry (MAPKs p38 and ERK), aiming to understand how piperine modulates these pathways. The re-
sults showed modulation on these inflammatory pathways by piperine, that reduced the expression of PTGS2 and PGE2 
receptors 3 and 4 (PTGER3 and PTGER4) in tumor cells, which reflected in the reduction of secretion of cytokines 
IL-1β, IL-8 and MCP-1. These cytokines and PTGS2 regulate each other by positive feedback through the pathway 
of Mitogen-activated protein kinases (MAPKs), p38 and ERK, which in turn also had its down-regulates by treatment 
with piperine. In contrast, in non-tumor cells (HaCaT), piperine had a pro-inflammatory action, as it activated p38, con-
sidered the main responsible for the stress response, thus resulting in increased IL-1β and PTGS2 expression. PTGS2 
also regulates the MMP2 and MMP9 expression, which was negatively expressed by piperine and, in a complementary 
way, its antagonists, TIMP1 and TIMP2, were positively regulated by this alkaloid. Therefore, in view of these results, 
and together with molecular docking data that confirm piperine bind to PTGS2, we can conclude that piperine actually 
interacts with this protein resulting in reduced of cytokines, MAPKs and MMPs expression, which reflects in the in vitro 
antitumor effect of piperine, showing to be a phytotherapic potential for the complementary treatment of cervical cancer.
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GENETIC ANCESTRY INFERENCE: FROM AIMS TO WGS APPLICATION  
AND CHALLENGES IN ADMIXED POPULATION
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Abstract: 
Understanding how human genetic diversity is distributed and its implications has been a recurrent focus in clinical, 
population and forensic genetics. Over the last few decades, several genotyping strategies and analytical methodologies 
have been developed to assign individuals to specific biogeographic regions. The development of Ancestry Informative 
Markers SNPs panel (AISNP panel) attempts to select a group of genetic markers that compose a small, accurate, low-
cost and highly informative set. However, despite all these efforts, the ancestry inference in populations with a recent 
history of admixture, such as those in America, is still a challenge. In admixed populations, proportion and components 
of genetic ancestry vary at different levels: (i) between populations; (ii) between individuals of the same population; 
(iii) throughout the individual’s genome. In the present study we compared and evaluated different sets of markers de-
scribed in the literature as useful to estimate genetic ancestry. Here we analysed samples genotyped by Whole Genome 
Sequencing and publicly available: (i) African, European, East Asian and Native American populations of Human Ge-
nomic Diversity Panel (543 individuals) and Project 1000 genomes phase III (1KGP; 1511 individuals), (ii) admixed 
populations from the 1KGP (504 samples) (iii) Brazilian Cohort of Health, Well-being and Aging (Saúde e Bem Estar 
- SABE; 1,171 Brazilian samples). We selected seven AISNP panel frequently used in studies with Latin American pop-
ulations: 12 AISNP; 34 AISNP; PIMA; 55 AISNP; 128 AISNP; 170 AISNP; 446 AISNP and the combination of these 
seven panels, which we called 672 AISNP. We also used the High-density SNP chip array (HDSNPs panel) markers - the 
AxiomTM Genome-Wide Human Origins (~600K SNPs - ThermoFisher Scientific). ADMIXTURE v.1.3 software was 
used to perform global ancestry inference. Comparisons of ancestry inferences were performed by correlation analysis 
and z-score test by R scripts with package stats v.4.1.1. Analyses show greater variation in the correlation coefficient of 
ancestry components within and between admixed populations, especially for minority ancestral components. We also 
observed, the higher the number of markers in the AIMs panel, the higher the correlation with HDSNP and WGS. In 
addition, the greater the number of markers, the more robust was the tetrahybrid admixture model. In the present study, 
we show that heterogeneity within and between admixed populations still poses methodological challenges. However, 
we have also shown that there are good panel sets and tools that can help address these challenges.

Palavras-chave: admixed populations; Genetic Ancestry Inference; high density SNP; ancestry informative markers 
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CDH1: A DESCRIPTION OF ITS VARIANTS IN DIFFERENT DATABASES
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Abstract: 
The CDH1 gene is located at the long arm of chromosome 16, and it has 16 exons and 15 introns. It is classified as a 
tumor suppressor gene and it is responsible for the production of a protein called E-Cadherin, which plays a key role 
in cell-cell adhesion, signaling cascades, and the epithelial-mesenchymal transition. Moreover, some studies show that 
in several tumor types its translation is suppressed, which leads to a severe impairment in cell adhesion that can lead to 
metastatic processes. CDH1 is already described as having an important role in some genetic syndromes, such as Hered-
itary Diffuse Gastric Adenocarcinoma, Predisposition to Lobular Breast Cancer, and Predisposition to Prostate Cancer 
in Individuals with an Alteration in the Gene Promoter Region. Thus, the main objective of this study is to analyze the 
distribution of CDH1 gene mutations in different types of cancer, using different public databases as sources. Further-
more, this is an experimental in silico study that is based on three public databases: cBioPortal (https://www.cbiopor-
tal.org), ExAC (https://gnomad.broadinstitute.org) and ClinVar (https://www.ncbi.nlm.nih.gov/clinvar). Within ExAC 
1502 variants of uncertain significance (VUS) were described, 258 described as pathogenic or likely pathogenic and 
861 benign or likely benign, when analyzing cBioPortal, which uses data from a multicenter study, 333 mutations were 
described, being 185 driver mutations, among them 122 that encode a truncated protein, and 140 VUS. In ClinVar, 1,620 
VUS were described, 138 with conflicting results, 1,129 benign/likely benign, and 370 pathogenic/likely pathogenic. 
Therefore, the databases show varying numbers of each clinical meaning for different mutations in the CDH1 gene, and 
it is interesting to note the large number of the VUS - Variants of Uncertain Significance - and given the importance 
of this gene in the pathogenesis of various types of cancer, such as breast cancer and gastric cancer, further studies to 
elucidate the true role of its variants are needed, thus assisting in the diagnosis, treatment and understanding of various 
metastatic and carcinogenic mechanisms. 
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FOR MOLECULAR SUBGROUPS OF EPENDYMOMA
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Abstract: 
Ependymoma (EPN) is the third most common pediatric malignancy of the central nervous system. EPN subgroups 
represents nine molecular classes with distinct genetic, epigenetic, and clinical characteristics. In children, EPNs can 
be classified as supratentorial (ST) (ST- subependymoma, ST-YAP1, ST-RELA), posterior fossa (PF), subependymoma 
of the posterior fossa (PF-A, PF-B), or spinal (SP) (SP-subependymoma, SP-myxopapillary, SP-EPN). The majority 
of the transcribed genome that does not contain functional protein-coding sequences are known as long non-coding 
RNAs (lncRNAs). Considering that lncRNAs are arising as central regulators in oncogenesis and that their expression 
can be tissue and cellular-specific, the identification of lncRNAs that are subgroup-specific in EPN tumors is of great 
interest, and may provide new candidates that may be useful as diagnostic markers. For our analysis, total RNA of 10 
EPN samples (ST-RELA n=3, ST-YAP1 n=2 and PF-A n=5) were sequenced (RNA-seq) and compared between EPN 
molecular subgroups. LncRNAs gene annotations were downloaded from GENCODE Release 35 (GRCh38). Then we 
compared the differentially expressed lncRNAs with the public microarray GSE64415. To test if lncRNAs signatures 
were subgroup-specific, unsupervised hierarchical clustering and t-Distributed Stochastic Neighbor Embedding (t-sne) 
were performed. Survival analysis were carried out based on Kaplan-Meier curves and R2 (R2 Genomics Analysis and 
Visualization Platform) scan algorithm. Whole transcriptome analysis of our in-house generated RNA-seq revealed 
1059 mRNAs and 176 lncRNAs differently expressed in EPN ST-RELA, PF-A and ST-YAP1. When we compared our 
results to those from the GSE64415 dataset, we found five, three and one common lncRNAs with specific expression 
in ST-RELA, PF-A and ST-YAP1 respectively, using |Log2FoldChange|>1 & adj. p-value < 0.05 as a threshold for both 
analyses. Unsupervised hierarchical clustering and t-sne showed that the selected lncRNAs signature was able to cluster 
ST-RELA, ST-YAP1 and PF-A samples with high accuracy. Low expression of lncRNAs DICER1-AS1, NEBL-AS1, 
LINC01088, EMX2OS and high expression of HCG22 was associated with a worse survival (p < 0.05). In summary, our 
study showed lncRNAs with specific signature in EPN molecular subgroups, emerging as new diagnostic markers for 
this childhood tumor. In addition, once some lncRNAs exhibited clinical relevance, these candidates may can be useful 
for prognostic stratification or as possible targets for EPN treatment.
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Abstract: 
Adipose tissue is an essential endocrine organ, in addition to being an important site of energy storage. One of the critical 
factors for proper adipogenesis is poly(ADP-ribose) polymerase-1 (PARP-1), which regulates adipogenic transcription 
factors, such as PPARγ and C/EBPβ. In hypercaloric diet-exposed mice, ADP-ribosylation mediates obesity, adipocyte 
hypertrophy, and adipose tissue inflammation. Further, PARP-1 deletion caused increased hepatic fat accumulation and 
dyslipidemia. These characteristics are also seen in Congenital Generalized Lipodystrophy (CGL), a set of rare het-
erogeneous diseases characterized by a deficiency of subcutaneous adipose tissue (sWAT). Lipodystrophic individuals 
have low adiponectin (APN) levels, an adipokine with insulin-sensitizing, anti-atherogenic, anti-inflammatory, and 
antioxidant properties. In addition, PARP-1 is a transcriptional repressor of APN and its receptor AdipoR1, through 
the poly(ADP-ribosyl)action of PPARγ. We aimed to analyze PARP-1 gene expression and its relationship with APN 
levels in peripheral leukocytes obtained from type 2 CGL (CGL2) individuals. We collected blood from 20 CGL2 and 
29 healthy individuals and performed initial blood processing with plasma separation, followed by DNA extraction and 
quantification, in order to confirm CGL2 diagnosis through capillary DNA sequencing. Then, PARP-1 mRNA levels 
were analyzed through quantitative PCR. Western blotting for APN was done using the patients’ plasma. We found that 
leucocytes from CGL2 individuals had significantly lower expression levels of PARP-1 than controls (p<0.05). Further-
more, PARP-1 mRNA levels correlate negatively with APN levels in CGL2 leukocytes (p= 0.034). Our results indicate 
that PARP-1 may be a critical regulator of APN expression in CGL2. As PARP-1 has been related to adipocyte devel-
opment and function, its activity may also be modified in CGL2 cells. Further studies are needed to better understand 
the role of PARP-1 expression and activity in modulating APN functions in the context of a congenital generalized loss 
of sWAT.
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Abstract: 
Introduction: Cervical cancer is the fourth most common cancer among women worldwide. The persistence of human 
papillomavirus (HPV) infection, especially the high-risk ones (HPV16 and HPV18), is associated with the develop-
ment of precursor lesions of this tumor. However, only a small number of women with HPV develop cancer, indicating 
the action of other agents involved in the tumorigenesis process. Single nucleotide polymorphisms (SNPs) in inflam-
masome and cytokine genes have been associated with responses to viral infections and the development of neoplasms. 
Objective: The study aimed to investigate the relationship between interleukin 6 (IL6) gene SNPs with HPV infection 
and cervical intraepithelial neoplasia in patients from the Metropolitan Region of São Luís/MA. Methods: Prospective 
cross-sectional study with women attended at a Reference Health Service in São Luís/MA. Sociodemographic, health 
and cervical material data were collected. Genetic material (DNA) was extracted from a QIAamp DNA Mini and Blood 
Mini kit (QIAGEN, Valencia, CA), according to the manufacturer’s instructions, for the investigation of IL6 - ?174 G/C 
polymorphisms; rs 1800795 using real time polymerase chain reaction technique. Data analysis was performed with 
descriptive statistics using the chi-square test, using the IBM SPSS program version 24, per group, G1: without IL-6 
polymorphic allele (131 participants) and G2 (53 participants): with polymorphic allele IL-6. Results: 184 participants 
were evaluated with a predominance of the age group between 35 and 44 years in both groups (27.5% in G1 and 26.4% 
in G2), but without statistical significance (p>0.05). Regarding Sexually Transmitted Infections (STI), 77.1% did not 
present it in G1 and 79.2% did not present it in G2-p>0.05. As for HPV infection, 65.6% in 1 showed infection, as well 
as 77.4% in G2 also showed infection by HPV-p>0.05, with 22.9% in G1 and 17% in G2 of the HPV type high risk, 
respectively. In addition, 2.3% of patients had infection with LSIL, 0.8% with HSIL, 0.8% with ASC-H and 3.8% with 
ASC-US in the G1 group, while in G2 the participants had only infection. for ASC-H (3.8%) and ASC-US (5.7%), 
however with p>0.05. Conclusion: In this study, there was no association between IL-6 gene polymorphism with HPV 
infection and cervical intraepithelial neoplasia. Thus, more studies need to be reproduced with the same theme with a 
larger sample size in order to verify the mentioned relationship.
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Abstract: 
Introduction: Cervical cancer is a public health problem with approximately 570,000 new cases per year worldwide and 
is the fourth most common type of cancer among women. Risk factors such as age, first sexual intercourse, number of 
pregnancies, heredity and immunogenetic alterations are involved in the development of this complex process of tu-
morigenesis. Some studies suggest that cytokine polymorphisms such as tumor necrosis factor alpha (TNF alpha) and 
interleukin 6 (IL6) are associated with the tumorigenesis process, but the results remain controversial. Objective: To 
verify the prevalence of interleukin 6 polymorphism (rs1800795) in women with cervical cancer. Method: Prospective 
cross-sectional study with adult women (37 with cervical cancer and 127 healthy) attended at a Reference Health Service 
in São Luís/MA. Sociodemographic, health and cervical material data were collected. The genetic material (DNA) was 
extracted from the QIAamp DNA Mini and Blood Mini kit (QIAGEN, Valencia, CA), according to the manufacturer’s 
instructions, for the investigation of the IL6 -174G>C (rs1800795) polymorphism using the chain reaction technique 
of real time polymerase. Data analysis was performed using descriptive statistics and chi-square, by group: G1: women 
without cervical cancer and G2: women with cervical cancer. Result: 164 women participated in the present study (127 
G1 and 37 G2), with a mean age of 41.93±14.2 years. The investigation of IL-6 polymorphism (rs1800795) showed that 
in G1 68.5% (87/127) do not have the polymorphism (wild), 28.3% (36/127) are heretozygotes and 3.2% (4 /127) are 
homozygous for the polymorphism; in G2, 67.6% (25/37) were wild-type, 24.3% (9/37) were heterozygous and 8.1% 
(3/37) were homozygous for the polymorphism. In the statistical analysis between the groups, no significant difference 
was observed. Conclusion: The results suggest that there is no relationship between the IL-6 polymorphism (rs1800795) 
and the presence of cervical cancer in the studied sample. However, considering the low sample size and the functional 
characteristics of this cytokine, further investigations are suggested.
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Abstract: 
Monoclonal antibodies are the basis of several immunotherapies. They can be used as therapeutic entities or serve as 
modules to reconstruct chimeric or engineered molecules such as Chimeric Antigen Receptors, bispecific molecules, 
and antibody-drug conjugates. Antibody versatility allows the study of this molecule using antibody fragments such as 
single-chain fragment variable (scFv), which is the association of heavy and light chain variable domains linked by a 
linker peptide (VH-linker-VL). CD20 is a surface membrane protein present in B cells and a common target for many 
autoimmune and hematological diseases. Rituximab, an anti-CD20 immunoglobulin, was the first monoclonal antibody 
approved for cancer treatment and its clinical success has contributed to making this molecule one of the most studied 
biopharmaceuticals. Phage display is a useful strategy to discover and propose new monoclonal antibodies with en-
hanced properties, such as greater affinity and specificity for the target. This work aims to engineer the variable sequence 
of Rituximab and select different variations of its sequence with the highest CD20 affinity. For this, a gene library was 
built using error-prone PCR, in which mutations were randomly introduced in the sequence of the variable regions of the 
antibody. The PCR product was cloned into a phage display phagemid and transformed by electroporation into E. coli 
(TG1) bacteria to obtain an antibody fragment library that was submitted to selection using phage display. The protein 
variants were expressed on the surface of phages and incubated with a peptide that mimics the Rituximab’s epitope, 
coated in magnetic beads. The highest affinity clones were recovered after the removal of non-binding particles. After 
three rounds of selections, the sequence of the enriched clones was revealed by next-generation sequencing using the 
MiSeq Platform and data analysis was performed using the ATILLA pipeline. As result, a library size of 1x105 CFU was 
obtained and three scFv sequences were chosen based on the enrichment observed of 1947, 860, and 321-fold-change, 
compared to starting library. These sequences were cloned into an expression vector and will be characterized in the 
Octet platform to measure their affinity constant. These scFv´s with improved affinity might be applied to different im-
munotherapy strategies, including new monoclonal antibodies and CAR-based cell therapy.
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THE ROBO/SLIT SIGNALING PATHWAY IN PENILE CANCER:  
POSSIBLE ASSOCIATIONS WITH HPV INFECTION 
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Abstract: 
Penile cancer (PC) is most common in developing countries. Among the risk factors associated with these disease, 
infection with human papillomavirus (HPV) plays an important role. Currently, two carcinogenesis pathways are recog-
nized, one HPV-dependent and another HPV-independent. Gene expression changes affecting the Roundabout (ROBO) 
receptors and their SLIT ligands are associated with cell differentiation and cancer. In particular, the downregulation of 
ROBO and SLIT genes has been associated with increased cancer aggressiveness in multiple malignancies. The present 
work aims to determine the expression levels of ROBO and SLIT genes in penile cancer samples and adjacent healthy 
tissue samples, associating gene expression levels with HPV infection the tumor’s biological behavior. This quantita-
tive, transversal study included penile cancer and matched adjacent tissue from 75 patients, retrieved from the Maranhão 
Tumor and DNA Biobank. Patient data and clinical-pathological information (histological grade, tumor stage. perineural 
and lymphovascular invasion) were retrieved from stored medical records. Genomic DNA was extracted and used for 
nested PCR to detect HPV DNA. HPV genotypes were determined using the Anyplex II kit (Seegene). Total RNA was 
extracted, converted into complementary DNA and mRNA expression levels were determined using real-time quanti-
tative PCR for SLIT2, SLIT3, ROBO1, ROBO2 and ROBO4. Gene expression levels were analyzed using Mann-Whit-
neys’s test with p?0.05 as the significance level. 30.6% of patients had incomplete basic schooling and lived in inner 
state locations. All patients presented with squamous cell carcinoma and the most common histological subtype was 
condylomatous (50,0%). 61.8% were HPV+, and the most common genotypes were HPV11 and HPV16, with 60.0% of 
patients showing multiple HPV infections. There was a significant association between lower SLIT2 expression levels 
and the presence of perineural invasion (p=0,028) and between increased ROBO4 levels and the presence of lymphovas-
cular invasion (p=0,0303). There were no statistical differences between HPV+ and HPV- samples nor between tumor 
and adjacent tissue samples. Based on these results, PC remains strongly associated with HPV infection, and the role of 
low-risk genotypes like HPV11 deserves further clarification. The ROBO/SLIT pathway was not specifically associated 
with HPV+ or HPV- carcinogenesis. However, SLIT2 and ROBO4 gene expression levels were significantly correlated 
with the tumor’s biological behavior, suggesting these genes may be useful as prognostic markers. 
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BIOINFORMATICS PREDICTIONS AND SCREENING OF ADIPONECTIN LEVELS  
IN CONGENITAL GENERALIZED LIPODYSTROPHY
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Abstract: 
Congenital Generalized Lipodystrophy (CGL) is an autosomal recessive genetic disease in which there is a loss of 
subcutaneous adipose tissue (sWAT) throughout the body from birth. CGL type 1 (CGL1) and type 2 (CGL2) are the 
most reported pathogenic variants in the AGPAT2 and BSCL2 genes, respectively. In both types, there is a loss of met-
abolically active adipose tissue. On the contrary, mechanical adipose tissue is preserved in CGL1 compared to CGL2. 
Northeast Brazil presents the highest CGL prevalence worldwide. The main AGPAT2 variants related to CGL1 are 
c.570C>A (p.Tyr190*), c.517-588del (p.Gly106fs*188), c.646A>T (p.Lys216*) and c.589-2A>G (p.Gln196fs*228). 
Clinically, CGL individuals present hepatosplenomegaly, cardiomyopathies, insulin resistance, and type 2 diabetes 
caused by ectopic lipid deposition. Further, they have decreased levels of adipose tissue-secreted adipokines, such as 
adiponectin (APN), which has antioxidant, antiapoptotic, and antidiabetic properties. Thus, this research aimed to an-
alyze how different pathogenic variants in the AGPAT2 gene affect the functions of 1 AGPAT-2 through bioinformatics 
predictions and to compare APN plasma levels between CGL1 and CGL2 individuals. The 1 AGPAT-2 membrane to-
pology was performed using PSIPRED protein structure prediction server, and APN levels in plasma were determined 
by western blotting. The wild-type 1 AGPAT-2 protein, located within the endoplasmic reticulum (ER) membrane, 
presents four transmembrane domains, and its C-terminal region is directed to the cytosol. The c.570C>A (p.Tyr190*) 
variant preserves the four transmembrane domains but alters the entire protein reading frame, which also occurs with 
the c.517-588del (p.Gly106fs*188) variant. In the case of the c.646A>T (p.Lys216*), the 1 AGPAT-2 protein has only 
three transmembrane domains. However, its C-terminal residue is within the ER lumen instead of being directed to the 
cytosol. In the case of c.589-2A>G (p.Gln196fs*228) intronic variant, exon 5 is deleted, generating a protein with three 
transmembrane domains with the C-terminal residue also directed to the ER lumen. Regarding plasma APN levels, 
although both CGL1 and CGL2 individuals have low levels of this hormone, CGL1 had lower APN rates compared to 
CGL2 individuals. Our data revealed the altered amino acid sequence of 1 AGPAT-2 affects the tertiary structures and 
its transmembrane domains, including those related to its acyltransferase activity. Moreover, differences between APN 
levels in CGL individuals demonstrate the complexity of the regulation of the production of this hormone, which seems 
not to be dependent on sWAT mass. Further, additional studies are required to understand the molecular regulation of 
APN levels and its role in oxidative and ER stresses, depicting how low levels of APN affect CGL individuals.
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Abstract: 
Affecting about 70 million people around the world, epilepsies are defined by a neurological disorder characterized by 
episodes of sudden and recurrent behavioral changes, the so-called epileptic seizures. Among the epilepsies of structural 
etiology, the most common type of focal epilepsy is Temporal Lobe Epilepsy (TLE), which corresponds to about 40% 
of epileptic syndromes, besides presenting great clinical relevance due to high severity, presenting mesial sclerosis as 
an etiology in 50 to 70% of cases. Genes that are involved in epilepsies belong to different categories and can act in 
different ways in the process of epileptogenesis, in addition to the fact that individuals who have genetic mutations 
that cause abnormal brain development, progressive neurodegeneration, or neuronal metabolism disorders may present 
epileptic seizures. Due to the development of genetic technology, it was possible to identify several genes associated 
with epilepsy, evidencing that many of the 30,000 human genes may be associated with this pathology through genetic 
changes or alterations in gene expression. Thus, the objective of this study was to perform functional analysis based 
on the Gene Ontology, using the David database and with significance of p < 0.005; Perform the analysis of hubgenes 
through investigation of functional modules using STRING and Molecular Complex Detection (MCODE) and Analyze 
the activating or repressive pathways of the transcription using the TRRUST database. For this purpose, our research 
used in the methodology bioinformatics programs such as the base in Gene Ontology, using STRING, Molecular Com-
plex Detection (MCODE) and TRRUST database to analyze the 10 differentially expressed and most studied genes in 
Temporal Lobe Epilepsy, which are: GFAP, GluR2, GluR1, NR1, GABBR1a, NR2A, AQP4, MDR1, BDNF and GluR3, 
which even show overexpression in epileptogenesis. Enriched and functional analyses of all genes resulted in four 
functional pathways, which are: a) neuroinflammation and glutamatergic signaling; b) synaptic modulation; c) synaptic 
transmission and positive regulation of synaptic transmission and d) spinal cord injury. MCODE analyses resulted in 
NMDA receptor unlocking, glutamate binding and activation; ionotropic glutamate receptor signaling pathway and 
ionic channel signaling pathway controlled by binder. Thus, it can be observed that the ten associated genes encode 
proteins related to some neurological function, as well as their expressions are related to Temporal Lobe Epilepsy. Thus, 
we can conclude that analysis of genes and protein interactions can help unravel biochemical complexes and molecular 
pathways involved in the epileptogenic process.

Palavras-chave: Pharmacoresistant Epilepsy; Hippocampal Sclerosis; Bioinformatics; Genes; 

128

GENÉTICA HUMANA, MÉDICA  
E FARMACOGENÉTICA
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Abstract: 
Talisia esculenta is native plant from Brazil northeastern, and it known as Pitombeira. It has an economic potential due 
to its fruit and the leaf medicinal potential use by folk medicine. Despite its applications, there is a lack of studies evalu-
ating the pharmacological potential and its toxicity. Then, the aim of this work was to identify the bioactive compounds 
present on the plant extracts and to measure phytochemical composition, the antioxidant activities, and cytotoxicity 
of the hydroethanolic extract and infusion obtained from leaves and fruit peel. The extracts analyzed here were leaf 
hydroethanolic extract (HF), leaf infusion (IF), fruit peel hydroethanolic extract (HC), and fruit peel infusion (IC). The 
results obtained showed that the phenolic compound contents were similar for leaves extracts (HF and IF), and the same 
occurred for the peels extracts (HC and IC). For flavonoids it was verified that both leaves and fruit peel presented these 
bioactive molecules in their composition, however, the leaf extracts had a higher concentration than compared to fruit 
peel extracts. Based on the phenolic composition, then it was evaluated the antioxidant potential from these extracts. The 
in vitro antioxidant potential was evaluated through DPPH radical scavenging, total antioxidant capacity (TAC), and 
copper chelation assays at concentrations different extract concentration (50, 100, and 250 µg/mL). The results showed 
that both HF, and IF had CAT activity from 33.37 and 46.09 mg AAE/mg of Ext. In addition, for HC and IC the values 
were 28.11 mg AAE/mg Ext. and 32.14 mg AAE/mg Ext. respectively. In addition, for DPPH assay, the leaf extracts 
reached about 80% of DPPH radical scavenging, a similar result was observed for fruit peel but in a dose-dependent 
manner. The four T. esculenta extract analyzed here showed an outstanding activity in copper chelation assay reaching 
80% of chelation at the highest concentration tested used (250 µg/mL). Based on this antioxidant potential, then it was 
analyzed the cytotoxicity potential by treating 3T3 cell line (mouse fibroblasts) with these extracts. To make this, three 
extracts concentration were evaluated (50, 100, and 250 µg/mL) on 3T3 cells by MTT assay. Moreover, the results 
obtained showed that the extracts were not cytotoxic, since they did not reduce the cell viability by MTT measured. 
Altogether, the results obtained with this work proposed that T. esculenta extracts may have a potential to be used as a 
source of antioxidant compounds, with promising capacity for its application in new studies for both pharmacological 
and biotechnological purposes.
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Abstract: 
Breast cancer is the most common cancer and the second leading cause of death among women worldwide. It has a 
multifactorial etiology, including genetic and extrinsic factors, such as obesity. Due to its histological diversity, breast 
cancers may be also classified according to immunohistochemistry patterns as Luminal A and B, HER-2+, and tri-
ple-negative. Such classification is used to define the prognosis and treatment response. One of the main problems in 
breast cancer is the late diagnosis, resulting in a high mortality rate. Recently, the use of circulating miRNA as biomark-
ers in liquid biopsies has shown to be a promising tool in the diagnosis, treatment, and prognosis of advanced-stage 
breast tumors. Considering the above, the present work aims to evaluate the expression of five miRNAs (miR-155-5p, 
miR-21, miR-342-5p, miR-222, and miR-210) in tumoral mammary tissue and blood plasma of breast cancer patients, 
and their association with clinicopathological characteristics. Tumoral and peripheral blood samples from 196 patients 
with locally advanced ductal mammary carcinoma were used. For control purposes, blood samples and mammary tissue 
from women with no history of cancer submitted to mammoplasty were collected. Samples were submitted to RNA 
extraction and subsequently to qRT-PCR for miRNA expression quantification. All procedures were approved by the 
Ethics Committee on Human Research of The Ophir Loyola Hospital, (protocol 2.798.611/2018). Although all miRNAs 
were up-regulated in both tumoral mammary tissue and plasma, miR-21, miR-342-5p, and miR-210 showed similar 
expression levels between tumor tissue and blood plasma samples, suggesting they may be good biomarkers in liquid 
biopsy. Despite no association being observed between miRNAs expression and clinical characteristics of the studied 
patients, the up-regulated expression of miR-21, miR-342-5p and miR-210 were associated with tumor aggressiveness 
characteristics, such as Ki-67 expression, negative expression of hormonal receptors, and tumor clinical stage. The 
results suggest miR-21, miR-342-5p and miR-210 can be used in liquid biopsy of locally advanced breast tumors pa-
tients, and are able to differentiate more aggressive tumors, such as triple-negative subtype, and thus can be considered 
prognostic markers.
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Abstract: 
Chagas Disease is an endemic zoonosis in 21 Latin American countries, found in about 6 to 8 milion individuals, caused 
by a flagellated protozoan Trypanosoma cruzi. Although the main transmission routes of the disease are vectorial, 
transfusional and transplacental, recent studies have proven the T. cruzi ability to integrate his genetic material, kDNA, 
of a specific region of its mitochondria, Kinetoplast, into your host’s genome. This work objective was to identify the 
presence of T. cruzi kDNA in semen samples from individuals with confirmed infection (PCR positive for both nDNA 
and kDNA’s T. cruzi in somatic cells) belonging to three families residing in São Felipe, municipality of Bahia. Semen 
samples from 8 individuals were evaluated and 6 of these had T. cruzi kDNA in their biological material. The findings 
of this study demonstrate not only the ability of the parasite to integrate his genetic material into reproductive cells, but 
also indicate the possibility of transferring his DNA in the descendants of the evaluated individuals, making it necessary 
to deepen this study to prove the transfer of genetic material from the father to his children and over several generations.
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Abstract: 
p16INK4a and p21WAF1/Cip1 are inhibitors of cyclin-dependent kinases involved in cell cycle control, which can function as 
oncogenes or tumor suppressors, depending on the context of a variety of extracellular and intracellular signals and the 
cell type considered. In HPV-induced cervical cancer, while p16INK4a shows oncogenic activity functioning as a diagnos-
tic marker of cervical neoplasia, p21WAF1/Cip1 acts as a tumor suppressor and is under expressed, a condition that is associ-
ated with the progression of malignant transformation. Although several histone deacetylase inhibitors (HDACi) affect 
the expression of several genes, including p16INK4a and p21WAF1/Cip1genes, the effects of an HDACi like sodium valproate 
(VPA) on these genes and on the proteins they encode are still unknown in HeLa cells, an important model of cervical 
cancer. Therefore, in this work we investigated such effects in HeLa cells cultivated in the presence of 0.5 mM and 2 
mM VPA for 24 h. The methodology used involved RT-qPCR to investigate transcribed mRNA levels, and confocal 
microscopy and Western blotting to evaluate protein abundance. We detected a decrease in mRNA levels and protein 
abundance related to the p16INK4a gene in the cells cultivated in the presence of 2 mM VPA and an increase in p21WAF1/

Cip1 protein abundance in the presence of 0.5 and 2 mM VPA. Concomitantly, inhibition of HDAC activity and global 
hyperacetylation of histone H3 induced by VPA treatment were confirmed. These results indicate that VPA can promote 
arrest in the G1 phase of the cell cycle by inducing the activation of the p21WAF1/Cip1 tumor suppressor protein. Because 
VPA also induced repression of p16INK4a, a gene participating in oncogenic activity in cervical cancer, it is assumed that 
present findings may contribute to the basic knowledge regarding the antitumorigenic potential of VPA. 
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Abstract: 
Multiple Symmetric Lipomatosis (MSL), also known as Madelung’s disease, is a rare genetic syndrome associated with 
mitochondrial disturbs. It is phenotypically characterized by non-encapsulated lipomatous masses, mainly in the neck 
and trunk regions. These masses are commonly associated with axonal neuropathy and metabolic complications. MSL 
etiology is due to a pathogenic variant (c.2119 C>T, p.Arg707Trp) in the MFN2 gene, which encodes mitofusin 2, a 
mitochondrial outer membrane protein. It has been observed that excessive alcohol consumption may be associated with 
the accelerated progression of MSL. In addition, several other pathogenic variants in the MFN2 gene cause an axonal 
neuropathy called Charcot-Marie-Tooth type 2A (CMT2A). MSL presents a heterogeneity in the chronology of the 
appearance of the manifestations, clinical characteristics, and even their severity. This work aimed to diagnose patients 
with MSL type 1 and provide epidemiological data about this underdiagnosed disease in Northeast Brazil. The meth-
odology of this research was: blood collection and DNA extraction, amplification of a specific sequence of the MFN2 
gene by polymerase chain reaction, and capillary DNA sequencing, according to the Sanger principle. We confirmed the 
first MSL individual in Northeast Brazil who presented the c.2119C>T variant in the MFN2 gene. The next step is to 
correlate clinical, metabolic, and molecular data to unravel the pathophysiology of MSL. 
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Abstract: 
Introduction: Leprosy is a chronic neurodermatological disease caused by the bacillus Mycobacterium leprae, which 
can cause skin lesions and nerve damage. Recent studies show that single nucleotide polymorphisms (SNPs) in genes 
related to microRNAs (miRNAs) have been associated with several diseases, including mycobacterial diseases such as 
leprosy, in different populations.Objectives: This study aimed to evaluate the association of nine SNPs in miRNAs and 
miRNAs-machinery genes: rs12894467(MIR300), rs6505162 (MIR423), rs2368392 (MIR604), rs2368392 (miR938), 
rs1834306 (MIR100), rs639174 (DROSHA), rs56103835 (MIR453), rs636832 (AGO1), and rs2910164 (MIR146A) re-
lated to biological processes and immune response with susceptibility to leprosy in the Brazilian Amazon. Methods: 114 
leprosy patients and 71 household contacts were included in this study. Genotyping was performed by TaqMan® Ope-
nArray™ Genotyping System, using DNA extracted from blood samples. Ancestry-informative markers were used to 
estimate individual proportions of case and control groups. Hardy-Weinberg Equilibrium (HWE) was assessed by Chi-
squared test corrected by the FDR method and multiple logistic regressions between groups were performed in SNPassoc 
package v.1.9-2, considering the dominant, recessive, and codominant models. After correcting possible confounding 
factors (age and sex), the P ≤ 0.05 was considered statistically significant. Results: Clinical and demographic data such 
as age, sex, and genetic ancestry of the case and control groups were compared to verify possible confounding factors. 
We did not observe statistically significant differences in the variables age and sex. The population structure showed that 
the mean frequency of European ancestry was higher in the group of patients ( p = 0.007), while the mean frequency of 
African ancestry was higher in the group of healthy individuals ( p = 0.012). The distribution of all SNPs was in HWE. 
According to the results, the SNP rs2505901 ( pre-mir938 ) was associated with a decreased risk of leprosy in both the 
dominant ( p = <0.01; OR = 0.40; 95%CI = 0.20-0.81) and recessive model ( p = 0.03 OR = 0.41; 95%CI = 0.18 - 0.95). 
The SNPs rs639174 ( DROSHA ) and rs636832 ( AGO1 ) were also associated with decreased risk of leprosy in the 
dominant model ( p = 0.02; OR = 0.45; 95%CI = 0.23-0.89 and p = 0.01; OR = 0.45; 95% CI = 0.23-0.89, respectively). 
We did not find associations between the other markers and the susceptibility to leprosy development. Conclusion: Our 
results demonstrated that genetic variants in the miRNA gene miR938 and in machinery-miRNAs genes DROSHA and 
AGO1 were significantly associated with the development of leprosy in the Amazonian ethnic admixed population. The 
findings may provide valuable information for a better understanding of how genetic factors influence the disease, with 
the potential to find predictive markers of the development of leprosy in this population.
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HOST GENETICS ASSOCIATION WITH COVID-19 SEVERITY - A SYSTEMATIC REVIEW
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Abstract: 
Introduction: Since its emergence in Wuhan (China) in the second half of 2019, SARS-CoV-2 virus (COVID-19) has 
spread rapidly around the world, causing the largest pandemic of the century so far. Variability in the clinical expression 
and outcomes of COVID-19 has been associated with host factors such as age, sex, comorbidities, ethnicity, and socio-
economic status. The host genetic factors also play an important role in the pathophysiology of SARS-CoV-2, being 
able to influence severity and disease progression.Objectives: In this study, we performed a systematic review order 
to identify candidate genes in genetic association studies conducted in different populations that may be related to the 
severity of COVID-19. Methods: Following PRISMA guidelines, we searched for all relevant articles published up to 
June 2022 from four online databases: PubMed, Scielo, Google Scholar, and WHO Global Research on COVID-19. The 
search terms used were: severity AND COVID-19 AND gene OR allele OR polymorphism OR SNP OR variant OR ge-
netic. Case-control genetic association studies published in English in a peer-reviewed scientific journal were included 
in the analysis to identify the genetic variants previously investigated. Reviews were excluded. Results/Discussion: A 
total of 14 articles were identified. After screening, 6 full articles remained available in the current systematic review. 
Meta-analysis could not be performed. The SNV variant H159Y of the TNFRSF13 gene is related to increased NF-kB 
activation and B-cell production and was found significantly in patients with severe cases of COVID-19 in population 
of southern italy. The SNP rs12252 of the IFITM3 gene was associated with severity in relation to hospital admission 
and mortality in Saudi patients. The protein encoded by IFTM3 plays an important role in the adaptive and innate 
immune response. The SNPs rs2285666 and rs2106809, in ACE2 gene, were associated with the severity of disease, 
while rs2074192 and rs1978124 showed a protective effect for this condition on a population sample from Iran. The 
DD genotype and frequency of D allele in ACE1 gene were significantly associated with severe COVID-19 in patients 
with older age (≥46 years) and comorbidities in Turkish patients. Angiotensin-converting enzyme 1 (ACE1) converts 
angiotensin I to angiotensin II which was further metabolized by Angiotensin-converting enzyme 2 (ACE2). The ACE2 
receptor bound to SARS-CoV-2 facilitates its entry into the host cell, and the imbalance between these two receptor 
molecules play a crucial role in the pathogenesis of COVID-19. The variant rs2070788 in the TMPRSS2 was associated 
with case fatality rate among Indian population. The TMPRSS2 gene encodes a serine protease enzyme that helps the 
entry of various viruses into host cells by proteolytic cleavage. Conclusion: So far there is evidence that polymorphisms 
in TNFRS12, IFTM3, ACE1, ACE2 and TMPRSS2 are associated with severity of COVID-19. We conclude that further 
studies are needed on the genetic mechanisms related to the severity of COVID-19 in other populations. We did not 
identify any studies conducted in Brazil or in other Latin American countries.
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Abstract: 
Introduction: Obesity is a chronic disease characterized by excessive body weight in relation to height, which is a con-
sequence of long-term imbalance between caloric intake and expenditure. Obesity is triggered by a complex interplay of 
genetic and environmental factors. In this context, uncoupling protein 2 (UCP2) and peroxisome proliferative activated 
receptor gamma coactivator 1 alpha (PPARGC1A) are candidate genes to study the pathogenesis of obesity since they 
participate in the regulation of energy metabolism. Aims: To evaluate Ucp2 and Ppargc1a gene expressions in visceral 
(VAT) and subcutaneous (SAT) adipose tissue of C57BL/6 mice fed with cafeteria diet (CAFD) and control mice fed 
with a standard diet (SD). Methods: Forty C57BL/6 mice were assigned to two different study groups: CAFD (n=20) 
and SD (controls, n=20). After 16 weeks of follow-up, VAT and SAT samples were collected, RNA was extracted and 
the Ucp2 and Ppargc1a expressions were assessed using RT-qPCR technique. The Ethics Committee on Animal Use at 
Hospital de Clínicas de Porto Alegre approved this study under the 2017-0251 number. Results: Ucp2 expression was 
increased in VAT and SAT of CAFD animals compared to SD group (VAT: 1.52 ± 0.21 vs 0.32 ± 0.04, fold changes, P 
<0.0001; SAT: 1.11 ± 0.12 vs 0.79 ± 0.11; P= 0.039). Moreover, Ppargc1a expression was lower in SAT of CAFD mice 
compared to SD animals (0.48 ± 0.06 vs 1.18 ± 0.64; P <0.0001). VAT Ucp2 expression was positively correlated with 
SAT Ucp2 expression and negatively correlated with Ppargc1a expression. Circulating leptin and insulin levels, del-
ta-weight, Lee Index, and homeostasis model assessment-insulin resistance (HOMA-IR) were positively correlated with 
Ucp2 expression both in SAT and VAT (all P > 0.05). In addition, the Ucp2 expression in VAT was positively correlated 
with glucose levels after an oral glucose tolerance test. Interestingly, Ppargc1a expression was negatively correlated 
with all the analyzed variables described above, excepting insulin levels. Conclusion: Our data demonstrate that Ucp2 
(in VAT and SAT) and Ppargc1a (in VAT) expressions are altered in mice fed with CAFD. Furthermore, expressions of 
these genes correlated with anthropometric, glycemic, and insulin resistance parameters.
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Abstract: 
Epilepsy is a neurological disease, characterized by neuronal hyperactivity as excessive involuntary electrical discharg-
es. It affects between 0.5% and 1% of the general population. Its treatment consists of the use of specific anticonvulsant 
drugs, with phenobarbital, valproate, and carbamazepine being the most common. In pregnancy, anticonvulsants can 
have negative outcomes for the pregnant woman and fetus, including the risk of congenital anomalies (CA). Therefore, 
monitoring and clinical characterization of CA in newborns (NB) of mothers with epilepsy is important to prevent CA 
and improve safety in prescribing these drugs. Thus, the goal was to identify the frequency of pregnant women with ep-
ilepsy, perform clinical and epidemiological characterization of CA in NBs of these mothers. After signing the ICF, we 
collected data from pregnant women with epilepsy (cases) and healthy women (controls) and their NBs respectively, in 
two maternity hospitals of two teaching hospitals, classifying them according to the medications used and the CAs found 
in the NBs. The NBs underwent detailed clinical evaluation 24 hours after birth according to the modified Merk protocol 
for classification into major and minor CAs. Then, analyses were performed comparing data from cases and controls. 
We classified CAs into major anomalies (MA) and minor anomalies (mA). The research evaluated 2299 mothers and 
their respective NBs. We analyzed data from 224 women, 10 cases and 214 controls. The frequency of epilepsy during 
pregnancy was 0.43%. About 70% of mothers used anticonvulsants, with phenobarbital and clonazepam, followed by 
carbamazepine, being the most common. Although higher in cases (70%) than in controls (46%), the frequency of MA 
did not differ between groups (p=0.13). Half of the NBs in the cases had MA (flat hemangioma, oligodactyly in upper 
limbs and short neck) and 30% mA (localized hyperpigmentation and diastasis of the rectus abdominis). The frequency 
of MA and mA in the control group was 7.5% and 9.8%, respectively. The variables maternal age, GA, weight, length, 
head circumference, weight/GA ratio and sex did not differ between cases and controls. However, cases had a higher 
frequency of family history of CA than controls (p= 2.20E-16). Despite of the small sample size of cases, the frequency 
of epilepsy in pregnancy was similar to that in the literature. However, the frequency of CA was not higher in NBs of 
the cases than in NBs of controls. It is important to control epilepsy during pregnancy and due to the risk of CA and 
other negative outcomes, regulatory organisms suggest CA monitoring and increased stringency to improve the safety 
in prescribing anticonvulsants.
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Abstract: 
Patients with rare genetic diseases encounter a series of challenges in their medical follow-up and the emergence of 
COVID-19 pandemic amplified this difficult scenario due to its consequences to the health care system. Therefore, the 
present study aimed to investigate the consequences of COVID-19 pandemic on health care access of people with rare 
genetic diseases. A descriptive observational study of the cross-sectional type was carried out within the scope of qua-
li-quantitative research. The study population included 50 patients with rare genetic diseases residing in Rio Grande do 
Norte state, of which 43 were unrelated, 32 male and 18 female. Each included patient and/or its caregiver was informed 
about the objectives and methods involved in the study and, after their consent, a standardized questionnaire was applied 
to investigate the implications of COVID-19 pandemic on health care access and other specific conditions regarding 
their treatment. The ethical aspects of this research were evaluated and approved by the Institutional Research Ethics 
Committee. The genetic diseases among the included patients varied between Becker muscular dystrophy (n=2; 4%), 
Duchenne muscular dystrophy (n=20; 40%), LAMA2 muscular dystrophy (n=1; 2%), Fabry disease (n=2; 4%), Pompe 
disease (n=1; 2%), late-onset Pompe disease (n=1; 2%), fructosemia (n=2; 4%), congenital adrenal hyperplasia (n=1; 
2%), mucopolysaccharidosis type I (n=4; 8%), mucopolysaccharidosis type IV (n=3; 6%), mucopolysaccharidosis type 
VI (n=9; 18%) and atypical hemolytic uremic syndrome (n=1; 2%). The results’ analysis revealed that the pandemic pro-
voked several setbacks on patient’s treatments, such as adjournments (n=31; 65,1%) and cancellations (n=14; 29,4%), 
surgeries and/or transplants cancellations (n=2; 4,3%), lack of medicine to the specific genetic disease (n=4; 8,3%) and 
the adjournments or cancellations of presential medical appointments (n=43; 86%). Furthermore, a high percentage of 
the included patients or their caregivers reported impairments in their health (n=24; 53,3%), well-being (n=37; 82,2%). 
One (2,2%) also reported impairment in the resolution of potentially fatal problems. The majority reported suffering 
feelings of threat due to the pandemic (n=30; 60,0%) and loneliness or isolation (n=42; 84,0%), Some also experienced 
complications of the diseases, such as progression of muscle weakness (n=3; 6,0%), worsening dyspnea (n=3; 6,0%) 
and increased levels of whole-body pain (n=1; 2,0%). It was noticed that the majority (n=33; 66,0%) attended telecon-
sultations and/or online follow-ups and even felt more assisted/supported by these new modalities. The majority (n=40; 
80,0%) also considered teleconsultations resolutive or partially resolutive, evaluating them as a good alternative to keep 
in touch with health care professionals. This research’s results indicate that the COVID-19 pandemic had important 
impacts in health care access of the evaluated patients, such as cancellations and adjournments in treatment, and that the 
teleconsultations and/or online follow-ups were essential modalities for a good assistance during this period.
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Abstract: 
Leprosy is an old chronic granulomatous disease resulting from an infection by Mycobacterium leprae, affecting periph-
eral nerves and skin. The disease is still a public health problem, and its physiopathology is not completely understood. 
It is known that several factors significantly increase the risk of developing the disease, such as immunological, socio-
economics, genetic and epigenetic factors. The latter two need to be better explored in order to be used as biomarkers 
for early diagnosis and treatment. The aim of this work was to analyze the total RNA expressed in samples of leprosy 
patients and a endemic control group. In this study, 37 blood samples were collected from 18 leprosy (LP) patients (7 
multi-bacillary -MB- and 11 pauci-bacillary -PB-) before starting MDT treatment at the Dr. Marcello Candia Reference 
Unit in Sanitary Dermatology of the State of Pará, in Marituba, Brazil, and 19 household contacts (individuals without 
leprosy and with no other diseases) as control samples. After RNA extraction, 37 libraries were synthesized and se-
quenced using a NextSeq 500 System (Illumina, USA). Expression quantification was scored with htseq-count v0.6.0 
based on STAR v2.6.1 alignments and the results were normalized and analyzed using Bioconductor-DESeq2 v1.32.0 
package with R statistical software. Adjusted p value ≤ 0.05 and a Log2 Fold Change >1, were both considered statis-
tically significant. Differential expression analysis revealed 84 differentially expressed genes (DEG) in LP patients, 82 
genes upregulated and 2 genes downregulated. DEGs were also found between MB vs. PB patients but not between PB 
vs. Control. Among DEGs, genes that participate in apoptosis processes were found, specifically with anti-apoptotic ef-
fects, including KANK2, BCL2L1 and DYRK3; cell cycle control such as E2F2, PIM1, RBM38 and TRIM8; inhibition of 
basal autophagy like RPIA; regulation of the immune system as MARCH8; and differentiation and structure of erythro-
cytes such as SLC4A1, SPTB, TRIM10, DMTN and others, being all upregulated in MB patients. These terms were also 
enriched in Gene Ontology analyses through the LRT test. Additionally, T-receptor signaling and ubiquitin-mediated 
proteolysis pathways, which participate in events for an efficient immune and inflammatory response, cell cycle regu-
lation, control of signal transduction, development and differentiation, were found to be enriched in KEGG pathways 
analysis. In summary, blood transcriptome reveals new aspects of leprosy immunophysiopathology, particularly on 
regulation of apoptosis, cell cycle control, immune system and differentiation and structure of erythrocytes in leprosy 
patients, as well as possible candidates genes to be biomarkers for the disease.
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Abstract: 
Lipodystrophies are a set of rare genetic diseases associated with the loss of subcutaneous adipose tissue (sWAT). 
Among them, type 3 familial partial lipodystrophy (FPLD3) has a challenging diagnosis since its metabolic profile 
is similar to type 2 diabetes mellitus. Cardiometabolic complications are usually severe in FPLD3. The misdiagnosis 
of this rare disease, associated with the FPLD3 underdiagnosis, is mainly due to the scarcity of epidemiological data 
and the lack of knowledge by health professionals in Brazil. FPLD3 is characterized by the general or partial absence 
of sWAT in specific body regions, such as the upper and lower limbs. This is accompanied by deposition of sWAT in 
particular areas, such as the neck and abdomen. However, the molecular mechanisms related to this specific pattern of 
sWAT deposition have not yet been clarified. FPLD3 is molecularly associated with pathogenic variants in the PPARγ 
gene. This work aims to genetically diagnose FPLD3 individuals and provide epidemiological data on the syndrome in 
Brazil. This research was approved by the Research Ethics Committee from Universidade Federal do Rio Grande do 
Norte. For this purpose, we reached bibliographic analysis, collected blood samples from suspected FPLD individuals, 
achieved next-generation DNA sequencing (NGS), and designed primers to confirm the NGS reports by capillary DNA 
sequencing. We also performed bioinformatics predictions for studying the pathogenic potential of the variant using 
PROVEAN and Poly-Phen 2 tools. We found a new PPARγ pathogenic variant located within the AF-1 domain. Bioin-
formatics predictions confirmed its higher pathogenic potential, which corroborates with the clinical features of the first 
FPLD3 case from Northeast Brazil.
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Abstract: 
Mutations in the TP53 gene are the most common genetic alterations in human malignant tumors and are primarily re-
sponsible for Li-Fraumeni Syndrome. Several cancers can be related to this syndrome, the most common being breast 
cancer. The p.R337H mutation of the TP53 gene has a high prevalence in the South and Southeast regions of Brazil, 
where its presence was observed in about 8% of the population with breast cancer. Despite the high incidence of muta-
tions in the TP53 gene in these regions of Brazil, the prevalence in the Midwest region is practically unknown. There-
fore, the present study took the initiative to describe, for the first time, the prevalence of mutations and polymorphisms 
of the TP53 gene in patients with breast cancer in central Brazil. We analyzed 83 breast cancer patients, all met the 
clinical criteria for hereditary breast and ovarian cancer syndrome (HBOC) and were negative for BRCA1 and BRCA2 
mutations. Among the patients, 4 (4.8%) carriers of germline mutations in the TP53 gene by next generation sequenc-
ing, three missense mutations, p.Arg248Gln, p.Arg337His and p.Arg337Cys and an E2-11 deletion were identified. Six 
polymorphisms were analyzed by Sanger Sequencing, three of the best known of the TP53 gene: PIN2, PIN3 (16bp 
duplication) and PEX4 and three polymorphisms with few reports in the literature: c.96+58G>A, c.97-29C>A and c.97-
6C>T. The deleterious mutation found E2-11 was confirmed by the MLPA technique. This is a serious alteration, an 
almost total deletion of the TP53 gene that is being described for the first time in this study. Despite the p.Arg337His 
mutation being very frequent in some regions of Brazil, in this work it represented approximately 1.2% (1/83) of the 
population studied. This study reinforces the hypothesis that the founder haplotype of the p.R337H mutation emerged in 
the South region and passed through the Southeast, which justifies the high incidence of this mutation in these regions. 
Therefore, despite the high frequency of the p.R337H mutation in Brazil, the detection of other variants and a new 
mutation in the Midwest highlights the need for a diagnosis not only of R337H, but of the complete TP53 gene. It is 
noteworthy that the four patients carrying the pathogenic mutations have a family history suggestive of HBOC. There-
fore, in addition to screening tests for BRCA1 and BRCA2, the diagnosis of TP53 gene mutation should also be offered 
to patients at high risk for HBOC.
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Abstract: 
Introduction. Zinc (Zn2+) plays an essential role in the synthesis, storage and stability of insulin, as well as in the auto-
crine and paracrine regulation of insulin and glucagon secretion; therefore, Zn2+ plays a crucial role in diabetes mellitus 
(DM). Zinc transporter 8 (ZnT8), located in the membrane of insulin vesicles in pancreatic beta cells, is responsible 
for transporting this metal from the cytosol to the lumen of these vesicles. Furthermore, it is known that ZnT8 activity 
is dependent on the lipid environment and affected by Zn2+ load during insulin granule biogenesis. In this context, 
several polymorphisms in the SLC30A8 gene, which encodes ZnT8, seem to be associated with DM. Among them, the 
rs2938864 (SLC30A8) polymorphism has been associated with fasting insulin and insulin resistance (IR) in patients 
with type 2 DM. Objective. To evaluate the association between the rs2938864 (G/A) polymorphism in the SLC30A8 
gene and type 1 DM (T1DM). Methods. This study included, so far, 430 T1DM patients (cases) and 460 non-diabetic 
individuals (controls). Genotyping of the rs2938864 (G/A) polymorphism was performed using the allele discrimination 
technique by real-time PCR with TaqMan probes. Results. Genotype frequencies of the rs2938864 polymorphism were 
in Hardy-Weinberg equilibrium in the control group (P > 0.050). The frequency of the A allele was 46.6% in cases and 
47.5% in controls (P = 0.75). Genotype frequencies did not differ significantly between groups (P = 0.075). However, 
after adjusting for ethnicity and HLA DR/DQ haplotypes of high-risk for T1DM, the G/A genotype was associated with 
protection for T1DM (OR: 0.654; 95% CI: 0.445-0.960; P = 0.030). In T1DM patients, the A allele was associated with 
higher LDL (G/A+A/A: 106.9 ± 39.1 vs. G/G: 94.5 ± 37.8 mg/dL; P = 0.012) and total cholesterol (G/A+A/A: 185.5 
± 51.2 vs. G/G: 173.3 ± 44.5 mg/dL; P = 0.033) levels, independently of body mass index. Conclusion. This is the first 
study that evaluated the association of the SLC30A8 rs2938864 polymorphism in patients with T1DM, suggesting that 
the G/A genotype is associated with protection against this disease and the A allele is associated with higher levels of 
total and LDL cholesterol.

Palavras-chave: type 1 diabetes mellitus; Zinc transporter 8; rs2938864; ; 

Support / Acknowledgment 
FIPE-HCPA, CAPES, CNPq, FAPERGS

142

GENÉTICA HUMANA, MÉDICA  
E FARMACOGENÉTICA



HLA-DRA POLYMORPHISMS AND PROTEIN DIVERSITY  
IN WORLDWIDE POPULATIONS

Raphaela Neto Pereira1,2; Nayane dos Santos Brito Silva1,2,8; Michel Satya Naslavsky4,5,6; Mayana Zatz4,5; Celso 
Teixeira Mendes-junior7; Erick da Cruz Castelli1,3 
1. São Paulo State University (UNESP), Molecular Genetics and Bioinformatics Laboratory - Experimental Research Unity, 
School of Medicine (UNIPEX), Botucatu, State of São Paulo, Brazil.; 2. São Paulo State University (UNESP), Bioscence Institute 
of Botucatu (IBB), State of São Paulo, Brazil.; 3. São Paulo State University (UNESP), Pathology Program, School of Medicine 
(FMB), Botucatu, State of São Paulo, Brazil.; 4. Human Genome and Stem Cell Research Center, University of São Paulo, São 
Paulo, SP, Brazil.; 5. Department of Genetics and Evolutionary Biology, Biosciences Institute, University of São Paulo (USP), 
São Paulo, State of São Paulo, Brazil.; 6. Hospital Israelita Albert Einstein, São Paulo, State of São Paulo, Brazil.; 7. Department 
of Chemistry, School of Philosophy, Sciences and Letters of Ribeirão Preto, University of São Paulo (USP), Ribeirão Preto, 
State of São Paulo, Brazil.; 8. Center for Research in Transplantation and Translational Immunology, UMR 1064, Inserm, Nantes 
Université, Nantes, France.

Abstract: 
HLA-DRA is a classical human leukocyte antigen (HLA) class II gene that encodes the alpha chain of the HLA-DR 
molecule. HLA-DR binds peptides from exogenous origin and presents them on the cell surface to CD4+ T lympho-
cytes. Currently, there are 32 known sequences (alleles) for HLA-DRA in the Immuno Polymorphism Database (IMGT/
HLA), encoding five proteins. Most of the HLA-DRA variable sites are intronic. However, HLA-DRA was not evaluated 
in large population samples, and its genetic diversity might be underestimated. Therefore, we applied a state-of-the-art 
method to align sequences and call SNPs and haplotypes, which minimizes alignment errors commonly observed for 
gene families such as HLA genes, to characterize SNPs and haplotypes in 5.347 samples from 80 different populations, 
including 1.322 from Brazil. We identified 340 variable sites across HLA-DRA, most rare and coinciding with introns. 
Only 18 of these variants occur in exons, with nine configuring missense variants (2 with minor allele frequency > 1%). 
These two frequent missense variants seem not to interfere with antigen presentation. Variant rs16822586, in exon 1, 
exchanges an amino acid in the leader peptide, but both versions address the molecule to the cell membrane according 
to SignalP5. Variant rs7192, in exon 4, exchanges an amino acid in the transmembrane domain. These two missense 
variants are related to three HLA-DRA allotypes (protein sequences), DRA*01:01 (reference for both variants, frequen-
cy of 67.7%), DRA:01:02 (alternative for rs7192, frequency of 29.2%), and DRA*01:03 (alternative for rs16822586 
and rs7192, frequency of 2.9%). All allotypes are widely distributed in all biogeographic regions, but DRA*01:03 has a 
higher frequency in Asian populations. There is also a variant that can trigger alternative splicing, rs8084, and the result-
ing isoform cannot leave the endoplasmic reticulum and reach the surface, being degraded and presented by other HLA 
class II canonical molecules. However, the proportion of alternative transcripts rarely reached 1% when studying HLA-
DRA mRNA expression in the GEUVADIS dataset. Despite being very conserved in the protein level, we have detected 
many new sequences and SNPs in the HLA-DRA gene. This data might be useful for further functional and evolutionary 
studies. We also demonstrate that HLA-DRA is indeed conserved in the exonic and protein levels even in worldwide 
scale. Although forming different proteins, these alterations seem not to modify the HLA-DRA cellular localization and 
do not influence the interaction with the peptide, therefore the concept of monomorphic molecule. This high conserva-
tion demonstrates its peptide presentation importance, providing compatibility with the very polymorphic HLA-DRBs 
and ensuring the HLA-DR expression, being a possible target for natural selection in worldwide populations.
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Abstract: 
Hypertension is an important risk factor for various cardiovascular diseases, such as stroke, acute myocardial infarction 
and chronic kidney disease. It is a complex, multifactorial disease whose cellular mechanisms are not well understood. 
Recently, several studies have focused on the role of oxidative stress in the development of hypertension. Increasing ev-
idence over the last decades indicates an association between reactive oxygen species (ROS) and arterial hypertension. 
ROS are essential for cellular physiology, but in an unbalanced situation, an exacerbated production of ROS can damage 
cellular components and trigger pathological processes. Among the different ROS sources present in the cardiovascular 
system, NADPH oxidases (NOXs) are particularly important because they are involved in many features of cardiovas-
cular dysfunctions. However, in humans, although redox regulation of some signalling proteins is well understood, the 
role of NOXs in cardiac pathologies caused by hypertension and the relation to Nox-derived ROS and hypertension are 
not known. In this scenario, human induced pluripotent stem cells (hiPSC), which model various diseases in vitro, can 
be a powerful tool for understanding cellular mechanisms in response to oxidative stress in hypertension. Objectives: in 
the present work, we propose to use hiPSC-derived cardiomyocytes, endothelial cells and vascular smooth muscle cells 
from normotensive and hypertensive subjects for the study of NOXs. Methods: We generated in a total of nine cell lines 
of hiPSC from hypertensives and normotensives subjects; these cells were differentiated into cardiomyocytes, endothe-
lial cells and vascular smooth muscle cell, and quantitative PCR analysis of NOXs expression and ROS quantification 
were performed. Results: Analysis for vascular smooth muscle cells are in progress, although for cardiomyocytes and 
endothelial cells we observed a different expression profiles between groups, in the moment. Cardiomyocytes from the 
hypertensive-group showed increased expression of NOX 1 and 2, which are described as increased in hypertension, and 
decrease of NOX 4, which has a protective role on the heart. Interestingly, in a pilot experiment, endothelial cells has a 
slightly different pattern compared to cardiomyocytes, which means that apparently these cells can maintain in vitro the 
phenotype related to disease, even after the nuclear reprogramming. 
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Abstract: 
The study of gene networks in complex diseases, such as breast cancer (BC), is an approach that helps to understand bi-
ological processes that may be associated with the development, progression, and maintenance. MicroRNAs (miRNAs) 
have emerged as good candidates for biomarkers, as they regulate gene expression and are deregulated in several diseas-
es, including BC. Firstly, we searched for experimentally validated disease-related miRNAs, available in the RNA-Dis-
ease Repository database, and filtered the miRNAs described in BC only. Subsequently, we searched for miRNA’s target 
genes in the miRTarBase database, selecting those experimentally validated by strong evidence. To discover which 
biological pathways these genes are involved in, we performed functional enrichment analyses in KEGG Pathways, 
Reactome, and Gene Ontology (GO) databases. All analyses and graphs were performed using the R software (v.4.2.1). 
We identified 1319 deregulated miRNAs in BC, which can regulate 8029 target genes. The functional enrichment anal-
ysis showed that among the enriched KEGG pathways, several are related to carcinogenic cascades, such as “PI3K-Akt 
signaling pathway”, “MAPK signaling pathway”, “MicroRNAs in cancer”, “Proteoglycans in cancer”, “Wnt signaling 
pathway”, “TNF signaling pathway” and “Hippo signaling pathway”. When activated, these pathways regulate fun-
damental cellular functions such as transcription, translation, proliferation, growth, differentiation, apoptosis, and cell 
survival. We also identified pathways related to BC, such as “Breast cancer”, and “Endocrine resistance”, the latter being 
important because resistance to endocrine agents is a major clinical obstacle related to therapy for hormone-responsive 
BC. Reactome analysis enriched signaling pathways that are mostly related to signal transduction cascades, such as: 
“Diseases of signal transduction by growth factor receptors and second messengers”, “PIP3 activates AKT signaling”, 
“Intracellular signaling by second messengers”; and the host immune response: “Signaling by interleukins”, “Interleu-
kin-4 and interleukin-13 signaling”. The GO analysis enriched pathways associated with the activation of mediators that 
favor the maintenance of cancer: “Epithelial cell proliferation”, “Positive regulation of kinase activity”, “Regulation 
of protein serine/threonine kinase activity”, “Regulation of apoptotic signaling pathway”. Investigating these three 
databases revealed common target genes positioned as central elements in the KEGG, Reactome, and GO pathways: 
the AKT1, PIK3CB, and HGF genes. AKT1 exerts roles in various cellular processes, including growth, proliferation, 
survival, and angiogenesis. The PI3K’s pathways, including PIK3CB, regulate growth factors and cytokines and induce 
pathways related to cell cycle regulation, metabolism, differentiation, migration, and cell survival. Mutations in HGF 
have been linked to cell growth, motility, and morphogenesis in several types of cancer. Thus, we identified miRNAs 
that can regulate genes involved in biological processes required for the occurrence, maintenance, and progression of 
BC. This highlights the importance of understanding the findings of the interaction between miRNA/target-mRNA in 
BC. The role of miRNA’s target genes in pathways related to the host’s immune response is an interesting finding, as 
they can support studies aimed at endocrine resistance, thus helping in more personalized therapies for BC.
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Abstract: 
Penile squamous cell carcinoma (SCC) is a rare and aggressive tumor associated with multiple risk factors. Since penile 
SCC is intrinsically related to environmental aspects, such as sexual behavior, hygiene, uncircumcision, and human 
papillomavirus (HPV) infection, epimutations are believed to be a key point to understand the altered molecular bases 
of penile cancer. Imprinted genes are monoallelic expressed in a parent-of-origin manner and have important role in cell 
growth signaling pathways, cell proliferation and differentiation. Moreover, the loss of imprinting (LOI) intensifies the 
early processes of carcinogenesis. We sought to evaluate the DNA methylation levels at the imprinted locus H19DMR 
(H19 differentially methylated region) in penile SCC and the influence of high-risk HPV (hrHPV) infection. This is 
a retrospective study that included 30 penile SCC participants who underwent surgery from 2000 to 2018 at Haroldo 
Juaçaba Hospital, Ceará, Brazil. Clinical characteristics were obtained, and HPV infection was verified by chromogenic 
in situ hybridization. H19DMR pattern of methylation was obtained by bisulfite sequencing using MiSeq (Illumina). 
Positive samples for high-risk HPV (hrHPV+, n=19) and negative for hrHPV (hrHPV-, n=11) were sequenced for 23 
CpG dinucleotides in the H19DMR. LOI was observed for penile SCC irrespective of HPV infection, as the methylation 
level was 35.38% for hrHPV+ and 32.36% for hrHPV-. Three of the 23 CpG sites (CpG1, CpG2 and CpG17) sequenced 
had different methylation levels than the other sites. Although we did not observe any correlation of the differentiated 
levels of these three sites with clinical aspects, the SNPs rs2107425 (C/C) and rs2071094 (G/G) at this region seem to 
affect the methylation in the neighbouring CpG sites, with increased methylation in the CpG1 (p = 0.016) and reduced in 
the CpG17 (p = 0.029), respectively. Since this region contains a CTCF binding domain, decreased levels of methylation 
at CpG17 may increase the insulator activity of this protein. To our knowledge, this is the first report of LOI in H19D-
MR in SCC, which was independent of hrHPV, and may represent a prognosis marker for penile cancer. Also, specific 
CpG sites may act as methylation hotspots, and their role in the control of gene expression should be better understood.
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Abstract: 
Gastric cancer is the fifth most frequent malignant tumor and the fourth leading cause of cancer-related death worldwide 
in 2020. The search for epigenetically regulated oncogenes and their differential expression is an important strategy to 
identify molecular biomarkers for cancer, which can contribute to early diagnosis and the search for new therapeutic 
targets. Previous studies by our research group identified several differentially expressed and epigenetically regulated 
genes in gastric cancer cell lines. FABP5, EGR1 and FOS genes were selected for the present study, with the aims of 
(1) evaluate the expression of these genes in gastric adenocarcinoma samples compared to the corresponding adjacent 
non-tumor margin, and to gastric tissue samples from patients without neoplasm; and (2) investigate the DNA meth-
ylation status of the promoter regions of FABP5, EGR1 and FOS genes. So far, 81 pairs of gastric tissue samples from 
patients with gastric adenocarcinoma and 29 gastric tissue samples from non-cancer patients were analyzed using the 
Real Time PCR technique. Our findings revealed differential gene expression of FABP5, EGR1 and FOS (p<0.05) in the 
groups studied, corroborating evidence from the literature that indicates that these genes play a role in the development 
of gastric cancer and can be considered potential therapeutic targets or biomarkers of this neoplasm. Additionally, the 
methylation profiles of EGR1, FABP5 and FOS CpG islands will be carried out by next-generation sequencing.
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Abstract: 
Gastric cancer is the fifth most frequent malignant tumor and the fourth leading cause of cancer-related death worldwide 
in 2020. The search for epigenetically regulated oncogenes and their differential expression is an important strategy to 
identify molecular biomarkers for cancer, which can contribute to early diagnosis and the search for new therapeutic 
targets. Previous studies by our research group identified several differentially expressed and epigenetically regulated 
genes in gastric cancer cell lines. FABP5, EGR1 and FOS genes were selected for the present study, with the aims of 
(1) evaluate the expression of these genes in gastric adenocarcinoma samples compared to the corresponding adjacent 
non-tumor margin, and to gastric tissue samples from patients without neoplasm; and (2) investigate the DNA meth-
ylation status of the promoter regions of FABP5, EGR1 and FOS genes. So far, 81 pairs of gastric tissue samples from 
patients with gastric adenocarcinoma and 29 gastric tissue samples from non-cancer patients were analyzed using the 
Real Time PCR technique. Our findings revealed differential gene expression of FABP5, EGR1 and FOS (p<0.05) in the 
groups studied, corroborating evidence from the literature that indicates that these genes play a role in the development 
of gastric cancer and can be considered potential therapeutic targets or biomarkers of this neoplasm. Additionally, the 
methylation profiles of EGR1, FABP5 and FOS CpG islands will be carried out by next-generation sequencing. 
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Abstract: 
Introduction: Despite recent advances in understanding the genetics of Alzheimer’s Disease (AD) and AD-related dis-
eases (ADRD), there is still a gap between the expected and observed genetic heritability of the disease using single 
nucleotide polymorphisms (SNPs) and small indels data. Large genomic rearrangements, known as structural variants 
(SVs), have the potential to account for this missing genetic heritability. These variants are often not discoverable using 
genotyping assays and have been historically overlooked due to technological limitations. Objective: To investigate 
the role of SVs in the AD/ADRD traits, we leverage data from two ongoing cohort studies of aging and dementia, the 
Religious Orders Study and Rush Memory and Aging Project (ROS/MAP). Methods: Over 25 thousand SVs (MAF > 
1%) mapped in 1,106 samples with whole genome sequencing (WGS) data were tested for association with multiple 
indices for AD/ADRD, including measurements of cognitive decline and resilience, amyloid beta, neuronal neurofibril-
lary tangles, TDP-43, vascular disease burden, cerebral amyloid angiopathy, atherosclerosis, and arteriolosclerosis. For 
each SV, linear and logistic regression models were applied to examine their association with each neuropathologic 
measurement. All models were adjusted for age, sex, and subpopulation structure. Results: Amongst all phenotypes 
tested, two associations reached genome-wide significance (Bonferroni adjusted P-value < 5%). A 55 bp insertion at 
chr12:131,797,376 (MAF = 0.21; P-value = 2.96 x 10-7) was associated with reduced vascular disease burden and an 82 
bp insertion at chr19:45,444,699 (MAF = 0.25; P-value = 7.51 x 10-7) was associated with increased cerebral amyloid 
angiopathy. Additionally, other SVs were suggestively associated with TDP-43 and cognitive resilience. Now, to link 
genetics to phenotype, we are investigating the impact of these SVs on molecular functions by integrating multi-omics 
assays available from brain tissues of the same individuals. Conclusion: These findings represent a step forward in un-
derstanding the effects of common genetic variation in AD/ADRD traits.
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Abstract: 
Osteosarcomas (OS) are malignant aggressive bone tumors that more frequently affect people younger than 20 years. 
Slow and tentative progress has been achieved in the understanding of the precise molecular basis of OS initiation, pro-
gression, response to therapy and recurrence, which is hampered by the rarity of OS cases and because of their extensive 
genomic instability, complexity and heterogeneity. We used next-generation sequencing data (TruSight One clinical 
exome panel, Illumina) to access the spectrum of chromosomal copy number alterations (CNA) of 28 primary OS sam-
ples. Furthermore, the genes affected by recurrent or high amplitude (amplifications or homozygous losses) CNAs were 
evaluated regarding enriched biological pathways using the Search Tool for the Retrieval of Interacting Genes/Proteins 
(STRING database). The CNA analysis revealed a high intertumoral heterogeneity, with 1,176 alterations spreading over 
nearly all chromosomes (529 losses, 508 gains, 108 amplifications and 31 homozygous losses), with an average number 
of 42 CNAs per sample (0-90 events per tumor). We distinguished three types of CNA profiles: no detectable alterations, 
few alterations, and tumors with complex genomes. The most frequent CNA events (>60% of the tumors) included gains 
of 1q21.2q21.3, 6p21.1 and 8q13.3q24.22, and losses of 10q26.2q26.3 and 13q14.3q21.1. Aneuploidies involving entire 
chromosomes were mainly restricted to losses of chromosome 13. Seven OS cases (25%) presented alterations reminis-
cent of complex events such as chromothripsis or chromoanasynthesis. In all those cases, at least one gene involved in 
DNA repair and maintenance of the genomic stability, such as BAP1, BRCA2 and TP53, were mutated or deleted in the 
respective samples. Using the group of 1,677 genes mapped to the genomic regions of amplifications or deep deletions 
(<5Mb), a protein-protein interaction (PPI) network approach revealed enriched biological processes mostly related to 
immune response, developmental and metabolic processes. The highest centrality degrees were observed for the genes 
TP53, AKT1, RB1, CDC42, CDK4, FOS, IRF3, HIF1A, and CCND2, almost exclusively contained within amplification 
regions (except for RB1). In summary, we disclosed a high rate of amplifications, deletions and complex rearrangements 
involving multiple regions, a landscape which is considered an OS hallmark. Our major findings reinforce the high 
instability of OS genomes, leading to the dysregulation of basal cellular functions mainly related to development and 
environmental responses, the latter mostly based on immune and metabolic processes. Further investigation may help 
evaluate which of these events could meaningfully contribute to OS tumorigenesis and/or progression.
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TRANCRIPTOMIC ANALYSIS REVEALS NOVEL POTENTIAL BIOMARKERS  
OF DISEASE OUTCOME IN TEENAGERS AFFECTED  
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Abstract: 
B-cell Acute lymphoblastic leukemia (B-ALL) is the most incident juvenile cancer and is one of the main causes of 
death in this age range. Discrepancy in the patients’ age is evidenced during the treatment of B-ALL, in which poor 
outcomes and higher mortality rates are observed in teenagers. Genetic and epigenetic changes probably have a crit-
ical role in this outcome and thus need to be better understood. The aim of this work was to investigate which genes 
were deregulated in teenager patients with B-ALL in order to have a better understanding of why they have such poor 
prognosis. We downloaded gene expression and clinical data from B-ALL patients present in TCGA’s database and 
classified them in children (ages up to 11 y.o - n= 81) and teenagers (ages from 12 to 19 - n=29). Then, we analyzed 
gene expression between these groups using DESeq2 and observed a total of 1170 differentially expressed genes (DEG 
- adjusted p-value < 0.05 and |log2FoldChange| ≥ 0.5), being 549 upregulated and 621 downregulated. In order to un-
derstand which biological pathways these genes were involved, we performed separate functional enrichment analyses 
(FEA) in upregulated and downregulated genes using the “Biological Processes” set in Gene Ontology database. The 
upregulated genes (such as CLCF1, CCR2, IL18, IL10, FADD, GATA3, CD226 and CD274) enriched in pathways rel-
evant to hematological tumors including positive regulation of leucocyte activation/proliferation, leucocyte cell-cell 
adhesion/proliferation and regulation of immune response to tumor cell. The downregulated genes (such as WNT5A, 
CDH2, KLF15, ERBB4, FGFR2, FOXA1) enriched in pathways including WNT and NOTCH signaling pathways, stem 
cell differentiation and cell growth. Then, we analyzed gene expression in teenager patients considering their vital status 
outcome after follow-up [Alive (n=10) x Dead (n=19)] in order to identify genes associated with a poor prognosis in 
these patients. We observed a total of 473 DEG, being 307 upregulated and 166 downregulated. When we performed 
FEA considering these data, it was possible to observe that the upregulated genes enriched for pathways related to 
cell-substrate adhesion, ossification, extracellular matrix organization and B-Cell proliferation, being GREM1, ITGAV, 
COL4A2, COL1A1, NELL1key genes. Downregulated genes enriched for pathways related to cytokine-mediated sig-
naling pathways, regulation of hematopoiesis and leucocyte differentiation, response to type I interferon and negative 
regulation of defense response, being IFNA2, IFNB1, OAS1, IFI27, VNN1 key genes. Additionally, we performed Ka-
plan-Meier survival analysis in teenagers according to the expression of upregulated and downregulated genes. Patients 
with higher expression of GREM1, COL4A2 and NELL1 and lower expression of IFNA2, IFI27 and VNN1 had worst 
outcome (p=0.0068, p=0.013 and p=0.00029, p=0.0055, p=0.037 and p=0.03, respectively). Our results showed that 
several genes are deregulated in B-ALL teenagers, many of them acting in important pathways that contribute to cancer 
progression/aggressiveness, hematopoiesis and immune response. Additionally, we observed that GREM1, COL4A2, 
NELL1, IFNA2, IFI27 and VNN1 are good candidates to be biomarkers and/or novel personalized therapeutical targets 
of B-ALL.
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INVESTIGATION OF ACE2 GENETIC POLYMORPHISM IN COVID-19 PATIENTS 
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Abstract: 
Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2, is one of the worst medical emergencies in the last 
decades. Angiotensin-converting enzyme 2 (ACE2), expressed in several human cells, is a functional receptor for the 
SARS-CoV-2 spike protein, thus mediating virus entry in the cells. Therefore, the study of human ACE2 sequence vari-
ations can help elucidating genetic markers for COVID-19 susceptibility or resistance. Recent literature data describes 
several ACE2 SNPs and mutations potentially associated with the virus-host interaction. Both in silico and popula-
tion-based studies performed so far revealed that certain ACE2 variants can be potential protective, while others seem 
to increase susceptibility to SARS-CoV2. These studies show that ACE2 genes are strongly correlated to susceptibility, 
intensity, and clinical outcomes of COVID-19. To help build this body of knowledge, this study was designed to se-
quence and compare specific DNA regions from ACE2 in samples obtained from hospitalized patients diagnosed with 
COVID-19 by qRT-PCR. Three regions in the ACE2 gene were selected for these analyses due to its importance for 
interaction with the virus spike protein. We obtained DNA from 100 patients, all attended at a Field Hospital in Goiânia-
Goiás, Brazil. The patients were categorized in 2 groups: 50 patients with mild COVID-19 symptoms (patients received 
health care but did not require hospitalization) and 50 patients who died from COVID-19 complications (patients un-
derwent hospitalization in the Intensive Care Unit and died during hospitalization). DNA were extracted, the selected 
regions were amplified by PCR and sequenced by the Sanger method. DNA sequences were aligned using MAFFT soft-
ware, checked for polymorphisms using Bioedit software and compared to Human ACE2 gene using Blast algorithm. So 
far, we analyzed DNA sequence from 10 patients, all belonging to the group who went to death. There is no difference 
in the sequences analyzed up to now and all of them perfectly matches with ACE2 reference gene sequence. Additional 
samples are already being processed and analyzed and genetic variation among the 2 groups will be evaluated. Although 
several studies reveal that polymorphisms in ACE2 genes influence susceptibility, symptoms, and severity of patients to 
COVID-19 in Europe, Asia, and North America, this is the first study that aims to correlate ACE2 variants to COVID-19 
outcome in the analyzed population.Financial support: FAPEG-GO
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PIPER NIGRUM LEAVES EXTRACT HAD ANTIPROLIFERATIVE,  
ANTIMIGRATORY AND ANTI-INFLAMMATORY EFFECT IN HEAD AND NECK CANCER
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Abstract: 
The head and neck squamous cell carcinoma is the seventh most common type of cancer worldwide and includes neo-
plasms appearing at the oral cavity, pharynx and larynx. Modern treatments, although effective in antitumor action, 
have adverse effects. Because of this, some plants have been used in the treatment of cancer, Piper nigrum is one of 
them because it has bioactive molecules, with antitumorigenic properties. According to the importance of the antitumor 
activity of Piper nigrum, including their chemical elements, the present study was proposed, which aimed to evaluate 
the cytotoxic potential of P. nigrum leaves extract (PNE) on cell morphology, proliferation and migration, DNA damage 
(assay comet), cycle and cell death (flow cytometry), cyclooxogenase-2 pathway (PCR and western blot) observing how 
the herbal medicine acts and how these changes can participate in the tumorigenic process. For this, we used the SCC-25 
and HEp-2 cell lines treated with total extract of the Piper nigrum leaves, in three different concentrations (10, 50 and 
100µg/mL) for 24 and 48 hours. We observed that the treatment with PNE reduced the number of cells, the migratory 
capacity and blocked cell cycle in G1/G0 (SCC-25) and G2/M (HEp-2). In addition, PNE induced cellular apoptosis 
through DNA damage and modulated the PTGS2 pathway. It seems that, PNE has an antiproliferative, antimigratory and 
anti-inflammatory effect, retaining the cell cycle, inducing DNA damage and cell death. The joint approach of in vitro 
investigations allowed a detailed understanding of the action of PNE, in addition to expanding the new possibilities of 
molecular studies and its possible application in the adjuvant treatment of head and neck cancer.
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Abstract: 
Recently, our group described a complex form of intellectual disability caused by a mutation in the inositol monophos-
phatase 1 gene (IMPA1) (c.489_483dupGGGCT), leading to a frameshift (p.Ser165Trpfs * 10) in a family with multi-
ple cases of psychiatric disorders, such as schizophrenia. The aim of this work was to investigate the genetic variants 
already associated with schizophrenia, including those in linkage disequilibrium with the mutation in the IMPA1 gene. 
The study was conducted with 23 individuals (14 males and 9 females) from four family clusters, including affected 
and unaffected individuals with schizophrenia and intellectual disability caused by the mutation in the IMPA1 gene. All 
individuals completed the Mini International Neuropsychiatric Interview questionnaire. Peripheral blood was collected 
and genomic DNA extraction was performed at the Human Genome and Stem Cell Research Center at USP. Individuals 
were genotyped using the Axiom® Genome-Wide LAT 1 Array platform (Affymetrix, USA), following the manufac-
turer’s recommendations (Affymetrix, USA). Data analysis was performed using the Genotyping ConsoleTM software 
(Version 4.2, Affymetrix Inc.), which was later exported to PLINK 1.9 to build the files required for the linkage study. 
MERLIN software, version 1.1.2, was used for multipoint and single-point parametric linkage analysis. The maxi-
mum LOD score calculated for the four participating families was 1.727. Out of a total of 237 SNPs associated with 
schizophrenia, 40 SNPs were present in the Axiom® Genome-Wide LAT1 microarray. We identified two new regions 
suggestive of linkage on chromosome eight flanking rs1586030 and rs12680924, located in the upstream region to the 
IMPA1 gene, in patient’s homozygous recessive for mutation in the IMPA1 gene. Additionally, 10 new variants were 
also suggestive of linkage on chromosomes 1 (rs1294028), 6 (rs7738388), 11 (rs11038167, rs7943936, rs12365680), 12 
(rs2652007), 15 (rs950169 and rs11635597), 17 (rsrs11656396) and 21 (rs2258119). The present study describes for the 
first time the presence of new variants in the consanguineous population of Brejo dos Santos-PB, located in northeastern 
Brazil, and suggests the possibility of an association with schizophrenia. Further studies are needed to better establish 
the relationship of the variants found with the schizophrenia found in our population.
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Susan Elizabeth Nunes Moon1; Ândrea Ribeiro dos Santos1; Leandro Magalhães1 
1. Laboratório de Genética Humana e Médica, Instituto de Ciências Biológicas, Universidade Federal do Pará

Abstract: 
Breast cancer (BC) is the most common cancer among women worldwide. Among the molecular subtypes of this dis-
ease, the following subtypes stand out: Luminal A and Luminal B, which represent most cases of BC. As a treatment 
for this subtype, Anastrozole and Tamoxifen are wildly used, however, little is known about the genetic or epigenetic 
factors involved during the therapeutical process. Therefore, it is necessary to investigate how these treatments affect 
the patient’s metabolism pathways as well as which other biological pathways are being affected. This work aimed to 
investigate which genes were deregulated in BC patients treated with Anastrozole or Tamoxifen to have a better un-
derstanding of what are the biological pathways being affected by the treatment. We downloaded gene expression and 
clinical data from BC patients present in The Cancer Genomes Atlas’s database and selected those who had the Luminal 
subtype and were treated with Anastrozole (n= 71) or Tamoxifen (n=53). To serve as a control group, we downloaded 
normal breast data from GTEX (n=92). Then, we analyzed mRNA expression between these groups using DESeq2 and 
observed a total of 3299 differentially expressed genes (DEG - adjusted p-value<0.05 and |log2FoldChange|≥2) in the 
Anastrazole-treated group, being 1144 upregulated and 2155 downregulated. In the Tamoxifen-treated group, we ob-
served 3090 DEG, being 1060 upregulated and 2030 downregulated. We also classified DEG as Anastrazole-exclusive, 
Tamoxifen-exclusive and common to both treatments. In order to understand which biological pathways these genes 
were involved in, we performed separate functional enrichment analyses (FEA) in upregulated and downregulated genes 
using the “Biological Processes” set in the Gene Ontology database. All analyses were performed in R (v.4.1.3). As for 
the upregulated genes, Anastrazole-exclusive ones did not enrich in any pathways, Tamoxifen-exclusive enriched in 
pathways related to cell division and proliferation, such as “DNA-replication”, “nucleosome assembly” and “chromatin 
remodeling” as well as a pathway related to ossification. Common upregulated genes also enriched for pathways related 
to cell division and proliferation, as well as related to metabolism (“regulation of peptidase/endopeptidase activity” and 
“phenol-containing-compound/amine metabolic process”) and immune response (“defense response to virus/symbiont” 
and “positive regulation of adaptative immune response”). Analyzing the downregulated genes, Anastrazole-exclu-
sive enriched mainly in therapy metabolism-related pathways (“response to xenobiotic stimulus” and “steroid/retinoid 
metabolic process”, etc.) and cancer-related pathways (“apoptotic nuclear changes” and “protein kinase A signaling”). 
Tamoxifen-exclusive enriched in pathways related to drug metabolism such as “Drug/xenobiotic metabolism by cyto-
chrome P450” and “platinum drug resistance”. Common downregulated genes enriched in several metabolism pathways 
(including “hormone/steroid metabolic process”), immune-response and cell-adhesion. It was possible to observe that 
BC patients treated with Anastrazole or Tamoxifen had DEG acting mainly in promoting cell proliferation, immune 
response and metabolizing drugs, indicating that even after treatment, cancer cells continue to grow and multiplicate. 
Discovering the DEG and their associated pathways in cancer can lead to the development of new targeted therapies.
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Abstract: 
Background. Colorectal Cancer (CRC) is a multifactorial disease, develops sporadically and hereditary forms, charac-
terized by the presentation of a wide range of clinical manifestations. In the Brazil, CRC currently an important public 
health problem, as the third most incident and with mortality of 40,000 cases. The clinical outcome depends mainly on 
the genetic alterations, such as specific mutations, that harbored pathogenic Kirsten rat sarcoma 2 viral oncogene ho-
molograt sarcoma 2 viral oncogene homolog (KRAS), these mutations present important role in the clinical consequence 
of the patients during treatment. Aim. We investigated KRAS mutations located at exon 2 in tumor of Amazonas/Brazil 
patients with CRC, assessing with the clinical-epidemiological aspects. Methods. Tumor tissue samples were collected 
at diagnosis before starting treatment. Histologically, the tumors were classified as moderately to well-differentiated 
adenocarcinomas. DNA extraction was performed from CRC tumors, DNA samples were subjected to specific PCR 
reaction for KRAS exon 2 region. Nucleotide sequencing was performed to investigate mutations in KRAS exon 2, iden-
tifying mutations at positions c.34, c.35, c.36, c.37 and c.38, corresponding to codons 12 and 13 of the gene, mutations 
that result in amino acid modification. Results. Twelve patients with CRC were assessed, being 30% of the cases present 
mutations in KRAS exon 2, identified the c.35G>A (p.G12D) and c.35G>C (p.G12A). The results agree with the database 
and previous findings, with the description of patients with KRAS mutated, the c.35G>A was more prevalent in patients 
with CRC. The study aims to carry out the screening of KRAS mutations, moreover the development and application of 
qPCR assays to monitor patients during the treatment, as well as the screening of mutations in liquid biopsy as a possible 
marker of metastasis. Conclusion. Our data suggest the KRAS mutation seems to be associated with clinical outcome of 
CRC in patients of the Amazonas/Brazil, these mutations present important relevance mainly to clinical consequences 
of the disease, due association to the resistance to treatments such as chemotherapy, radiotherapy and anti-EGFR drugs.
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Abstract: 
Parkinson’s Disease (PD) is one of the most common neurodegenerative diseases, being the most frequent movement 
disorder, showning a significant increase in recent decades. It can be monogenic or idiopathic. The first has a well-es-
tablished genetic origin, while the latter represents 95% of PD cases and is considered multifactorial, influenced by 
genetic and environmental factors. The pathophysiology of PD is marked by the accumulation of alpha-synuclein and 
the progressive death of neurons, mainly dopaminergic, resulting in a significant reduction in dopamine levels and the 
development of motor symptoms such as bradykinesia, resting tremor, and muscle rigidity. Despite advances in re-
search, the etiology of PD is not well understood. One of the main mechanisms related to the disease involves changes 
in non-coding RNA expression, such as microRNAs(miRNAs), small RNAs of 18-24 nucleotides that regulate gene 
expression, which leads to dysregulation of several biological processes, contributing to PD progression. We aimed to 
investigate the functional role of genes regulated by miRNAs directly associated with PD, available in the RNADisease 
database (https://www.rna-society.org/mndr/), in order to understand the biological role in which these miRNAs are act-
ing. RNAdisease is a repository of over 25,000 evaluated studies of validated experimental associations between various 
diseases and ncRNAs. Only validated miRNAs associated with PD in humans were selected, totaling 2,725. Then, their 
target genes were extracted from miRTarBase, considering only those with strong experimental evidence. Subsequently, 
the enrichment analysis was carried out in three databases: in the Molecular Signatures Database(MSigDB), Kyoto En-
cyclopedia of Genes and Genomes(KEGG) and Gene Ontology(GO). The analysis of the relationship between the bio-
logical pathways and those related to PD was performed and their genes investigated. Altogether, 18 distinct genes were 
shared among several pathways related to cell death, oxidative stress response, and inflammatory cascades, all of which 
are strongly associated with PD. Of these, the BCL2, BCL2L1 and HMOX1 genes were simultaneously enriched for 9 
pathways of neuronal death and apoptosis in GO and MsigDB databases. Proteins produced by members of the BCL2 
family are located in the outer membrane of mitochondria and act as anti- or pro-apoptotic regulators by controlling 
membrane potential and producing reactive oxygen species. In PD, genes from the BCL2 family have already been used 
in therapeutic tests aimed at reestablishing the balance between autophagy and neuronal apoptosis. HMOX1 gene is 
essential in the catabolism of heme, producing bilirubin, free iron and CO. Its role has often been implicated in neuro-
degenerative diseases in mammals. In animal models of PD, HMOX1 expression in glial cells led to increased protein 
oxidation, mitophagy and apoptosis, in addition to dysregulation of genes that control the dopaminergic phenotype and 
mitochondrial fission and fusion. All these processes are widely described in the pathology of PD. Therefore, integrating 
data from different studies regarding PD and performing functional enrichment strategies had led to the discovery of 
common and extremely important pathways regarding disease onset and progression. Analysing these mirRNA-mRNA 
regulatory networks is essential for the understanding of PD biology and the development of new diagnostic and ther-
apeutical strategies.
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Abstract: 
Mucopolysaccharidoses (MPS) are lysosomal storage diseases (LSD), characterized by the intralysosomal accumulation 
of glycosaminoglycans (GAGs), secondary to a deficiency in the activity of an enzyme involved in the degradation of 
these molecules. Morquio syndrome, or Mucopolysaccharidosis IV-A (MPS IV-A) is characterized by short stature, 
severe bone disease, and normal intelligence. However, it presents a broad spectrum of severity of associated clinical 
manifestations. The GALNS gene has 50kb with 14 exons and 13 introns, was mapped in the 16q24.3 region, and the 
cDNA contains 1566 nucleotides that encode a glycopeptide with 522 amino acids. About 446 mutations have been 
described as responsible for the clinical phenotypes of MPS IVA. A survey of epidemiological data was carried out on 
patients with Morquio Syndrome A in Paraíba diagnosed until 2019, in addition to performing the correlation analysis 
classified in different degrees, both directly and inversely proportional. In order to analyze the correlation between gen-
otype, ancestry, consanguinity and origin of the patients, Pearson’s correlation analysis was performed using maternal 
and paternal ancestry, genotype, haplotype, consanguinity and origin as variables. Data obtained from the patients’ 
medical records and data from the analysis of uniparental molecular markers (mitochondrial DNA and Y chromosome) 
were used. Data from twenty-one patients with MPS IV-A were described, 9 men and 12 women, aged between 5 and 
45 years. However, for correlation analysis, fifteen patients were selected that contained all available data. The degree 
of correlations was classified as: weak if 0 < / r / < 0,4; moderate if 0,4 ≤ / r / < 0,7; and strong if 0,7 ≤ / r / < 1. All data 
analyzes were performed using the R statistical software (i386 version 3.6., 2019). A strong correlation was found for 
maternal ancestry and patient origin, moderate for mitochondrial DNA and mutation, and weak correlation between 
mitochondrial DNA and Haplotype, mitochondrial DNA and consanguinity, Y chromosome and consanguinity and 
consanguinity and Origin. And an inversely proportional correlation presented a weak degree, Y chromosome and mu-
tation and Y chromosome and Haplotype, and the variables Y chromosome and origin presented an inverse correlation 
in a degree considered moderate. Factors such as ancestry, consanguinity and origin were related to variables such as 
inbreeding, geographic isolation, genetic drift and founder effect. The collection of patient data was relevant to trace the 
epidemiological profile of patients, and to analyze the existence of a correlation between the patient’s phenotype and 
their origin and ancestry, being important for understanding the nature and origin of the mutation, in addition to contrib-
uting to prognosis and a more specific genetic counseling.
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Abstract: 
Mutations in genes involved in the cellular response to replicative stress are related to rare genetic disorders, such as 
Rothmund-Thomson syndrome (RTS) which is caused by mutations in the ANAPC1 or RECQL4 and is characterized by 
premature aging, skin rashes, and chromosomal instability. We performed exome sequencing in individuals clinically 
diagnosed with RTS, and identified several patients without pathogenic variants in the coding regions of RECQL4 and 
ANAPC1. Whole genome sequencing identified compound heterozygous mutations, including a deep intronic variant 
common to all patients, in a gene not previously associated with RTS. Thus, our objective was to confirm the pathoge-
nicity of these variants and evaluate the molecular consequences of mutations in this gene on DNA repair and DNA rep-
lication. Western blotting data revealed a severe reduction in the levels of the studied protein in the patient’s fibroblasts 
compared to the control fibroblasts. We then verified by immunofluorescence that the absence of the protein of interest 
in these cell lines influenced the resection process, resulting in a reduced ability to recover from DNA double-strand 
breakage damage by the homologous recombination pathway. The formation of 53BP1 nuclear bodies (53BP1-NB) 
due to replicative stress was also evaluated by immunofluorescence in RPE cells depleted of the protein of interest by 
siRNA using aphidicolin treatment as a control. Chemical inhibition of DNA polymerases by aphidicolin induced the 
presence of 53BP1-NB in ??RPE siNT cells which accumulated in the G1 phase of the cell cycle. 53BP1-NB were also 
observed in RPE cells depleted of the protein of interest even without aphidicolin treatment and accumulated mainly 
in the G2 phase of the cell cycle. We conclude that the identified variants in a gene not previously associated with RTS 
are indeed pathogenic, causing reduced expression of the encoded protein and leading to defects in the DNA repair and 
replication processes.
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Abstract: 
Asthma is a chronic inflammatory disease characterized by airway hyperresponsiveness, mucus hypersecretion, and 
variable airflow limitation. It results from the interaction of environmental (allergens) and genetic factors, such as single 
nucleotide polymorphisms (SNP) in the beta-2-adrenergic receptor (ADRB2) gene. However, two most studied SNPs 
(rs1042713, rs1042714) were not strong signal in any of the GWAS for asthma. Given the potential of SNPs as predic-
tive markers of risk, prognosis and/or therapeutic response; the high cost and time for genotyping; and possible lack of 
functional relevance, in silico analysis becomes an important approach for the evaluation and selection of those most 
closely related to the pathophysiology of the disease for inclusion in association studies. Our aim was to identify the 
functional impacts of ADRB2 SNPs. We performed an in silico functional analysis on the databases: ClinVar, dbSNP/
NCBI, Ensembl, Gtex, GWAS Catalog, HaploReg, LitVar, Regulome, rVarBase and rSNP Base 3.1. We prioritized 
variants reported in ClinVar and GWAS or in at least one of these two banks, besides which had a relevant finding in the 
other banks. ClinVar reports of genomic variations and clinical significance and the GWAS Catalog about associations 
identified in GWAS between SNP and phenotypes. We evaluated 15 SNPs proposed as cited variations from the 1085 
SNPs identified in ADBR2 (NCBI/gene). Of these, only one (rs1800888) was reported in ClinVar and GWAS, and three 
(rs11168070, rs1042713, rs1042714) only in ClinVar. The rs1800888, reported in 6/10 databases, was identified in Clin-
Var as missense and associated with a reduced response to beta 2-adrenergic agonists, and was a strong signal in seven 
GWAS, with the risk allele T confirmed in six studies in the GWAS Catalog. RVarBase shows the variant’s impact on 
regulatory processes: chromatin status, regulatory elements overlapping the variant and potential target genes. In this 
evaluation, the rs11168070, reported in 9/10 databases, was located in a CpG island, which may alter the recognition 
by transcription factors and the interaction between chromatin status and expression of genes CKMT2-AS1, ADRB2, 
OXA1L, ZCCHC9 and HDAC7. The rs1042713 and rs1042714, most tested in association studies, were reported in 6/10 
banks and related to the chromatin status and expression of MEPCE, CKMT2-AS1, ZCCHC9, ZCWPW1 genes. The 
OXA1L gene expression and ADRB2-receptor mRNA abundance related only with to the rs1042713. The allele frequen-
cies of the SNPs and functional aspects are available in Ensembl. The rs1042713, a missense variant, shows regulatory 
consequences and is associated with a nocturnal asthma phenotype and drug response; the rs1042714 generates a stop 
gained codon, but it is not associated with a specific phenotype; the rs11168070, also missense, is associated with drug 
response. We used an approach that allowed the selection of SNPs with the highest probability of causality in the dis-
ease, eliminating ~70% of those cited, and evidenced the need for data of DNA sequencing of the Brazilian population.
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BIOLOGICAL ACTIVITIES AND PHYTOCHEMICAL CHARACTERIZATION  
OF MYRCIARIA TENELLA (DC.) O. BERG (MYRTACEAE) FRUITS
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Abstract: 
Medicinal plants bring a scientific interest to study a long time ago to understand the effect of different bioactive metab-
olites, but still, there are many gaps in this knowledge. Then, molecules that have an antioxidant activity have received 
special attention due to their pharmacological potential. Considering the Brazilian plant biodiversity, our group has been 
prospecting the identification of active biomolecules from the Atlantic Forest. Thus, in this work, we aim to identify po-
tential biomolecules in Myrciaria tenella fruits from hydroethanolic and aqueous extracts and their pharmacology activ-
ities. This plant is being used by folk medicine for skin irritations, as an antimicrobial, antioxidant and anti-inflammato-
ry. In this work green and mature fruits were harvested from Rio do Fogo city (RN state). These fruits were mashed and 
macerated in the proportion of 1:10 (vegetable: solvent) to obtain hydroethanolic and aqueous extracts. These extracts 
were dried by rotaevaporation and lyophilization, after that, the extracts were aliquot at 10mg/mL. These extracts were 
named aqueous green (VA), hydroethanolic green (VHE), aqueous mature (MA) and hydroethanolic mature (MHE). For 
the phytochemical characterization it was measured Total Phenolics (Folin-Ciocalteau); Total Flavonoids (with alumi-
num chloride) and Total Anthocyanins. Then, to evaluate the antioxidant potential it was analyzed the Total Antioxidant 
Capacity (TAC), Reducing Power, Copper Chelation, Iron Chelating and DPPH. The results obtained showed that for 
each 100g fruit the yield was VA: 5.3%, VHE: 4.6%, MA: 9.7%, and MHE: 7.8%. Furthermore, it was observed that 
the Total Phenolics were present in all extracts in a crescent way MA, MHE, VA and VHE. On the other hand for Total 
Flavonoids, it was observed in crescent way MHE, VA=VHE, MA. In addition, Total Anthocyanin was measured only 
for MHE and VA, the other extracts were not possible to quantify. Considering that antioxidant activity has been associ-
ated with phenolic molecules, then it was analyzed the TAC activity and it was observed that the green extracts obtained 
from green fruits showed higher activity (MA -124, MHE -127, VHE - 164, and VA - 168 AAE/mg ext.). The reducing 
power showed a higher percentage for the green extracts - VA: 64.49% and VHE: 124.5%. For Copper Chelating activity 
it was observed that all extracts had a dose-dependent, reaching 85% in the highest concentration. (250µg/mL). Then 
was observed a Copper chelating activity from MA -73%, VA -81%, VHE-85%, and MHE -85%. Furthermore, for Iron 
chelation activity it was verified an activity for all extracts from 21%. The other antioxidant activity analyzed was DPPH 
observed with values ranging from 63.2% (MA) to 87% (VA, VHE and MHE). In a summary, the data obtained showed 
an excellent antioxidant potential from the M.tenella fruits extracts. This potential antioxidant effect of these extracts 
may be acting by donating electrons, chelating ions or scavenging ROS. Based on this, it is important to analyze these 
antioxidants potential effects using in vivo systems such as cell culture and zebrafish models.
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TREML4 MRNA EXPRESSION IN BLOOD LEUKOCYTES IN SUBCLINICAL  
ATHEROSCLEROSIS AND HEART-FAILURE-POST ACUTE MYOCARDIAL INFARCTION
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Abstract: 
TREML4 and other members of the triggering expressed on myeloid cell receptor (TREM) family are associated with 
risk of atherosclerosis and progression in coronary artery disease, acute coronary syndrome, and coronary artery cal-
cification. For the first time, the relationship between TREML4 expression and its polymorphisms (rs2803495 and 
rs280396) was evaluated in patients with subclinical atherosclerosis (n=340) and Heart failure-post acute myocardial 
infarction (AMI) (n=68). TREML4 variants rs2803495 (A>G) and rs2803496 (T>C) and leukocyte mRNA expression 
were analyzed by qRT-PCR. The presence of the rs2803495 G allele was associated with TREML4 expression (OR 
8.01, CI 3.78-16.99, p <0.001). Patients carrying the rs2803496 C minor allele (TC/CC genotypes) were more likely to 
express TREML4 than those without the C allele (OR 10.42, CI4.76-22.78, p<0.001) as well as having higher levels of 
TREML4 expression (OR 4.88, CI 2.35-10.12, p<0.001). Thus, we report for the first time that TREML4 is not associ-
ated with the beginning or end of the natural history of atherosclerosis. TREML4 mRNA expression in blood leukocytes 
is influenced by minor alleles (G and C) and is not associated with asymptomatic patients with Heart failure-post AMI, 
and its regulatory role in atherosclerosis appears to comprise intermediate and severe stages of coronary lesion where 
there is greater inflammatory potential in the disease.
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Abstract: 
Malaria is an important disease with high morbidity and mortality worldwide. In the Amazonian region, Plasmodi-
um vivax is the major cause of malaria. The combined therapeutic regimen of chloroquine and primaquine is widely 
used to eliminate the sexual and asexual forms of P. vivax in this region. Interindividual variability in chloroquine 
and primaquine concentrations was reported in different populations. CYP2D6 phenotypes were reported to increase 
relapse and recurrence of malaria infections. The present study investigates the influence of CYP2D6 phenotypes on 
Chloroquine/Primaquine malaria treatment. The study cohort was composed of 145 individuals born in Pará state in 
the Brazilian Amazonian region and diagnosed with P. vivax malaria. All patients received the 1500 mg of chloroquine 
associated with 210 mg of primaquine in seven days according to the Brazilian Ministry of Health treatment protocol. 
Treatment response was daily accompanied by parasitemia and gametocytemia quantification and clinical examinations 
by physicians. P. vivax forms (asexual and sexual) were estimated before and during the 7 days of treatment. CYP2D6 
SNPs and CNV were genotyped by TaqMan 5’-nuclease assays according to the manufacturer’s recommended protocol 
to predict ultra-metabolizer (UM), extensive metabolizer (EM), intermediate metabolizer (IM), and poor metabolizer 
(PM) phenotypes. A Generalized Estimating Equation (GEE) was performed to determine the genetic influence on para-
sitemia or gametocytemia clearance over time with age, sex, co-medication, parasitemia baseline level, genetic ancestry, 
and SLCO2B1 genotypes, as covariates. Cohen’s d test was calculated to determine the effect size of the model. The 
malaria patients consist of 6.9% slow metabolizers, 6,2% intermediate metabolizers, 81,4% extensive metabolizers, and 
5,5% ultra-metabolizers. Relapses were observed in 25 patients (17.2%) after at least 1 month of completed treatment, 
however, there was no association between CYP2D6 phenotypes and relapses (p = 0.189). In GEE analyses no main 
phenotype effect was observed (p = 0.809) in the model, however, a significant interaction effect between phenotypes 
and treatment over time was observed for parasitemia clearance rate (p = 0.001 and d = 0.58). PM individuals took a 
longer time to eliminate the parasites from the bloodstream. The present work reports the CYP2D6 phenotypes influence 
time of parasitemia clearance in chloroquine/primaquine treatment, however in our study CYP2D6 phenotypes were not 
associated with malaria relapses.
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COLORIMETRIC DETECTION OF DENGUE VIRUS BY REVERSE TRANSCRIPTION 
LOOP-MEDIATED ISOTHERMAL AMPLIFICATION (RT-LAMP)
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Abstract: 
Introduction: Arboviruses such as dengue, zika, and chikungunya have similar symptoms and co-occur in Brazil and 
tests based on serology may show cross-reactivity. The gold standard of diagnosis is reverse transcription followed by 
a polymerase chain reaction (RT-PCR). However, it requires sophisticated equipment and specialized professionals. 
Objective: In this sense, in the present work, loop-mediated isothermal amplification by RT-LAMP and colorimetric 
detection were standardized to develop a new diagnostic for dengue detection that maintain the specificity of molecular 
tests and can be applied as a point-of-care (POC) test. Methodology: To standardize the technique, we used 20 biological 
samples, 60% were reactive, and the remaining serum was non-reactive for IgM, IgG, and NS1 antibodies for dengue 
disease. RNA extraction was performed using a magnetic beads kit, followed by reverse transcriptase reaction with 
MMLV-RT enzyme, incubated at 37°C for 1 hour. The cDNA obtained from RT was used for detecting the dengue virus 
by PCR and LAMP. PCR was performed using previously standardized protocols, with visualization of the results by 
agarose gel electrophoresis, with the amplicon having an expected size of 155 bp. Isothermal amplification was per-
formed with a colorimetric visualization kit, in which the reaction enzyme was Bst DNA Polymerase, which has a high 
strand displacement activity and eliminates the DNA denaturation phase. Still, four pairs of primers were used, 1.6 μM 
of the internal primers, 0.2 μM of the external primers, and 0.4 μM of the Loop primers. The reaction was incubated 
at 65ºC for 30 minutes. The results were visualized by electrophoresis in agarose gel, having as amplification product 
several copies of DNA in different sizes and with the naked eye, by color difference. Results and conclusions: In RT-
PCR, 12 were positive, and eight were negative. In the case of LAMP, the nine positive and positive control cases were 
yellowish, 11 negative cases, and the negative control was pink. These data indicated that RT-LAMP had 100% and 
75% specificity and sensitivity, respectively, indicating a good test compared to RT-PCR. Our results demonstrated that 
the RT-LAMP as an isothermal technique stands out the advantage of using simple equipment such as a dry bath and 
amplifying the dengue virus in less than an hour, reducing time and the costs of diagnosis. Therefore, visualization was 
done with the naked eye, allowing its use as a POC test, which is an important variable to be considered for tropical and 
neglected diseases that occur worldwide in underdeveloped regions with poor sanitation and little vector control, and 
these factors influence the high spread of infectious diseases, such as dengue.
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Abstract: 
MICB is encoded within the Major Histocompatibility Complex (MHC), next to HLA-B, and encodes a cell surface 
glycoprotein that interacts with the activating receptor NKG2D from Natural Killer cells (NK). MICB expression is 
stimulated upon cellular stress, particularly infections, tumors, oxidative stress, and hypoxia, promoting NK cytotox-
icity. MICB is highly polymorphic. The presence of nucleotide exchange at exon 3 leads to a premature stop codon, 
producing a MICB isoform without the transmembrane domain that is secreted as a soluble molecule. The name of this 
MICB sequence (the MICB allele) is MICB*009N. Here, we evaluated MICB*009N frequency in 5,347 samples from 80 
different populations, including Brazil (São Paulo city), and the functional aspects of this allele. MICB*009N frequency 
is low considering the entire sample (0.8%) but varies among biogeographic regions. This allele is frequent in Asia, 
particularly in East (2.12%) and South Asia (1.1%), and America (1.11%). There was no copy of MICB*009N in Africa, 
Europe, and Oceania. In America, most copies have occurred in samples from Peru, Mexico, and Brazil. In Brazil, two 
individuals presented >95% Native American and East Asian ancestries, respectively, and the remaining ones presented 
a mean genetic ancestry of 22.4% African, 63.7% European, and 13.7% Native American. Native American ancestry 
for these individuals is twice the observed for this Brazilian sample (6.8%). Therefore, MICB*009N seems to be linked 
to Native American and Asian ancestry. MICA is a gene encoded next to MICB and produces a molecule with similar 
properties. In another abstract from the same group, 10% of the human population cannot produce a membrane-bound 
MICA. However, for MICB, only one individual was homozygous for MICB*009N. Thus, MICB might compensate for 
the lack of MICA on the membrane surface. This study might shed some light on the mechanisms underlying MICA and 
MICB function and isoforms and the evolutionary aspects of these stress-signaling and immunomodulatory molecules.
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Abstract: 
MHC class I polypeptide-related sequence A (MICA) gene encodes a glycoprotein that marks cellular stress. MICA 
expression is stimulated during viral infections and tumors and by heat shock and oxidative stress. This molecule is an 
NKG2D ligand, expressed on the surface of Natural Killer cells (NK), CD8+, and γδ T cells. MICA has two isoforms: 
a membrane-bound one and a soluble (released) isoform. The membrane-bound isoform positively stimulates the NK 
cytotoxicity, while the soluble one has the opposite effect. The MICA gene might be absent due to a copy-number vari-
ation (CNV), and this allele is called MICA-del. Here, we evaluated the distribution of the MICA-del allele in different 
populations (5,347 individuals from 80 populations) and the frequency of individuals that do not produce the mem-
brane-bound MICA, either by the presence of MICA-del or due to specific polymorphisms preventing the translation of 
the transmembrane region. The 30x 1000genomes and HGDP, and the 30x SABE (Brazilian samples) are included in 
this survey. We detected the MICA-del in 2.88% of the samples, most in the heterozygous state. Only two individuals are 
homozygous for MICA-del. This deletion is much more frequent in East Asia (9.5%) and America (1.9%), less frequent 
in Africa (1.1%), and rare among Europeans (0.06%). In America, the deletion is frequent in Peru (5.7%) and Mexico 
(8.8%) but not in Brazil (<1%). This result agrees with the ancestry composition of the Brazilian samples included in 
this survey, which presents a major European background. The higher frequency of MICA-del is linked to East Asian 
/ Native American ancestry. Some polymorphisms prevent the translation of the transmembrane region leading to the 
production of soluble MICA. These polymorphisms, together with the MICA-del allele, form a group of alleles that do 
not produce a membrane-bound molecule (no-mb-MICA). The frequency of the no-mb-MICA chromosomes is 19.7%, 
from 11.4% in the Middle East to 21.1% in Europe. Interestingly, while MICA-del is rare in Europe, alleles with poly-
morphism preventing the translation of membrane-bound isoforms are frequent. Moreover, the proportion of individuals 
homozygous for the no-mb-MICA chromosome is 10%. Therefore, the expression of MICA on the cell surface seems 
not to be crucial for NK cell activation and modulation. The presence of MICB membrane-bound isoforms might com-
pensate for the absence of membrane-bound MICA.
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INFLAMMASOME COMPLEX:  
SUSCEPTIBILITY ANALYSIS TO THE DEVELOPMENT OF OSTEOPOROSIS
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Abstract: 
The homeostasis of the skeletal system depends on a balanced dynamic between osteoclast and osteoblast activity. When 
there is an imbalance in this dynamic, with higher activity of osteoclasts, pathological resorptions occur, as observed in 
osteoporosis (OP). In this context, the immune system also plays a critical role in bone homeostasis and, consequently, 
in the pathophysiology of postmenopausal OP, with estrogen deficiency inducing an increase in the production of pro-in-
flammatory cytokines, such as IL-1β, IL-18 and TNF-α, promoting an increase in osteoclastogenesis in the bone mar-
row. When activated, the inflammasome complex genes increase pro-inflammatory cytokines, which has been related to 
the impairment of the pharmacotherapeutic treatment of OP and an increase in adverse effects. Therefore, an association 
study with single nucleotide polymorphisms (SNPs) in inflammasome pathway genes (NLRP3: rs10754558 G/C; IL-
1β: rs16944 A/G; IL-18: rs1946519 A/C, CASP1: rs61751523 T/C and CARD8: rs2043211 A/T), was conducted to 
assess whether these polymorphisms in the inflammasome pathway genes may be related to susceptibility on primary 
OP in postmenopausal women. We evaluated 196 postmenopausal OP patients and 103 healthy controls. Genotyping 
was performed using quantitative Polymerase Chain Reaction (qPCR) using Taqman® probe assays. Allele frequencies, 
genotypes, and Hardy-Weinberg equilibrium (HW) were performed using the SNPstats tool. Statistical analyzes were 
performed using GraphPad Prism 8 software. As a result, the following allele frequencies were observed in all subjects: 
NLRP3 G(64%)/C(36%), HW=0.52; IL-1β A(51%)/G(49%), HW=0.29; IL-18 A(43%)/C(57%), HW=1.00 , CASP1 
T(94%)/C(6%), HW=1; CARD8 A(72%)/T(28%), HW=0.66. However, no associations were observed between the 
evaluated SNPs and the disease’s development (p-value= >0.05). Although, despite the lack of association with the dis-
ease, more studies are needed to understand the role of genetic variants in osteoporosis. Once the inflammasome path-
way has already been shown to have an essential role in the pathogenesis of OP, finding genetic markers for the disease 
would help reduce disease severity as well as increase both diagnosis and treatment response. 
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QUANTITATIVE MHC CLASS-I/-II EXPRESSION LEVELS IN CDK12-MUTATED  
PROSTATE CANCER PATIENTS REVEAL INTRATUMORALLY T CELL  
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Abstract: 
Treatment of advanced prostate cancer (PCa) remains a therapeutic challenge. The promising improvements provided 
by new immune-checkpoint blockade (ICB) therapies have shown only modest benefits in a minority of PCa patients. 
CDK12 defective-PCa is a recently described immune active class of advanced PCa with an elevated mutational burden, 
high inflammatory levels, and increased immune cell infiltrate. CDK12 has been proposed as a predictive biomarker 
of treatment response to ICB since partial response treatment has been found among CDK12 PCa patients treated with 
ICB. This study was designed to investigate potential molecular causes of alterations to immune response among patient 
tumors with defects of CDK12 in primary (TCGA-PRAD, n = 48) and metastatic (mCRPC-SU2C, n = 10) PCa. We 
hypothesize that the expression of the MHC-I and -II genes would differ in the CDK12 defective tumors, which would 
explain the lack of response in some patients treated with ICB. Using RNA-seq data, we were able to distinguish two 
groups of tumors with CDK12 defective tumors based on differential MHC expression. Tumors with increased MHC 
levels showed the activation of several pathways associated with the immune system and elevated PD-L1, IDO1, and 
TIM3 expression. There was also increased composition of CD8+ T cells, B cells, γδ T cells, and M1 Macrophages in 
tumors with elevated MHC levels. These data suggest that MHC expression and associated immune response pathways 
may provide new biomarkers for ICB therapeutic response in CDK12-defective PCa.
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WHAT THE MORPHOLOGICAL AND MOLECULAR DATA SAY ABOUT  
THE TAXONOMY OF CAROLLIA PERSPICILLATA AND CAROLLIA BREVICAUDA  

(CHIROPTERA: PHYLLOSTOMIDAE)
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Abstract: 
Among the genus of the Phyllostomidae family, Carollia has eight species described worldwide, and in Brazil it is rep-
resented by three species: Carollia perspicillata; Carollia brevicauda and Carollia benkeithi. The species C. brevicauda 
and C. perspicillata have overlapping geographic distribution, morphological variations and stand out for their complex 
taxonomic history, characterized mainly by the difficulty in differentiating them. In this perspective, we aimed to charac-
terize via morphological and molecular data the species C. perspicillata and C. brevicauda and to infer about the taxon-
omy of these species, answering the following question: Do morphological and molecular characters indicate one or two 
taxonomic units? Collections were made in the Cerrado, Amazon and ecotone areas (Cerrado/Amazon). Morphological 
identification was carried out by means of external characters, such as coat color, weight, measurements of forearms, 
tail, tragus, ear, foot and formula, and arrangement of the dentition. From the muscle tissue total DNA was obtained, 
the cytochrome C oxidase subunit I (COI) gene fragment was amplified via PCR and the samples were sequenced. 
BIOEDIT, DNAsp, BEAST, Tracer, TreeAnnotator and MEGA X softwares were used for molecular analysis, while the 
BOLD Systems platform was used to verify similarity. Morphological characters of 72 specimens were analyzed and 
the overlap of the analyzed characters was verified, except for a character related to dentition: the 2nd incisor covered or 
not by the cingulum, where some specimens presented the 2nd incisor covered by the cingulum and others did not. As 
for the molecular analyses, we obtained 78 sequences that resulted in 40 haplotypes, with 651 base pairs, 602 conserved 
sites and 49 variables. The genetic divergence matrix revealed a low variation of 0,15% to 2,21% among the Maran-
hão haplotypes. The Bayesian Inference (IB) and Neighbor-Joining (NJ) phylogenetic trees showed the specimens in a 
strongly supported clade (1 IB and 99% NJ). As for the similarity in the BOLDSystems platform we observed a range 
of 99,51 to 100% similarity with C. perspicillata for all haplotypes, although in this platform have the record of the two 
species for this gene fragment studied. The magnitude of morphological and molecular data pointed to the occurrence 
of a single taxonomic unit of occurrence in the sampled area: C. perspicillata, although the morphological character that 
distinguishes the two species (second incisor covered or not by the cingulum) is present among the sampled specimens.
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DNA BARCODING AND SPECIES DELIMITATION FOR DOGFISH SHARKS  
BELONGING TO THE SQUALUS GENUS (SQUALIFORMES: SQUALIDAE) 
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Abstract: 
The Squalus genus comprises a group of small demersal sharks occurring circumglobally, popularly known as dogfish 
sharks. This genus exhibits a conserved morphology, thus making correct morphological identification difficult. Consid-
ering these taxonomic problems and the scarcity of molecular data, the present study aimed to identify Squalus genus 
MOTUs, using DNA barcoding for species delimitation via ABGD (automatic barcode gap discovery), PTP (Poisson 
tree process), and GMYC (general mixed Yule coalescent) employing the mitochondrial COI gene. A total of 69 se-
quences were generated from samples obtained from the American coast in both the Atlantic and Pacific Oceans. The 
ABGD analysis was the most conservative among the three applied delimitations, indicating three taxonomic units, 
while the PTP analysis revealed nine MOTUs, with two conflicting units noted between S. clarkae + S. mitsukurii and S. 
albicaudus + S. cubensis. The GMYC analysis indicated an excessive division, with S. acanthias and S. mitsukurii sub-
divided into six MOTUs each and S. blainville, into four. These findings demonstrated that Squalus presents a complex 
of previously defined species, with misidentified samples deposited in databases leading to difficulties in analyzing the 
real distribution and diversity of species belonging to this genus. Thus, further efforts to highlight possible new species 
are recommended.
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POPULATION IN THE SHARK SQUALUS ALBICAUDUS  
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Abstract: 
Overfishing and pollution of the ocean influence on changes in life strategy of populations of marine organisms, mainly 
to sharks and rays, organisms that belong to the group of elasmobranchs, and due to their specific biological charac-
teristics as k-strategists, these fishes are suffering intense population decline. Therefore, understanding the structure 
of populations becomes an important tool for the management and conservation of natural stocks. The shark Squalus 
albicaudus, popularly known as whitetail dogfish due to the white color of its tail fin, is a demersal species that is found 
in depths of 195 to 421 meters, and they growth to a maximum size of 61cm in total length. This species is currently 
classified as “Data Deficient” in the red list of IUCN (International Union for Conservation of Nature). Therefore, the 
aim of this study was to analyze the population structure of S. albicaudus in a total of 31 individuals sampled in different 
locations on the Brazilian coast. The samples were collected in localities in the states of Pernambuco, Rio de Janeiro, 
and São Paulo. The genomic library was obtained using the ddRAD (Double-Digest Restriction Site-Associated DNA) 
methodology, which resulted in 41.401.332 reads. Thereafter, filtering steps were performed using the STACKs pipeline 
and after the marker screening a panel with 455 SNPs was obtained. The diversity genetics analysis involved the use 
of the software programs GENEPOP v4.1, the ARLEQUIN v3.5.2.2, STRUCTURE, and the DAPC for the structure 
population analysis. Directional relative migration rates were calculated using the divMigrate function in R program and 
to calculate the effective population size it was used the program NEESTIMATOR v. 2. The results revealed observed 
heterozygosity was higher value than the and expected heterozygosity, and the inbreeding coefficient (FIS) was negative 
in all analyzed locations, indicating an excess of heterozygotes. The pairwise FST ranged from 0.0365 (Rio de Janeiro 
x São Paulo) to 0.0157 (Pernambuco x São Paulo), demonstrating the absence of population structuring. The STRUC-
TURE and DAPC analyses indicated that the individuals belong to a unique genetic grouping and a high gene flow was 
detected between individuals. The effective population size (Ne) was low, which NE values indicate a limited long-term 
evolutionary potential. The results obtained in this study evidenced of the occurrence of panmixia for the species in the 
analyzed localities. Therefore, the informations obtained are considered essential for enlarging the knowledge about S. 
albicaudus, this unique population has a high genetic diversity and does not have the occurrence of inbreeding within 
this population, which can be explained by the high connectivity between the localities demonstrating that these char-
acteristics can be attributed to the high potential for dispersal of this species and the reproduction of multiple paternity. 
This species is endemic of Brazil, so this information also emphasizes the need for proper management and conservation 
of the stock, such as the regulation of laws that organize or prohibit the capture, considering that it is just one population, 
the protection measures must be along species distribution area. 
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Abstract: 
The Elasmobranchs, group of organisms that includes sharks and rays, are especially vulnerable to human activities 
due to their life history and biological characteristics of low reproductive rates, high longevity and slow growth. These 
particularities consequently turn the organisms sensitive to environmental modifications and anthropogenic factors. 
The rays of genus Gymnura are popularly known as butterfly rays and present a wide distribution, with 12 species 
currently in this group. Two species occur along the Brazilian coast, Gymnura altavela and Gymnura micrura, which 
are currently suffering the intense action of factors as the intense capture process by bycatch. Population of these rays 
are declining and they are listed of IUCN (International Union for Conservation of Nature) Red list, being Gymnura 
altavela as “endangered” and Gymnura micrura as “near threatened”. In the list of ICMBio Red Book (Chico Mendes 
Institute for Biodiversity Conservation), Gymnura altavela is classified as “critically endangered”. The aim of this work 
was to use of genetic tools to identify the species and the genetic diversity of rays in the genus Gymnura from samples 
obtained from collaborators. Fragments of muscle tissue from individuals of the genus Gymnura (n=54) were obtained 
in different localities along the Brazilian coast, identified as Pará (n=9), Amapá (n=6), Alagoas (n=2), Espirito Santo 
(n=23), Rio de Janeiro (n=5), São Paulo (n=7) and Santa Catarina (n=2) and were deposited in the Laboratório de Bio-
logia e Genética de Peixes, Unesp, Botucatu (SP) collection. The DNA extraction was performed in 57 samples and the 
COI gene of the mitochondrial DNA region of each sample was amplified by polymerase chain reaction (PCR) method 
and sequenced in Sanger ABI3500. The analysis of the sequences was performed using programs Geneious 4.8.5 for 
edition and alignment. The identification of the species was performed by using the Blast tool in the National Center 
for Biotechnology Information (NCBI) database and some sequences (n=31) were collected from GenBank database. 
MEGA-X was performed in the identification of interspecific distances and the software DnaSP v6.12.03 was used to 
detect the haplotype diversity. The analysis of phylogenetic network was realized using the Neighbour-Net algorithm 
based on uncorrected p- distances using the SplitsTree 4.13.1, and the maximum likelihood tree (ML) was performed 
in the RAxML v7.2 program using the bootstrap algorithm with 1000 replication. The results showed that G. altavela 
(n=37) and G. micrura (n=17) rays species were identified by the molecular marker. The interspecific genetic distance 
value between them was 21.7% and it was observed a high haplotypic diversity (Hd) between the species analyzed, 
being that the values among all analyzed individuals of G. altavela were Hd=0.642 and of G. micrura were Hd=0.912. 
The results revealed that the molecular identification of the species from samples obtained in the collection was effective 
and resulted in the characterization of the rays G. altavela and G. micrura. Thus, considering these results obtained, it 
can be suggested that G. micrura belongs to a species complex due to the high haplotypic diversity demonstrated.
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Abstract: 
The family Loricariidae is the largest and most diverse among the Siluriformes, and Loricaria is the first taxon to be 
described for this family. Its representatives are characterized by taxonomic conflicts, due to the high degree of simi-
larities, comprising a complex of species. Therefore, this study had the objective of identifying via DNA Barcode the 
species of the genus Loricaria from the hydrographic basins of maranhenses. The collections were made in the basins of 
the rivers Turiaçu, Itapecuru, Mearim and their tributaries (Corda, Grajaú and Pindaré), using fishing gear. Specimens 
were identified using specific taxonomic keys and submitted to molecular techniques: extraction, amplification of the 
cytochrome c oxidase subunit I (COI) gene via PCR, and sequencing. The data were analyzed with BioEdit, Mega X, 
DnaSP, jModelTest, BEAST, FigTree and RaxML software. To delimit the operational taxonomic units (OTU’s) the 
ABGD, ASAP and PTP models were used. Sequences were plotted on the BOLD Systems and BLAST platforms to 
confirm morphological identification. 26 sequences corresponding to six haplotypes were obtained. H1 was constituted 
by the Grajaú and Mearim river populations, H2 (Pindaré and Mearim), H3 (Corda and Mearim), H4 (Mearim), H5 
(Itapecuru) and H6 by the Turiaçu river population, with haplotype diversity of h = 1,000 and nucleotide diversity of π 
= 0.023. The haplotypes (H1, H3 and H5) were molecularly identified as Loricaria cataphracta with similarity of 99.84, 
99.68 and 99.51%, respectively. Haplotype H6 showed similarity of 98.27% with Loricaria af. parnaíbas. For haplo-
types H2 and H4 no specific level identification was possible. Phylogenetic relationships revealed the formation of three 
distinct clades strongly supported with 99% bootstrap supports and 1.0 posterior probability. Clade I clustered haplotype 
H6, clade II clustered haplotypes H1 and H2, and clade III clustered haplotypes H3, H4, and H5. Mean genetic distances 
within clades ranged from 0 to 0.4%, while mean distances between clades ranged from 2,5 to 3,9%, with the largest 
observed between clades I and II. The ABGD, ASAP and PTP models showed the same delimitation pattern, confirming 
the occurrence of three OTU’s. The data obtained highlight the taxonomic problem for populations of Loricaria, rein-
forcing the existence of different lineages for this taxon.
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DNA BARCODE REVEALS SPECIES COMPLEX IN BATS OF THE GENUS  
PLATYRRHINUS SAUSSURE, 1860 (PHYLLOSTOMIDAE, STENODERMATINAE)  

IN THE AMAZON AND CERRADO BIOMES OF MARANHÃO
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Abstract: 
The genus Platyrrhinus contains 21 species of fruit bats, eight of which occur in Brazil. Revisions have led to constant 
changes in the classification of the genus and some relationships between its taxa remain doubtful, as well as possible 
occurrences in Brazil. The objective of this study was to identify and delimit the species of the genus Platyrrhinus oc-
curring in fragments of the Amazon and Cerrado of Maranhão, Brazil by barcode DNA. The collections were carried 
out in the Amazon biome (Godofredo Viana, Carutapera, Turiaçu) and in the Cerrado, municipality of Caxias. From the 
DNA, the COI gene was amplified via PCR and the samples were sequenced, for the molecular analysis the following 
softwares were used: BIOEDIT, DNAsp, jModelTest, BEAST, Tracer, TreeAnnotator, MEGA 11, RStudio and ABGD 
online platforms, ASAP, RAXml and bPTP. From external characters and morphometric measurements, it was possi-
ble to identify two species occurring in the Maranhão biomes: P. recifinus and P. fusciventris. However, the molecular 
analyzes were based on 69 sequences, with 602 base pairs, which resulted in 44 haplotypes, with six sequences from 
specimens from the present study and the others obtained from the Genbank of Guyana, Suriname, Ecuador, Venezu-
ela, Panama, French Guiana, Nicaragua, Colombia, Costa Rica and Brazil (São Paulo, Mato Grosso and Paraná). The 
genetic divergence matrix revealed a variation of 0.17% to 6.04% between haplotypes from Maranhão. The Maximum 
Likelihood (ML) and Bayesian Inference (IB) phylogenetic trees showed similar topologies, where the specimens of the 
present study clustered in a strongly supported clade (1 IB/ 87% ML) with P. helleri and P. recifinus. The delimitation 
analyzes for the genus using the ABGD, ASAP, bPTP and GYMIC methods showed 15, 13, 17 and 11 partitions respec-
tively, and for P. helleri there were 8, 7, 8 and 5 partitions respectively. Molecular data revealed a high divergence for 
the genus and formation of more than one cluster in the analyzes for P. helleri with specimens from the present study. 
There is no agreement in the literature for the occurrence of P. helleri in Brazil, the species Platyrrhinus incarium being 
cited as valid, but this is discussed. The present study evidences the formation of a species complex for P. helleri and P 
recifinus occurring in the Maranhão biomes.
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GENETIC CHARACTERIZATION OF THE SPECIES MOLOSSUS RUFUS AND MOLOSSUS 
MOLOSSUS (CHIROPTERA: MOLOSSIDAE) VIA MICROSATELLITE MARKERS
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Abstract: 
Bats of the genus Molossus have a complex taxonomy, with the limits of species differentiation still poorly understood. 
Within this genus the species M. molossus and M. rufus represent species complexes. Microsatellite or simple sequence 
repeat (SSR) markers, are codominant and hypervariable markers that have been widely used among closely related 
taxa such as species of the genus Molossus in which the level of interspecific divergence is less than or equal to intra-
specific. In this context, the objective was to characterize the species M. molossus and M. rufus based on microsatellite 
markers. The species were collected using mist nets, with M. molossus coming from the Atlantic Forest and Amazon 
biomes and M. rufus from the Cerrado. Total DNA was extracted from muscle tissue and the isolation and genotyping 
of six microsatellite loci was performed for both species. For the data analysis GeneMarker, GenAIEx, GENEPOP 
and STRUCTURE software was used. The latter was used to check the genetic composition of the populations using 
K=2 to K=5 intervals with 10 interactions, a burni-in period of 60,000 cycles followed by 200,000 Markov-Monte 
Carlo Chains (MCMC) samples, assuming admixture and correlated allele frequency. The population structure of the 
species studied was obtained based on the association of allele frequencies and without a priori definition of ancestry. 
Six loci genotyped, MolC27, MolA2, MolC56, MolC61, MolC109bis and MolA221 and resulted in 22 alleles. It was 
observed that alleles 228, 280 (MolA2), 250, 260 (MolC56) and 290 (MolC109bis) was found only in M. rufus. The 260 
(MolC61) and 220 (MolA221) allele only in M. molossus. The MolA2, MolC7, MolA221, MolC61 loci in M. molossus 
showed significant p value ranging from 0.0 to 0.03 for observed heterozygosity while for M. rufus the Mol C109bis 
and MolA221 loci showed p= 0. The general population structure analysis suggested by the Bayesian method revealed 
that the highest value for K found was K=2. This analysis revealed that the species have the same gene pool, but each 
species has different frequencies.
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DYNAMICS OF CHROMOSOMAL REARRANGEMENTS IN TWO POPULATIONS  
OF GYMNOTUS MAMIRAUA (GYMNOTIFORMES, TELEOSTEI)  

REVEALED BY CHROMOSOME PAINTING.
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Abstract: 
Gymnotus (Gymnotidae, Gymnotiformes) is a monophyletic genus of freshwater Neotropical electric fish. Currently, the 
genus Gymnotus has 46 species formally described, being the most studied cytogenetically. It has a large karyotypical 
diversity, with the diploid number (2n) ranging from 34 to 54 chromosomes, diverse sex chromosomes systems, in ad-
dition to the variable distribution of repetitive DNA sequences. Chromosome Painting has helped to elucidate chromo-
somal rearrangements not detected by other cytogenetic techniques, helping to understand the chromosomal evolution 
of several groups of organisms. Whole chromosome probes from the karyotype of the fish species Gymnotus carapo ori-
entalis, 2n=42, were produced by flow cytometry and have been used in comparative genomic mapping of other Gym-
notus species. To date, the karyotypes of G. carapo orientalis, 2n = 40; G. capanema, 2n = 40; G. arapaima, 2n = 44; 
and G. c. occidentalis “Catalão”, 2n = 40 have been mapped with these probes. The results demonstrate a high degree 
of chromosomal reorganization between the karyotypes of these species. The sample of the present work constitutes 
six individuals of the species Gymnotus mamiraua (GMA, 2n=54; 42m/sm+12st/a) sampled in the Reserva de Desen-
volvimento Sustentável Mamirauá, and two additional ones from de G. mamiraua (GMM, 2n = 54; 32m+6sm+16st) 
sampled in Lago Catalão, both populations in the Amazonas state (Brazil). Whole chromosome probes of Gymnotus 
carapo orientalis (GCA, 2n = 42) were hybridized in metaphases of the two populations. The results obtained show that, 
of the 12 pairs of GCA that are individualized (1-3, 6, 7, 9, 14, 16 and 18-21), five (GCA 7, 14, 19, 20 and 21) remained 
conserved in GMA. GCA 20 hybridized only one chromosome, the pair GMA 24. Six pairs of chromosomes (GCA 1, 2, 
3, 6, 9 and 16) present two signals in the GMA karyotype (3+27, 1q+8, 9q+10q, 5 +19p, 6p+14q, 15+23q, respectively). 
GCA [5, 17] revealed two signals in GMA (pairs 2p and 18), GCA [10, 11] revealed two signals in GMA (pairs 13 and 
22) and GCA [12, 13, 15] shows hybridization in pairs 6q, 16 and 20 GMA. In GMM (partial results) the chromosomes 
hybridized with the probes of the pairs GCA 1, 2, 3, 16 and 20, had conserved synteny with the population of GMA. 
Although both populations of G. mamiraua (GMA and GMM) have the same 2n, they differ in karyotypic formulas. The 
comparative analysis of the results may help to elucidate the mechanisms that occurred to differentiate the karyotypes of 
these two populations. Comparison with other species studied by whole chromosome painting shows that the karyotypic 
diversity of the group is even greater than initially observed.
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GENETIC VARIABILITY IN AEDES AEGYPTI POPULATIONS IN NORTHERN BRAZIL 
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Abstract: 
Aedes aegypti is the main vector involved in the transmission of dengue, chinkungunya, zyka, and urban yellow fever 
in countries with tropical and subtropical climates distributed throughout the world. The transmission of arboviroses 
occurs through the bite of the infected female, which is predominantly urban and domiciliary. Therefore, the prevention 
of arbovirosis epidemics is fundamentally based on population reduction. This study analyzed the genetic variability in 
Ae. aegypti populations from the states of Pará and Tocantins using mitochondrial DNA Cytochrome Subunit I (COI). 
Samples of larvae and pupae were collected in two localities and the sampling procedures were monitored by a person 
of the local health department. Traps to collect eggs were placed at the vicinity of the visited houses, where they were 
left for five days. The collected material was transported to the laboratory of Genetics and Molecular Biology at the 
CESC/UEMA, where laboratory procedures for DNA extraction and PCR were performed. The sequences obtained 
were aligned and edited in the Bioedit program, and the DNAsp, MEGA X, Arlequin, Network and BAPS programs 
were used to analyze genetic varibility. Sixty specimens from populations from Northern Brazil were sequenced. A 
fragment of 801 bp was obtained for the COI gene, with eight haplotypes, 13 informative sites for parsimony, diversities 
h= 0.6955 and π= 0.00826 were obtained. AMOVA molecular analysis of variance indicated that the greatest variation 
occurred within populations (91.14% - FST = 0.088), with significant P (<0.05). Haplotype analysis resulted in an un-
rooted haplotype network in which eight groups were defined. Phylogenetic analyses resulted in two supported clades 
with 100% bootstrap indicating the presence of two lineages corroborating the obtained results from the Bayesian 
Analysis of Population Structure. Based on the results obtained, the different levels of genetic differentiation observed 
in the populations studied point to the occurrence of two genetic lineages of Ae. aegypti occurring simultaneously in the 
northern region of Brazil.
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VALIDATION OF A MOLECULAR IDENTIFICATION SYSTEM FOR  
TRIPORTHEUS ANGULATUS (PISCES: CHARACIFORMES: CHARACIDAE)  

AND ITS APPLICATION TO DETECT THE SPECIES IN ENVIRONMENTAL DNA (EDNA) 
FROM A FLOODPLAIN LAKE IN THE CENTRAL AMAZON
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Abstract: 
Triportheus angulatus (Spix and Agassiz, 1829), popularly known as the Sardinha papuda, is abundant in lakes and 
rivers with clear, white, and black waters. This species is highly appreciated by the local population and sold in markets 
and fairs in the main cities of the Amazon State, being among the seven most commercialized fish species in the region. 
This commercial interest in smaller species has increased due to the growing fishing pressure on certain groups of spe-
cies called most valuable species, which have been presenting a reduction in their stocks, reflecting the search for new 
alternatives for fisheries. The development of molecular markers for species detection can be a cost-effective alternative. 
This approach has been promising in species detection in environmental DNA (eDNA) methodology, without the need 
to collect specimens. In this context, the current investigation attempted to validate in vitro (in gDNA) a molecular and 
specific detection system (primers and hydrolysis probe) of T. angulatus to make it available for different applications, 
including eDNA monitoring. The system was also used to verify the presence of the target species in eDNA (in situ 
tests) in the floodplain lake Cacau, Paciencia Island, Iranduba (AM) (not connected to the Solimoes river during the 
dry season). The gDNA samples from the T. angulatus (N=02) and related species (T. auritus) (N=02) were extracted 
using a commercial kit (Promega) and the partial COI mitochondrial gene was amplified and sequenced for the con-
firmation of taxonomic status, and then used in PCR and qPCR assays (in vitro test) with the primers and hydrolysis 
probe/MGB-FAM, previously developed in another study. Water samples (1 L/sample) were collected from the lake, 
filtered, and eDNA was extracted from the filtration membrane using a commercial kit (Qiagen) with adaptations. The 
system was efficient in detecting the target species in eDNA, while the correlated species were not detected. The species 
was detected in eDNA from Lake Cacau in both the dry (mean CT = 30.57± 0.60) and flood (mean CT = 26.47± 0.18) 
seasons of the river. The CT value in the dry period may indicate a lower concentration of individuals since T. angulatus 
is a migratory species that during the dry season moves from the more isolated lakes (such as Cacau) toward the river 
channel for reproduction and search for better survival conditions. During this journey some individuals may lose their 
connection with the river, becoming stranded in the lake during this period. With this, it was possible to validate the 
species-specific detection system both in vitro and in situ. This system has the potential to detect T. angulatus in studies 
that include detection in eDNA samples, opening new perspectives for monitoring the current biodiversity from envi-
ronmental samples.
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HOW DOES THE SÃO FRANCISCO RIVER TRANSPOSITION AFFECT  
NATIVE FISH SPECIES? A BIOINFORMATICS APPROACH
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Abstract: 
The São Francisco River Integration Project (PISF) is a large-scale transposition project that aims to transfer water from 
São Francisco River to Northeast Brazilian semiarid areas that suffer from seasonal droughts. Despite the effort made 
to date, little is known about the impacts of this environmental change on native species, specially of fishes.The present 
work aims to use Bioinformatic tools to reveal how the genetic diversity is distributed within and among populations 
of native fish species from the São Francisco River Basin (SFRB) area affected by PISF, using sequences available in 
GenBank. A search was conducted using the keywords “Fish”, “São Francisco River” and “COI” (cytochrome oxidase 
subunit I), and the selected species were those that matched the following criterias: 1) species must have GenBank en-
trances from samples collected in at least three different locations; 2) species must occur in the area of SFRB affected by 
PISF. The retrieved sequences were aligned and edited using MEGA11, which was also used to construct a maximum 
likehood (ML) tree. We calculated mean nucleotide diversity with pegas R package for each species, while Arlequin 3.5 
software was used to perform AMOVA analyses. Five species matched the search criteria: Astyanax bimaculatus (AB), 
with 21 individuals from five localities; Crenicichla lepidota (CL), with six individuals from four localities; Hoplias 
malabaricus (HM), with 11 individuals from six localities; Leporinus piau (LP), with seven individuals from six locali-
ties; and Serrassalmus brandtii (SB), with 15 individuals from seven localities. The low number of species that matched 
the search criteria, along with the low number of individuals and populations, reveals that there is indeed a huge gap in 
the genetics knowledge of fish species that might be affected by the PISF. Also, such a low number of individuals im-
paired more robust analyses for all species except for AB. The number of haplotypes and the nucleotide diversity levels 
were, respectively: nine and 0,0477 for AB; two and 0,0006 for CL; four and 0,0029 for HM; one and 0,0000 for LP; 
and three and 0,0007 for SB. The ML tree and the haplotype network both showed that individuals from an AB popula-
tion found upstream Três Marias Dam diverge from the remaining individuals of the species, which suggests that dams 
might provide a genetic barrier for this species. Most variation was found among populations (71,1%) and, as expected, 
samples from the same affluent shared more haplotypes than those located upstream or downstream, and samples from 
the further downstream location exhibited haplotypes that weren’t found in other locations. These findings show that 
genetic diversity within fish populations found in SFRB is generally low, and that anthropic barriers, such as dams, 
might play an important role as a genetic barrier for SFRB fish species. Furthermore, the analyses revealed that much 
more information should be gathered regarding the genetic diversity of fish species in SFRB to better comprehend the 
impacts that the PISF might have on the long-term survival of this biota.
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SCORPIONS OF THE TITYUS TRIVITTATUS “COMPLEX” (BUTHIDAE):  
A PHYLOGENETIC AND CHROMOSSOMAL APPROACH
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Abstract: 
The genus Tityus retains the greatest species richness within the scorpions, including 227 currently described species, 
distributed in Central and South Americas. Tityus (Tityus) is the second largest subgenera in number of species and 
many of its representatives have been morphologically grouped into groups or complexes. One of these complexes is 
Tityus trivittatus, which was initially delimited by morphological characters comprising the species - T. charreyroni, T. 
costatus, T. fasciolatus and T. trivittatus. Later, T. carvalhoi was inserted into this “complex” by morphological sim-
ilarity and area of distribution. Phylogenetic studies carried out with Tityus species are limited and all of them were 
based on a small number of representatives. Moreover, for studies of chromosome evolution, it is necessary to know 
the phylogenetic relationship of the group in order to establish the rearrangements responsible for the diversification of 
chromosomes, especially in species of the genus Tityus, in which a large variation of diploid number has been observed. 
Therefore, the aim of this work is to establish the chromosome evolution within the Tityus trivittatus complex. Initially, 
wetested the monophyly of the trivittatus complex and verified the relationship between the species of this group. The 
specimens were submitted to DNA extraction, PCR using primer of the mitochondrial 16S rDNA gene, sequencing and 
chromosome analysis with conventional Giemsa staining. The sequences obtained were cut at 325bp and edited in the 
Geneious (6.1.6) software, aligned using the Clustal W method. Likelihood and parsimony analyses were performed 
on IQTree and on MEGAX (6.0.6) software, respectively. The generated trees were edited in FigTree (1.4.4.). The 
phylogenetic data analyses revealed that the trivittatus “complex” and the subgenus T. Tityus were non-monophyletic 
groups Furthermore, the analyses pointed out that T. carvalhoi should be included in this “complex”, since it appears 
as a sister group of T. charreyroni. Interestingly, these two species shared the same diploid number 2n=6. Our analyses 
also supported the insertion of T. confluens within the trivittatus “complex”; Tityus confluens is well related to T. aff. 
trivittatus and their diploid numbers were similar, T. confluens with 2n=5, 6 and T. aff. trivittatus with 2n=6 in females 
and 2n=7 in males. The two populations of T. costatus do not belong to a same clade and presented distinct diploid 
numbers. The population from Santa Catarina (maculata morphotype) grouped with T. fasciolatus. This population of T. 
costatus showed the diploid number 2n=16, which is close to 2n=14 of T. fasciolatus. The population of T. costatus from 
Minas Gerais (trifasciate morphotype) showed 2n=24. In conclusion, the use of mitochondrial markers was resolutive 
for taxonomic and systematic issues in scorpions. Furthermore, although Tityus is a group with large variation in diploid 
number, the cytogenetic information was congruent with the phylogenetic studies, contributing for support many clades 
within the dendrogram.
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CO-EXPRESSION NETWORKS HELP TO UNDERSTAND HOW THE NOVEL SNP 
CHR21:22425675 REGULATES INTRAMUSCULAR FAT DEPOSITION IN BOVINE
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Abstract: 
The intramuscular fat content (IMF) is the amount of fat accumulated between muscle fibers or inside muscle cells. 
The IMF is positively correlated with beef tenderness, juiciness, and palatability, influencing consumers’ desire to re-
purchase. This important economic trait is regulated by many genes involved directly or indirectly in fat metabolism. 
Thus, understanding the molecular mechanisms responsible for IMF deposition in cattle can lead us to produce higher 
quality meat. In a previous study, we identified gene expression regulatory SNPs within genomic regions associated 
with IMF in Nellore cattle. For this, we used a SNP dataset formed by RNA-Seq transcribed variants combined with 
a high-density panel (BovineHD 770 k BeadChip, Illumina), and integrated the results from genome-wide association 
analysis (GWAS) and expression quantitative trait loci (eQTL) mapping. Within the identified regulatory SNPs in a QTL 
region associated with IMF, we discovered a novel SNP located on BTA21 (chr21:22425675), a synonymous mutation 
within the ZNF592 gene that affected the expression of seven genes and two transcription factors (TF). Therefore, in the 
current work, we used Weighted Gene Correlation Network Analysis (WGCNA) to identify differences in co-expression 
networks between chr21:22425675 genotypes (homozygous AA vs heterozygous AB), leading to a deeper investigation 
of this candidate causative mutation. For that, we separately constructed gene networks for animals with AA (N = 169, 
mean IMF = 2.89%) and AB genotype (N = 16, mean IMF = 3.15%), using a list of 12,991 genes normalized in log2-
CPM with WGCNA R package. Briefly, WGCNA uses Pearson correlations to measure the gene expression profile of 
all samples, and then, defines gene modules based on the dissimilarity of their eigengenes (the first principal component 
within a module). Each module is assigned to a color. Module-trait associations were found by correlating their eigen-
genes with IMF. Thirty-one modules were found for homozygous animals, highlighting the Saddlebrown (phenotype 
correlation = 0.2, p-value = 0.004) with 47 genes, and the Magenta (phenotype correlation = -0.2, p-value = 0.004) with 
271 genes. For heterozygous animals, 38 modules were verified, with the LightCyan (134 genes) presenting a phenotype 
correlation of -0.6 (p-value = 0.02). Using METACORE software, we performed an enrichment analysis of genes from 
these modules, as well as, constructed networks to find relevant hub genes. Process networks of muscle contraction, 
actin cytoskeleton, immune response, and inflammation were enriched using gene lists from the cited modules. For 
Saddlebrown and Magenta modules, the hub genes were HDAC3 and CTSS. HDAC3 is associated with bone adiposity 
control and lipid storage, and CTSS is a biomarker of adiposity, already found associated with meat quality traits in pigs. 
For the LightCyan (AB genotype), the hub gene was SOX17. This gene is part of a TF family involved in the specifi-
cation and differentiation of numerous cell types. In liver, SOX17 was identified as a regulator of lipid metabolism and 
fasting adaptation. Moreover, SOX17 was associated with carcass weight and backfat thickness in bovine. These results 
help us to better understand how this candidate mutation impacts IMF deposition in cattle.
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ANALYSIS OF THE REPRODUCTIVE SYSTEM OF BLUE-AND-YELLOW MACAW  
(ARA ARARAUNA) IN THE CITY OF CAMPO GRANDE, MATO GROSSO DO SUL, BRAZIL
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Abstract: 
Monogamy, polygamy and promiscuity are the main mating systems in animals. Prior to the incorporation of molecular 
analyses, it was estimated that 90% of bird species were socially and genetically monogamous. This includes the blue-
and-yellow macaw (Ara ararauna), which is not sexually dimorphic and reproduces annually. The aims of this study 
were to estimate the sex ratio and, in case extra-pair paternity occurs, its frequency in the blue-and-yellow macaw, an-
alyzing 114 free-living chicks in Campo Grande from the 2018/2019 breeding season (total of 64 nests and 114 chicks, 
including 41 nests with 2-3 chicks). DNA was extracted with proteinase K and phenol-chloroform. Molecular sexing 
was performed by PCR (primers P2 and P8). We genotyped 13 microsatellites with heterologous primers. Allele sizes 
were determined using GeneMarker. Genotyping errors were verified in Micro-checker. Population genetics parameters 
were estimated in GenAlex and Genepop. Estimates of coefficient of relatedness (r) between pairs of individuals were 
obtained in Coancestry and the probabilities of relationships were obtained in ML-relate. Molecular sexing results re-
vealed 59 females and 55 males and the chi-square test indicated that there is no evidence of deviation from a sex ratio of 
1:1, suggesting that the sample is in equilibrium under Fisher’s Principle. A microsatellite was removed from the anal-
yses due to possible linkage disequilibrium. The mean value of the coefficient of relatedness (r) of pairs of individuals 
sampled in the same nest (N = 49) was 0.464 ± 0.001 while between pairs of individuals sampled in different nests (N 
= 6,436) was 0.049 ± 0.026. The t-Student test (T statistic = -35.393 ± 0.080 for individuals sampled in different nests 
and -35.393 ± 0.184 for individuals sampled in the same nest) with p-value of 1.3470e-20, indicated strong evidence 
of difference between these means. Additionally, the observed values of r between pairs of individuals sampled in the 
same nest were in agreement with the theoretical values of r (full-siblings = 0.50; half-siblings = 0.25 and unrelated < 
0.13). Thus, among the 49 pairs of macaws sampled in the same nest, 40 seem to be full- siblings; 6, half-siblings; and 3, 
unrelated. These preliminary results suggest that the genetic mating system is predominantly monogamous in the blue-
and-yellow macaw, but there are possible cases of infidelity (half-sibs) and nest parasitism (unrelated).
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WHO IS THE FATHER? MOLECULAR MARKERS REVEAL HOW FISHING  
EXPLORATION INFLUENCES THE MATING SYSTEM OF SPINY DOGFISH
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Abstract: 
Anthropic actions directly influence the life of aquatic organisms, especially elasmobranch, group in which sharks 
and rays are inserted. Sharks have some characteristics that make them even more susceptible to extinction caused by 
overfishing, such as late sexual maturity, long periods of gestation followed by low rate per offspring. Knowledge about 
the reproductive modes of shark populations represents a fundamental point for the management and conservation for 
the species. The species Squalus acanthias is a small shark belonging to the genus Squalus, popularly known as spiny 
dogfish, widely distributed, migrating and susceptible to overfishing. Like most elasmobranch, it has an average repro-
ductive capacity (1 to 21 pups per offspring) and about 22 months of gestation. S. acanthias presents segregation by size 
and sex, in addition to bathymetric variation, females swim at smaller depths than males, further aggravating the effects 
of fishing on the species, all litters analyzed in this study were derived from miscarriages by females caught in fishing 
nets. In Argentina, there is a high occurrence of fishing on S. acanthias, which currently receives the Vulnerable classi-
fication (VU) in the IUCN red list (International Union for Nature Conservation). In this context, the present research 
aimed to study samples of S. acanthias, seeking to trace SNPs markers for kinship studies and test the hypothesis of 
the occurrence of multiple paternity (MP). The ddRADSeq library was performed with females and six litters, ranging 
from three to 12 puppies per mother, totaling 40 samples from Mar del Plata (n=17) and Puerto de Santa Cruz (n=23), 
Argentina. After sequencing, marker screening was performed, using the STACKS pipeline, resulting in 377 SNPs. In 
the COLONY v.2.0.6.2 program 35 complete sibling relationships were identified, distributed in eight groups that varied 
in size from two to five individuals, and 45 half-sibling relationships, and multiple paternity was detected in three of the 
six litters analyzed. Our results show the occurrence of MP in the two most numerous litters, corroborating the proposal 
that multiple paternity is related to litter size. Multiple paternity has been reported in other studies in individuals of the 
genus Squalus and in the species S. acanthias, but with microsatellite markers. The occurrence of this reproductive 
strategy may be related to female size and number of pups, since the larger the female, the greater reproductive potential, 
increasing the chance of a mixed litter. The findings of this study show that although S. acanthias is exploited by fishing, 
the occurrence of multiple paternity is of great importance, since maintaining genetic variability is essential for the exis-
tence of a species, especially of sharks, which have complex characteristics and a history of low population replacement.
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POPULATION STRUCTURE OF THE CRITICALLY ENDANGERED  
BRAZILIAN GUITARFISH PSEUDOBATOS HORKELII (RHINOBATIDAE)  

REVEALED BY DDRADSEQ ANALYSIS
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Abstract: 
Molecular analysis is a powerful tool that can help assess and develop conservation strategies for endangered species. 
Elasmobranchs are one of the most threatened groups of vertebrates and approximately one third of the species are 
subject to some degree of threat. Pseudobatos horkelii, the Brazilian guitarfish, is among these species and has suffered 
a severe population reduction (>80%) in recent decades, mainly due to coastal overfishing. Understanding the genetic 
diversity of this species is essential for applying adequate management and conservation strategies. This study evaluated 
the genetic diversity of P. horkelii using single nucleotide polymorphisms (SNPs) nuclear markers, obtained by a dou-
ble-digestion restriction-site-associated DNA sequencing (ddRADseq). Samples were collected in three localities along 
the Brazilian coast (Rio de Janeiro, São Paulo and Rio Grande do Sul). An average of 1,792,851 reads were obtained per 
sample and 777 SNPs were extracted. The results indicated the presence of at least two genetically distinct populations 
along the Brazilian coast, with clusters presenting differences in molecular diversity between them. Genetic flow be-
tween the clusters was estimated, and was unequal between the populations. The results obtained might be explained by 
the combination of biological characteristics with overfishing pressure in the past decades. The evidence of structured 
populations with differences in genetic diversity provide insightful information for the development of stocks manage-
ment and conservation strategies of the Brazilian guitarfish.
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AQUATIC ENVIRONMENTAL DNA (EDNA) METABARCODING: FILTERING  
METHODOLOGY TO ESTABLISH AN ENVIRONMENTAL MONITORING PROTOCOL
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Abstract: 
The eDNA analysis has shown a promise tool to streams’ biodiversity monitoring surveys, mainly due it be a non-inva-
sive, fast and cost-effective tool. However, due each stream presents a specific combination of variables (pH, tempera-
ture, dissolved sediment and O2, among others), mainly when we compare temperate, tropical and subtropical regions, 
it is necessary to standardize the protocols to offer a more robust and comparable data that result in effective biodiver-
sity management. Thus, the main of this survey was to establish a filtration protocol of eDNA in subtropical streams 
in a very impacted area. For this, we tested four filtration methods to optimize filter volume, filter pore size, filter time 
and, prefiltration viability: 1: 600 ml filtered with 0.45 μm filter; 2: two 300 ml filtrates with two 0,45 μm filters (600 
ml filtrated); 3: 1200 mL pre-filtered with 0,70 μm filter and re-filtering with 0,45 μm filter (both filters used to eDNA 
extraction); 4: 1200 mL pre-filtered with 0,70 μm filter and re-filtering with 0,45 μm filter (only 0,45 um filter used to 
eDNA extraction). The filtering was performed in the field using portable peristaltic pump (Geopump II). We use a nitro-
cellulose filter (0.45 μm, 47 mm) and a fiber glass GF/F filter (0.7 μm; 47mm) coupled a Nalgene analytical funnel. The 
filtration occurred diving the funnel about 10cm under the water surface. The funnel was coupled to peristaltic pump 
by silicone hose which was previously washed by recirculation of 5% hypochlorite to eliminate each DNA residue and 
contaminant per 5’, subsequently rinsing with stream water per 5’. Immediately after filtering, the filters were stored in 
sterile amber bottles and preserved in thermal box with ice until reaching the lab where are conditioned at -20°C until 
molecular analysis. Each filtration method was made in quadruplicate. To test the efficacy of each filtration method in 
recovered eDNA molecules we test eight set of primers from five different taxon’s groups to amplify the eDNA (one 
for bacteria; one for fungi; two for algae; two for macroinvertebrate and; two for fishes). To set of primer was tested in 
quadruplicate to each filtration method, totalizing 32 tests. Our results showed that the filtration methods 2 and 3 were 
the most efficient in capturing eDNA, recovering the largest number of reads to all taxon tested, with no statistic differ-
ences between them. The number of reads recovered was congruent with another eDNA surveys available in literature. 
By the other hand, the method 4 recovery smaller number of reads. About species recovered, methods 2 and 3 results in 
a high number of species from each taxon group analyzed. Between methods 2 and 3, we suggested the use of method 
3 due, mainly, to its shorter filtration time (about 40% smaller) which result in a saving time in the field work. Thus, we 
present an efficient field eDNA filtration method, cost and time-effective, to be used in streams’ biodiversity monitoring 
surveys in the tropical and subtropical regions.
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GRAVITY INDUCES CHANGES IN METABOLIC AND GLYCOPHENOTYPE TRANSCRIP-
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Abstract: 
Carbohydrates are an important class of molecules for life maintenance and are involved in major cellular processes, 
such as glycosylation and energy production. Environmental factors variations can modulate these mechanisms and 
produce different and unbalanced cellular homeostasis, which can lead to altered or disease states. Gravitational force 
is an important physical aspect that all living beings are submitted, and alterations in this force regulates different bio-
chemical pathways. Here, we showed that differences in gravity leads to an alteration of metabolic and glycopheno-
type transcriptomic profile. We analyzed two transcriptomic datasets of flightspace missions to the International Space 
Station (ISS) with Drosophila melanogaster pupae and female adults, and one transcriptomic dataset of Drosophila 
melanogaster pupae submitted to an hypergravity condition of 3g. The decrease in gravity to 0g leads adult female head 
to switch expression levels, with a significant sense in glucose metabolism by the decrease of insulin-like peptide 2, 
enzymes from glycolytic and oxidative phosphorylation. Also, we observed a decrease in the rate limiting step enzyme 
from the hexosamine biosynthetic pathway, Glutamine fructose-6-phosphate:amidotransferase (GFAT), responsible for 
fructose-6-phosphate deviation for generation of UDP-GlcNAc. In contrast, we observed an increase in gluconeogen-
esis enzyme fructose 1,6-biphosphatase (FBP), which led to an increase in availability of glucose and compensates the 
decrease generated by canonical pathways. Interestingly, the switch in glucose metabolism is followed by an increase in 
N and O-glycosylation, glycosaminoglycan and GPI anchor biosynthesis. Finally, pupae submitted to 0g and 3g showed 
a distinct profile of significant regulated genes pattern, with 43% of glycophenotype genes upregulated in both condi-
tions, while 57% of genes exhibited different expression patterns. Altogether, these results highlight the influence of 
gravity in Drosophila melanogaster metabolic and glycophenotype transcriptional profile, and contributes to a broader 
view of how molecular mechanisms of life are affected in different conditions.
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O-GLCNAC CHARACTERIZATION DURING TRIBOLIUM CASTANEUM DEVELOPMENT
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Abstract: 
O-GlcNAc (O-linked β-N-acetylglucosamine) is a dynamic intracellular post-translational modification (PTM) that reg-
ulates several cellular processes. This PTM is catalyzed by the covalent attachment of GlcNAc on residues of serine/
threonine in proteins by the enzyme O-GlcNAc transferase (OGT), while its removal is performed by O-GlcNAcase 
(OGA). This PTM is limited by the concentration of UDP-GlcNAc, the end-product from the hexosamine biosynthetic 
pathway (HBP) that, together with OGT and OGA levels and activity, will regulate protein O-GlcNAcylation. Although 
O-GlcNAc has been reported in all studied metazoans, functional analysis during development in Hexapoda is re-
stricted to the model organism Drosophila melanogaster. In this study, the role of O-GlcNAc during development was 
investigated in an emerging model system, the beetle Tribolium castaneum. In situ hybridization and RT-qPCR were 
performed for mRNA expression analysis during Tribolium castaneum development. Parental RNAi was performed for 
knock down experiment analysis. Comparison of the transcriptional profile of the HBP rate-limiting step enzyme glu-
tamine-6-phosphate amidotransferase (GFAT) during developmental stages showed higher levels during larval stages. 
Interestingly, OGT is modulated during embryonic development with an increase of mRNA levels during gastrulation 
while OGA remained unaltered in all stages. In situ hybridization analysis revealed an ubiquitous expression pattern of 
OGA in the embryo tissue during egg development, while GFAT is expressed in both embryonic and extra-embryonic 
cells. Finally, parental knock down of OGT by RNA interference (RNAi) shows physiological impairment of oocyte 
maturation and a decrease in egg laying and embryonic survival, while OGA knockdown did not lead to physiologically 
and phenotypic significant changes. Altogehter, these results provide an important characterization of the O-GlcNAc 
machinery in the most diverse order of insects, and suggest a critical role of O-GlcNAcylation in a stage-specific manner 
during Tribolium castaneum development.
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Abstract: 
Production and marketing of buffalo milk and their dairy products are well differentiated and have grown increasingly 
to attract consumers seeking nutritional and functional quality. After dairy cows, water buffaloes are the second most 
important species in the world in terms of milk production. Among the various genes studied with reference to the pro-
duction of milk in domestic animals leptin gene, stearoyl - CoA desaturase gene (SCD) and melatonin 1A receptor gene 
promoter (MTRN1A) were highlighted. This study aimed to evaluate genetically the buffaloes populations using leptin, 
SCD and MTRN1A genes and associate polymorphisms with the production of milk in Murrah, Mediterranean and 
mixed-breed herds in the Brazilian Amazonian region. For total DNA extraction, we collected blood samples from 69 
Bubalus bubalis subdivided into: 38 of them being Murrah breed, 18 Mediterranean and 13 mixed - breed of the Murrah 
with Mediterranean. The fragments corresponding to the analyzed genes was amplified by PCR and the polymorphism 
was detected using polymerase chain reaction - restriction fragment length polymorphism (PCR - RFLP) in the leptin 
and SCD genes and Single-Strand Conformation Polymorphism (SSCP) for MTRN1A gene. The associations of the 
different genotypes with milk production were tested via Analysis of Variance (ANOVA) and t-test using R software 
https://www.r-project.org/ and visualized with ‘ggpubr’ package. The level of significance established was 0.05. The 
A allele was more representative in leptin and SCD genes in all breed groups and A haplotype for MTRN1A gene. For 
leptin, were observed the alleles A and G. In the murrah and mediterranean breed the genotype with more percentage is 
AA, with 68% and 66% respective, however the genotype AG is the most frequent in mixed-breed, with 69%. The GG 
genotype was not found in any of the breeds. In the SCD, were observed the alleles A and C. We found AA genotype 
in the murrah and mixed-breed with higher percentage with 83% and 69%, respective, however the genotype AC is 
the more representative in mediterranean with 50%. We found the CC genotype only in the mediterranean breed. For 
MTRN1A, were observed haplotype A and B. The AA and AB genotypes is most representative in murrah breed with 
44% for mediterranean and mixed-breed AA is the most frequent with 52% and 46%, respective. All genotypes (AA, 
BB and AB) were found in all groups. The heterozygosities observed and the expected were lower or equal than 0.50 
in all of the groups studied and for all genes, excepted in the mixed-breed group for leptin gene. For leptin and SCD, 
the FIS values no indicated endogamy for all groups, in the MTRN1A only in the mediterranean. No significant effects 
between genotypes and milk production were found in the present study, but there is an indicative that AA genotype in 
leptin gene affects milk production in Murrah breed. Further studies with larger sample are necessary to prove this result.
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Abstract: 
Oryzomyini is the most taxonomically diverse tribe of Sigmodontinae subfamily, and cytogenetic studies of these species 
reflect such diversity by revealing an exceptional range of karyotype variability. The high occurrence of chromosomal 
rearrangements in Oryzomyini can be trigger by its repetitive DNA content. However, most of the knowledge about 
the repetitive DNA content consists of studies using classical and molecular cytogenetic techniques. Repetitive DNA 
include many types of elements that can be classified based on their genomic organization as tandem or interspersed 
repeats. Satellite DNA (SatDNA) is the most abundant class of tandem repeats and are dominant components of the cen-
tromeric and pericentromeric heterochromatin. In order to identify the SatDNA content on the genome of Oryzomyini 
species, we employed a combination of bioinformatic, molecular and cytogenetic techniques. Illumina paired-end reads 
of the whole genome of a male (2n = 56, FN = 56, XY) and a female (2n = 56+1B, FN = 56, XX) of Holochilus nanus 
(HNA) were used as input for a comparative analysis using the RepeatExplorer pipeline. Four from the 18 clusters re-
trieved presented globular-like graph structures, typical of SatDNA. The consensus sequence of these four clusters was 
used to design a set of primers for amplification of Fluorescent In Situ Hybridization probes. The probes were hybrid-
ized on metaphases of the male and female of HNA, in addition to five other species of tribe Oryzomyini: Cerradomys 
vivoi (CVI, 2n = 50, FN = 64, XY); Nectomys rattus (NRA, 2n = 52, FN = 52, XY); Nectomys squamipes (NSQ, 2n = 
56+2Bs, FN = 56, XX); Pseudoryzomys simplex (PSI, 2n = 56, FN = 55, XY); and Sooretamys angouya (SAN, 2n = 
58+2Bs, FN = 60, XY). The hybridization pattern on each one of the analyzed species was: (i) HNA, centromeric region 
of all chromosomal pairs, the metacentric pair 27 and Y chromosome presented a faint signal, in the X chromosomes 
the signal was almost absent and in the B chromosome the signal extended to the pericentromeric region of both arms; 
(ii) CVI, centromeric region of small autosomal pairs, no hybridization signal were detected on large autosomal pairs 
and on X and Y chromosomes; (iii) NRA, centromeric region of almost all autosomal pairs, no hybridization signal 
were detected on X and Y chromosomes; (iv) NSQ, centromeric region of almost all autosomal pairs, being faint on X 
chromosomes and almost absent on B chromosomes; (v) PSI, centromeric region of all chromosomal pairs, including X 
and Y chromosomes, and the whole arm of pair 17; (vi) SAN, centromeric region of all chromosomal pairs, including 
Y and both B chromosomes, being almost absent on X chromosome. The difference in the pattern of hybridization in 
these close related species is probably because SatDNA is one of the repetitive DNA sequences with the highest rate of 
evolution within the genome. These results represent the first characterization of SatDNA on the genome of Oryzomyini 
species and highlight the importance of integrative genomic analysis in Neotropical rodents.
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Abstract: 
The epigenetics mechanism of gene expression control participates of several process, such as the genomic imprinting, 
essential to normal development. The genes under the control of genomic imprinting presents monoallelic expression 
according to parental origin. These marks are stablished during gametogenesis and must be maintained during early 
embryo development. The imprinting control regions (ICRs) and their differential methylation regions (DMRs) regulate 
gene clusters and, among them, the ICR1(H19DMR) and ICR2 (KvDMR1) has been related to growth and develop-
mental disorders in humans and animals, especially on those conceived by assisted reproductive technologies (ARTs) 
such as in vitro production of embryos (IVP). However, how these methodologies influence epigenetics reprogramming 
and early embryo development are unknown. The aim of this study was to evaluate the DNA methylation of H19DMR 
and the expression pattern of the surrounding imprinted genes during oocyte maturation and embryo early development. 
We collected bovine oocytes before (germinal vesicle) and after (metaphase II) in vitro maturation, and embryos in five 
different periods during in vitro culture: zygote, 4-cell, 8-cell, morula, and expanded blastocyst. The H19DMR meth-
ylation were evaluated by next generation sequencing (NGS) after DNA bisulfite conversion, while the expression of 
genes located on ICR1 (H19 and IGF2) was evaluated using RT-qPCR. The H19DMR methylation analysis showed a 
hypermethylation (>61%) maintenance in all evaluated stages, excepted in 8-cell and morula that were partially meth-
ylated (between 30 and 60%). The H19 and IGF2 had specifics expression patterns during oocyte maturation and early 
embryo development, but they presented in common a downregulation between zygote and 4-cell stage followed by a 
second downregulation between morula and expanded blastocyst. The IGF2 expression was not detected on expanded 
blastocyst. These results contribute to the enrichment of knowledge concerning imprinting reprogramming during oo-
cyte in vitro maturation and culture of bovine preimplantation embryos.

Palavras-chave: In vitro production of embryos; Imprinted genes; Epigenetic Reprogramming; DNA methylation; 

Support / Acknowledgment 
Finantial Support: This study was supported by CNPq, CAPES, FAEPA, ANCP and FAPESP.

191

GENÉTICA 
ANIMAL



POPULATION GENOMIC OF THE NON-MODEL STREAM FISH BRYCONAMERICUS AFF. 
IHERINGII FROM AN IMPACTED AREA OF UPPER PARANÁ BASIN

Caroline Apolinário-silva1; Same Costa Lima6; Vilmara de Oliveira2; Diego Fernando Cadena Mantilla3; Bruno 
André Diaz Fogel4; Vanessa Paes da Cruz7; Dhiego Gomes Ferreira8; Silvia Helena Sofia9; Luiz Henrique 
Garcia Pereira5 
1Bolsista DTI - II. Av. Tancredo Neves, 6731, Foz do Iguaçu, PR, Brasil. Fundação Parque Tecnológico Itaipu Binacional, FPTI; 
2Mestranda. Av. Tarquínio Joslin dos Santos, 1000, Foz do Iguaçu, PR, Brasil. Universidade Federal da Integração Latino-
Americana, UNILA; 3Mestrando. Av. Tarquínio Joslin dos Santos, 1000, Foz do Iguaçu, PR, Brasil. Universidade Federal da 
Integração Latino-Americana, UNILA; 4Iniciação Científica. Av. Tarquínio Joslin dos Santos, 1000, Foz do Iguaçu, PR, Brasil. 
Universidade Federal da Integração Latino-Americana, UNILA; 5Professor. Av. Tarquínio Joslin dos Santos, 1000, Foz do 
Iguaçu, PR, Brasil. Universidade Federal da Integração Latino-Americana, UNILA; 6Pós-Doc. Av. Tancredo Neves, 6731, Foz do 
Iguaçu, PR, Brasil. Fundação Parque Tecnológico Itaipu Binacional, FPTI; 7Pós-Doc. Rua Rubião Junior, Botucatu, SP, Brasil. 
Universidade Estadual Paulista Júlio de Mesquita Filho, UNESP; 8Professor. PR 160, Km 0, Cornélio Procópio, PR, Brasil. 
Universidade Estadual do Norte do Paraná, UENP; 9Professora. Rod. Celso Garcia Cid, PR 445 Km 380, Londrina, PR, Brasil. 
Universidade Estadual de Londrina, UEL

Abstract: 
The use of population genomic approaches in fish species allowed accessing essential genetic information to understand 
adaptive success to hydroclimatic changes. Moreover, it provides means for ecological and biological studies to develop 
proper conservation plans. The present study is one of the first to use large scale SNPs genotypes to characterize the 
diversity and structure genetic of Bryconamericus aff. iheringi populations, a nonmodel stream fish species, widely 
distributed in the Paraná River basin. For the SNPs discovery we applied the Double Digest Restriction Site Associ-
ated DNA (ddRAD) methodology using EcoRI and MseI enzymes. The sequence libraries were sequenced using the 
Illumina NextSeq platform and the raw data were processed with Stacks pipelines. Thus, a set of 47 samples retrieved 
35.797,3 raw reads, of which 29.294,7 were kept after quality filters. The initial catalog generated by denovo_map con-
tained 2202 loci, resulted in 4.459 SNPs. To perform an initial analysis to estimate the diversity and structure genetic 
in Bryconamericus aff. iheringii, the samples were grouped according to their sampling site, so two populations were 
initially considered: 1. set of streams that flows in the left bank of the Itaipu Reservoir, on the Brazilian side; 2. set of 
streams that belonging to the sub-basin Rio das Cinzas, a tributary of the Paranapanema River. In general, expected and 
observed heterozygosity (He and Ho) were low for both populations (Pop1: He = 0.277, Ho = 0.129; Pop2: He = 0.175, 
Ho = 0.063). Fis estimates were significantly different from zero (Fis: Pop1 = 0.449; Pop2 = 0.586). The FST analyses 
suggest that genetic differentiation occurs between these two populations (Fst value = 0.326, p<0.05), and a high level 
of genetic differentiation is maintained. In the same way, the AMOVA showed that are significant variation among pop-
ulations (44%), and among individuals within populations (31%), indicating a possible second level of genetic structure. 
The initial results of clustering analyses from Structure software suggest K = 2 where Pop1 samples were different from 
Pop2 samples, while DAPC highlighted five genetic clustering across the populations, indicating that there are more 
populations structured across the samples. The high differentiation found indicates that genetic connectivity of Bry-
conamericus aff. iheringii in the Paraná River Basin is limited, which is corroborated to other studies (SSR and D-loop 
markers) for riparian freshwater fish species. In fact, the architecture of a hydrographic basin can affect spatial patterns 
of genetic diversity, gene flow and metapopulation dynamics. Based on these preliminary results further analyses will 
be performed, focusing on fine scale landscape, aim to a better understanding the genetic diversity distribution of this 
fish species. Our results contribute with relevant information to be applied at conservation and management programs 
of freshwater fish species.
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Abstract: 
The Apogonidae family (Kurtiformes), known as cardinals, represents a very diverse group of reef fish, present in all 
oceans. Some of its species exhibit the rare buccal incubation behavior of eggs, which can influence the potential for 
dispersal of the species. This group has karyotypes with reduced diploid values (2n = 34-46), but cytogenetic data for the 
family are still scarce. In this sense, the expansion of chromosomal data for the family, involving representatives from 
different oceans, represents a relevant evolutionary model of karyotype evolution. In order to understand the karyotypic 
evolution of the family, here are given the cytogenetic data that expand the phylogenetic spectrum, and allow the analy-
sis of the dispersive potential of the species and the organization of repetitive sequences in chromosomes. For this, con-
ventional cytogenetic techniques were used (Giemsa staining, Ag-NORs and Cbanding); Fluorescent in situ mapping 
(FISH) of six repetitive DNA classes (18S rDNA, 5S rDNA; retrotransposon Rex3; Microsatellites (CA)15 and (CGG)10 
and telomeric sequence), in the species Apogon americanus, Phaeoptyx pigmentaria (Atlantic Ocean), Sphaeramia ne-
matoptera and Pterapogon kauderni (Indo-Pacific). The diploid numbers if decreased (2n = 36, A. americanus; 2n = 38, 
P. pigmentaria; and 2n = 46, S. nematoptera and P. kauderni), large in Atlantic species. The heterochromatic regions are 
reduced and the Ag-NORs / 18S rDNA regions are simple. The 18S and 5S rDNA sites are non-synthenic in the Pacific 
species and co-participant in the same chromosome pair in the Atlantic species. As two microsatellite sequences, as well 
as Rex3, they are dispersed in chromosomes. The telomeric sequences exhibited interstitial telomeric sites (ITS) in A. 
americanus and P. pigmentaria, indicating a karyotypic reduction mediated by the tandem fusion mechanism with active 
participation of pericentric inversions. The family’s karyotypic diversity contrasts with the numerical conservatism of 
other reef fish groups, suggesting a possible relationship with biological factors (buccal egg incubation), which shifts the 
dispersive potential and favors a karyotypic differentiation of the group. The karyotypic characteristics of Apogonidae 
broadens the understanding of how biological and environmental factors (extrinsic factors) contribute as triggers for a 
high rate of chromosomal differentiation (intrinsic factors) in some groups of marine fish.

Palavras-chave: Karyotypic evolution; In tandem fusion; chromosomal rearrangements; repetitive DNA; telomeric 
sequences
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Abstract: 
Marine fishes, over all those inhabitating on pelagic environments or large depths, they usually have large gaps in cy-
togenetic information, restricting its use in evolutionary approaches. Among these groups, small families like Gempyl-
idae, with 16 genera and 26 species and relative importance in commercial fishery, didn’t have any chromosomal data. 
Likewise, the family Balistidae, with 42 species, presents less than half of the species with known karyotypes. Aiming 
to increase the knowledge of the cytogenetic aspects of marine fish, mainly inhabitants of insular regions of the South 
Atlantic, were analyzed the species Promethichthys prometheus and Ruvettus pretiosus (Gempylidae) and Canthidermis 
maculata and C. sufflamen (Balistidae), from the Archipelago of São Pedro and São Paulo, Meso-Atlantic region. Cy-
togenetic analysis used conventional methodologies (Giemsa staining, Ag-RON staining and Cbanding), staining with 
base-specific fluorochromes (CMA3/DAPI) and repetitive sequence mapping of 18S rDNA, 5S rDNA, microsatellite 
sequences (CA)15 and (GA)15, transposon Tol2 and retrotransposon Rex3, through fluorescent in situ hybridization 
(FISH). Promethichthys prometheus and R. pretiosus have 2n=48 chromosomes, however, they differ considerably re-
garding the karyotype formula (NF=84 and NF=50, respectively). The chromosome mapping of the different classes of 
repetitive DNA, suggest a small microstructural divergence in the chromosomes. On the other hand, C. maculata (2n=44 
and NF=56) and C. sufflamen (2n=44 and NF=58), exhibit reduced karyotypes, as result of in tandem fusions, followed 
by a low internal reorganization of the chromosomes. These first results for the Gempylidae family, indicate marked 
structural chromosomal diversification in these deep-water inhabitants, while the patterns found in the species of Balis-
tidae, corroborate the role of fusions in their karyotype evolution. The expansion of cytogenetic data for these species 
confirms the remarkable karyotype diversity and particular karyoevolutionary trends of some groups of marine fish.

Palavras-chave: Karyotype evolution; DNAr; mobile elements; repetitive DNA; deep-sea fishes
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MOLECULAR TAXONOMY OF PIMELODUS BLOCHII VALENCIENNES, 1840  
(SILURIFORMES:PIMELODIDAE):  

A COMPARATIVE STUDY IN DIFFERENT RIVER BASINS, BRAZIL
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Abstract: 
The taxonomy of the species Pimelodus blochii Valenciennes, 1840 has generated uncertainties as to the correct identi-
fication of specimens from different localities, in view of the wide geographical distribution and phenotypic plasticity 
existing in this group. Such problems highlight the need for alternative studies that can systematically diagnose and 
delimit specimens of this taxon. The present work aimed to identify by DNA barcoding specimens of P. blochii from 
the Itapecuru, Mearim and Turiaçu river basins, Maranhão state. The fish were caught using fishing gear and identified 
morphologically with the help of specialized literature. Total DNA was extracted from muscle tissue using the Wiz-
ard Genomic DNA Purification kit (Promega). Fragments of the mitochondrial cytochrome c oxidase subunit I (COI) 
gene were isolated and amplified using the Polymerase Chain Reaction (PCR) technique. PCR products were purified 
and sequenced by the didesoxytiterminal method. The generated sequences were analyzed using BioEdit, DnaSP and 
MEGA X software. For delimiting operational taxonomic units (OTUs) the ABGD and ASAP methods were used. Mo-
lecular identification was performed on the BOLDSystems platform. Sequences of P. blochii from the Amazon basin 
taken from GenBank were incorporated in the analyses. A total of 84 sequences with 643 base pairs were obtained. The 
phylogenetic tree formed clades grouping the specimens into four subgroups (88 to 99% bootstrap). One of the clades 
gathered specimens from the Itapecuru and Mearim rivers. While the specimens from the Turiaçu River basin separat-
ed into two clades, one of them grouping with specimens from the Amazon basin (mean divergence 1.7%). The mean 
genetic divergence observed within basins were 0.1 to 1.5%, and between basins the variation was 0.1 to 2.9%. When 
comparisons were made between the subgroups formed in the cladogram, the mean divergence ranged from 1.7 to 2.9% 
with the highest rates observed in fish from the Turiaçu River. However, considering the complete data set of this study 
the mean intraspecific divergence was less than 2%. The species delimitation analysis in the two criteria used (ABGD 
and ASAP) showed the occurrence of four OTUs. The molecular identification of the Maranhão haplotypes performed 
on BOLDSystems revealed genetic similarity percentages ranging from 97.77 to 100% with the species P. blochii (H1, 
H2 e H3 - Itapecuru/Mearim rivers), P. maculatus (H4 e H5 - Turiaçu river) e P. argenteus (H6 e H7 - Turiaçu river). 
Therefore, the results of molecular differences (DNA barcoding) in P. blochii indicate the existence of populations that 
constitute multispecies lineages or distinct OTUs.
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Abstract: 
The South America freshwater environments have more than 5160 registered fish species, but only 307 out of them 
are documented in the Paraguay species list. This number is underestimated due many regions remain unexplored or 
poorly sampled what is considered a problem to conservation biology and is recognized as a taxonomic impediment. 
Furthermore, it’s known that the traditional methodology (morphology) to species identification is limited manly among 
correlated species. In this way, DNA sequences has been used to assist species identification, highlighting the DNA 
barcoding methodology that use a fragment of COI mitochondrial gene. Thus, the present project aimed to inventory 
the stream fish diversity, of the most unexplored habitat in Paraguay, using an integrative approach (morphological and 
molecular data) to characterize its ichthyofauna and contribute with Paraguayan species list. We sampled 15 stream sites 
distributed throughout the left bank of the Itaipu Dam Reservoir. The sampling was performed between 2019 and 2020 
employing backpack electrofishing and active sampling by revolving rocks in a 30 m reach of each stream. The collected 
samples were fixed in absolute ethanol. To estimate sample effort, we determined species accumulation curves of each 
sampling site. Species were primarily identified using morphological characters using identifications keys. To molec-
ular approach the total DNA was isolated from fin or muscle tissue of two specimens of each morphologically distinct 
specimen using commercial kits. The partial COI gene was amplified by PCR using the set of primers FishF1/FishR1. 
Amplified products were checked on 1% agarose gels. Sequencing reactions of both DNA strands were performed using 
the BigDye® Reaction, and sequencing was performed on an ABI 3500 DNA Analyzer. The COI consensus sequences 
were aligned using the MUSCLE algorithm. Genetic distances were calculated using the distance model Kimura-2-pa-
rameter. A dendrogram based on the neighborjoining method was obtained using the MEGA software. In order to 
confirm the taxonomic identification, COI DNA sequences were compared with data?bases of the National Center for 
Biotechnology Information (NCBI), and the boldsystems.org v.4 database. We used a minimum level of similarity of 
98% to confirm the species status. This study resulted in a total of 44 species distributed in six orders and 14 families, 
most of them belonging to Characiformes and Siluriformes orders. The integrative approach proved to be useful by al-
lowing the unambiguous identification of all species, including those cases in which morphological characters were not 
conclusive for species identification, cases of cryptic species, and species with high morphological plasticity. Finally, 
our study made a relevant contribution to the knowledge of the fish diversity of Paraguay including 20 new species to 
the Paraguayan list, which represent about 45% of the species identified in this survey and an increment of 6% to general 
Paraguayan species list. Fact extremally relevant considering the relatively small area analyzed.
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Abstract: 
The hydrographic basin of the Munim River has a total area of 15,900 km², and its ichthyofauna is still poorly sampled 
with respect to molecular data. In this sense, the DNA barcode molecular tool has proved to be very valuable in the 
detection of genetic variability in fish, this technique aims to identify species by means of the mitochondrial gene Cyto-
chrome Oxidase Subunit I (COI). Therefore, this work aims to molecularly identify fishes from the upper Munim River, 
MA. The samples were obtained from the Munim River, in the municipalities of Chapadinha and São Benedito do Rio 
Preto, in the State of Maranhão, using different fishing gear. Total DNA was extracted using the Promega kit and the re-
gion of interest was amplified via PCR and sequenced in ABI 3500 (Aplied Biosystems). The sequencing products were 
submitted to software to perform phylogenetic analysis, genetic distances, and species delimitation. The BOLDSys-
tems platform was used to compare the sequences obtained with those deposited in the platform. Fifty sequences were 
obtained, corresponding to 19 species, 13 families and three orders. The phylogenetic tree revealed the formation of 
clusters strongly supported with 99% bootstrap, except for the species Hassar affinis, Hoplias malabaricus, Hyposto-
mus sp., Schizodon kenerri where the formation of subclusters was observed, suggesting the existence of intraspecific 
genetic differentiation for these taxa occurring in the Munim River basin. The mean interspecific genetic divergence 
ranged from 13.3% to 27.8%, the lowest was observed in: Schizodon kenerii and Leporinus friderici, belonging to the 
same family, and the highest divergence occurred between the species Poptella brevispina and Metynnis maculatus 
belonging to the order Characiformes. Although the specimens Pimelodus maculatus, Poptella brevispina and Hoplias 
malabaricus presented the formation of subclades their intraspecific mean was less than 2%. The species delimitation 
analyses identified 17 (ABGD), 18 (ASAP), 19 (PTP) and 19 (GMYC) OTUs. The ABGD and ASAP models indicated 
that the species Pygocentrus nattereri and Serrasalmus rhombeus form a single taxonomic unit, whereas for the PTP 
and GMYC methods they were shown in two different OTUs. Therefore, we present a molecular database, serving as a 
support to taxonomy in the identification for this hydrographic basin of Maranhão.
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Abstract: 
The bees of the genus Tetrapedia are characterized as slender and small bees, and they can be collected in trap-nests. 
These bees have specialized structures in their legs or sternum that allow them to collect and transport oil. There are 
currently 28 described species, 20 of which occurs in Brazil. Despite the low diversity of the group, the identification of 
the species is not easy. Moreover, there is a need for taxonomic studies of this group. Molecular analyzes provide im-
portant data for taxonomic studies and may help in species conservation. The objective of this work was to characterize 
the mitochondrial gene COI (Cytochrome Oxidase Subunit I) of three morphotypes of Tetrapedia bees, which occur in 
sympatry in the Cerrado region. The bees used in the present work were collected in Diamantina/MG and in Ribeirão 
Preto/SP. For this work, we used three morphotypes of bees previously separated by external morphological structures: 
T. diversipes, T. aff. Peckoltii and T. aff. curvitarsis. For the molecular analysis, 8 individuals collected in Diamantina/
MG were used: 4 T. aff. curvitarsis, 2 T. aff. peckoltii, 2 T. diversipes, and 1 individual of T. diversipes collected in Ri-
beirão Preto/SP. For the extraction of genomic DNA, the 3 right legs of each individual were removed. Subsequently, 
PCR amplification (Polymerase Chain Reaction) using primers for a fragment of the COI was perfomed. The PCR 
products were subjected to electrophoresis to verify the quality and to quantify the amplification product. The DNA 
sequencing of the fragments was performed using the Sanger method. The COI fragments had approximately 696 base 
pairs, which were used to generate the multiple alignment using ClustalW and the phylogenetic tree using Maximum 
Parsimony. After the tree was generated, it was possible to observe the separation of the three morphotypes, confirming 
the existence of three distinct species. In conclusion, the partial sequencing of the mitochondrial COI gene region was 
sufficient to separate the three analyzed species.
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INDICATORS OF THE ADULT DEVELOPMENT PROCESS AND FACTORS INVOLVED  
IN THE AGING REVERSAL PROCESS IN APIS MELLIFERA
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Abstract: 
The aging process is affected by the insulin-signaling pathway. In honeybees, functions assumed by the young bees are 
different from those assumed by the older ones, an event known as age polyethism. Another factor known as phenotypic 
plasticity, allows changes in this program. Several conditions influence this characteristic: as an example, in a demo-
graphic distribution of the colony with a lower number of young bees, the foragers assume the status of nurses, returning 
to previous tasks, such as the synthesis of royal jelly and feeding of larvae. Age polyethism reflects not only on the phys-
iology of these bees, but also on their behavior and specific metabolic pathways, such as the insulin signaling pathway 
and its molecular regulators - MicroRNAs - that participate in many systemic signaling pathways, including insulin. 
In this research we obtained results that suggests a participation of specific microRNAs, miR-8, miR-14 and miR-34, 
in the regulation of the pten, DOR, pi3k, chico and eip74ef genes that are modulated during the aging process. We also 
analyzed the fat body cells morphology in response to aging, where we found clear differences regarding the accumu-
lation of granules related to aging. We observed that these genes and miRNAs are differentially expressed not only in 
the fat body, but also in the brain, showing similar responses and/or correlated with the aging event of the workers. We 
also observed that miRNAs have high levels of expression in the fat body. We have seen that in an orphan condition, the 
expression levels of these miRNAs suffer a drop in their expression when compared to the data obtained in the controls, 
normal condition. We believe that the modulation of regulatory molecules and modification of the cytoplasmic inclu-
sions in adipose cells can be used as cytoplasmic indicators of the adult development process in these bees and probably 
in other organisms. Currently, we are working to understand if there is any reversal of both genetic and morphological 
factors in the brain, hypopharyngeal gland and fat body of bees in response to demographic shift of the colony.
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Abstract: 
Chromosomal painting in manatees has contributed to clarifying gaps about the rapid evolution of sirenians within 
Paenungulata clade. Cytogenetic studies in more Afrotheria species can provide information about their evolutionary 
dynamics, revealing important insights into ancestral karyotype in representatives of these clades. The karyotype of 
Amazonian manatee (Trichechus inunguis, TIN) was investigated by chromosome painting using whole chromosome 
probes of Florida manatee (Trichechus manatus latirostris, TML) to analyze homeologies between these sirenians. We 
found high similarity between these species, with 31 homologous segments in T. inunguis, nineteen whole autosomal 
chromosomes, in addition to sexual chromosomes X and Y. Four chromosomes from T. m. latirostris (TML 4, 6, 8 and 
9) resulted in two hybridization signals each, totaling eight acrocentrics in T. inunguis karyotype. Cytogenetic analyzes 
confirm in T. inunguis the Homo sapiens (HSA) chromosomal associations shared in Afrotheria, as synteny 5/21; in the 
Paenungulata clade they share the syntenies HSA 2/3, 22/8 18/19 and the absence of HSA 4/8. The two hybridization 
signals (TML 4, 6, 8 e 9) shared between T. inunguis, Loxodonta africana (African elephant - Proboscidea) and Procavia 
capensis (hyrax - Hyracoidea) are present in ancestral karyotype of Paenungulata (APK, 2n=58), showing that T. inun-
guis conserved these signals within genus Trichechus. Therefore, T. m. latirostris karyotype is the most derived among 
the paenungulates and among the representatives of genus Trichechus.

Palavras-chave: chromosomal evolution; sirens; ZOO-FISH; ; 

Support / Acknowledgment 
CNPq; CAPES; FUNBIO; ICMBio; FAPESPA; ZOOUNAMA-Santarém, PA; UFPa

200

GENÉTICA 
ANIMAL



DNA BARCODING STUDIES IN THE GENUS DIAPTERUS (PERCIFORMES, GERREIDAE)
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Abstract: 
The family Gerreidae (Perciformes), comprising eight genera and approximately 40 species, is common and abundant 
in tropical and subtropical coastal waters. The individuals of this family also known as mojarras, carapebas or silver 
fish, are generally small to medium sized, silvery, with laterally compressed body and have a characteristic ventral and 
protractile mouth. Gerreids stand out among the fish species caught in coastal fisheries, and are therefore considered 
important resources of world artisanal fisheries. The genus Diapterus belongs to this family, and is formed currently 
by four species: two distributed in the Atlantic Ocean, being D. auratus and D. rhombeus, and two distributed in the 
Pacific Ocean, D. brevirostris and D. aureolus. The species of this genus, mainly D. auratus and D. rhombeus, present 
high morphological similarity, making their correct identification difficult. Thereby, the main goal of the study was to 
molecularly identify specimens of Diapterus collected in the Brazilian coast, using DNA barcode. Samples of tissue 
were collected (n=55) by local fishers and research collaborators, in different regions of the Brazilian coast (Amapá, 
Pará, Ceará, Paraíba, Alagoas, Bahia, São Paulo and Santa Catarina), and deposited in the collection of the Laboratório 
de Biologia e Genética de Peixes (LBGP), Unesp, Botucatu (SP). The polymerase chain reaction (PCR) of the gene cy-
tochrome c oxidase subunit I (COI) was performed and PCR products were sequenced in a Sanger ABI3130 Sequencer. 
DNA sequences from the GenBank (n=36) of the four species were added to the final data set, being D. auratus, D. 
rhombeus, D. brevirostris, and D. aureolus, totaling 91 sequences. Geneious 4.8.5 program was used to edit sequences, 
the identification of the species was performed by using the Blast tool in the National Center for Biotechnology Infor-
mation (NCBI) database. Interspecific genetic distances and construction of the Neighbor-Joining tree (NJ) based on 
the Kimura-2-parameters model (K2P) were made on the MegaX-64, in a bootstrap algorithm with 1000 replications. 
The results showed four species, being that D. auratus (n=46), D. rhombeus (n=42) species from ocean Atlantic, and 
two others groups formed by D. brevirostris (n=2) and D. aureolus (n=1), from Pacific Ocean. The interspecific genetic 
distance value between D. auratus and D. rhombeus was 11%, between D. brevirostris and D. aureolus was 18%. The 
results revealed that despite the high morphological similarity, the molecular identification using DNA barcode (gene 
COI) of the species was effective for this group of species.
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EVALUATION OF SUITABLE RT-QPCR REFERENCE GENES IN GONADS OF  
PSALIDODON (TELEOSTEI, CHARACIFORMES) SPECIES WITH B CHROMOSOMES
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Abstract: 
B chromosomes are extra genomic elements found in many eukaryotes. Despite their dispensable nature, these elements 
harbor active protein-coding genes and are capable of influencing the cell machinery in its favor. In addition, besides 
expressing their own transcripts, these chromosomes are capable of changing the expression of genes in the standard 
chromosome complement as well. Fishes of the genus Psalidodon has a wide diversity of these elements, with at least 
eight species presenting B chromosomes. Previous analyzes revealed that in P. paranae and P. scabripinnis the presence 
of B chromosomes is associated with differential expression of specific genes. However, the accuracy of gene expres-
sion assays with RT-qPCR strongly depends on having suitable reference genes. Until now, only the hprt1 gene has been 
used as a reference gene in Psalidodon species, which makes it difficult to reliably assess the influence of B chromo-
somes in expression levels using this technique. Thus, the present study aimed to assess which are the most stable genes 
for RT-qPCR associated with the presence of B chromosomes in gonads of P. paranae (females and males), P. fasciatus 
(females), and P. bockmanni (females). For this, animals of each species were collected from different populations in 
rivers of São Paulo State, Brazil, and 0B and B+ individuals were identified by classical cytogenetic analysis. RT-qPCR 
analysis was performed using primers in exon-exon junction for common reference genes used and available in the lit-
erature (hmbs, tbp, ppiaa, pgk1, hprt1). The analysis of the most stable genes in each group was done using Normfinder 
and Genorm algorithms. In P. paranae females, both algorithms indicated tbp + hprt as the most stable genes, while in 
males the most stable were pgk1 + tbp for Genorm and hprt + tbp for Normfinder. In P. fasciatus, the most stable genes 
indicated by both algorithms were pgk1 + ppiaa, and in P. bockmanni, the genes were hmbs + ppiaa for Genorm and 
ppiaa + tbp for Normfinder. Both algorithms indicated that two is the optimal number of reference genes to be used in 
all groups. It can be considered that the results represent an important basis for B chromosome studies in fishes. Several 
findings indicate that changes in gene expression, mainly in reproductive tissues, are a key factor for the success of B 
chromosomes maintenance in individuals. The occurrence of a higher presence of B chromosomes in females of P. pa-
ranae can indicates that these chromosomes may manipulate sex-related genes. Thus, the standardization of reference 
genes in both sexes will help to further investigate possible changes in sex-related gene expression in this species and 
other components of the Psalidodon group.
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DNA BARCODE AS A TOOL FOR IDENTIFICATION OF STINGRAYS  
OF THE GENUS POTAMOTRYGON (CHONDRICHTHYES, MYLIOBATIFORMES)
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Abstract: 
Freshwater Stingrays of the Potamotrygoninae subfamily are characterized by being restricted to inland waters and are 
distributed in four genera: Paratrygon, Plesiotrygon, Potamotrygon and Heliotrygon. The Potamotrygon genus is the 
most specious, with 38 species and consequently has the widest distribution in the main rivers of South America. One 
interesting characteristic of this group of organisms is the high degree of endemism, since the species tend to inhabit a 
single watershed. Mitochondrial DNA, especially the sequence corresponding to the gene Cytochrome Oxidase subunit 
I (COI), has been widely used for molecular species identification, in a technique identified as DNA barcode. Algorithm 
systems such as Automatic Barcode Gap Discovery (ABGD) and Poisson Tree Processes (PTP) have been developed 
and work in the identification of clusters and delimitation of species. Thus, our objective was to proceed the molecular 
identification and delimitation of four species of stingrays, Potamotrygon leopoldi, P. motoro, P. orbigny and P. scobina 
that occur in the Amazonian watershed through the DNA barcode. Muscle tissue samples were collected (n=29) in dif-
ferent regions of the Amazon Basin and deposited in the collection of the Laboratório de Biologia e Genética de Peixes 
(LBGP), Unesp, Botucatu (SP). The polymerase chain reaction (PCR) of the COI gene was performed and PCR products 
were sequenced in a Sanger ABI3130 Sequencer. DNA sequences from the GenBank (n=37) of the four species were 
added to the final data set, totaling 66 sequences. Geneious 4.8.5 program was used to edit and analyze the sequences, 
and the maximum likelihood tree (ML) was performed in using the RAxML v7.2 program, in a bootstrap algorithm with 
1000 replications. Species delimitation analyzes were performed using the Automatic Barcode Gap Discovery (ABGD) 
and Poisson Tree Processes (PTP) algorithms. By morphological analyzes the species P. leopoldi, P. motoro, P. orbigny 
and P. scobina were identified and, in addition, the Blast algorithm was used to the molecular identification of these 
species, with results that reached rates above 99% of identity. The ML tree resulted in a unique cluster, thus combining 
the four species in the same group. The ABGD resulted in only one lineage for all the analyzed species, while the PTP 
program overestimated the results with 15 different lineages. These stingrays are inserted within a complex of at least six 
species of Potamotrygon genus, and considering the possibility that the diversification process probably occurred quick 
and is relatively recent. These factors imply in a greater difficulty in reconstructing the phylogenetic relationships. In 
condition of endemism, these species tend to have a lower rate of genetic diversity when compared to other fish groups. 
These results demonstrate the non-applicability of the COI gene markers for identify and correctly distinguish the spe-
cies of the genus Potamotrygon, and thus cannot elucidate the separation of the lineages. It can be considered that other 
markers with different evolutionary rates should be a better choice for understanding the interspecific relationships in 
this group and evaluate the composition and richness of species contained in this ecosystem.
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Abstract: 
Sharks and rays, organisms that compose the Elasmobranchii infraclass, are cartilaginous fish represented by 163 de-
scribed species in Brazil. They are usually characterized by presenting biological peculiarities due to their identification 
as k strategic organisms. Approximately 41.7% of the species in this group are under threatened condition and this is 
mainly due to anthropogenic factors such as modifications or loss of their habitats and overfishing. The use of the molec-
ular analysis tools as the DNA Barcode technique enabled the construction of a database, generating a global system for 
the identification of species. Considering the deficit of genetic data and information about the biodiversity of Elasmo-
branchii that occur in the Brazilian coast, our main objective was the molecular identification of elasmobranchs species, 
and in this way to provide more genetic information of the members of these groups of organisms. We used 240 samples 
of sharks and rays collected in different locations along the Brazilian coast, which are deposited in the collection of the 
Laboratório de Biologia e Genética de Peixes (LBGP) of UNESP, Botucatu (SP). After DNA extraction and purification, 
we performed the polymerase chain reaction (PCR) of the COI gene in the samples, followed by sequencing in a Sanger 
ABI3130 Sequencer. Sequences of the same species were obtained from the GenBank (N=393) and added to the final 
data set, totaling 633 sequences for analysis. Geneious 4.8.5 program was used to edit and analyze the sequences and the 
maximum likelihood tree (ML) was performed in the RAxML v7.2 program, using the bootstrap algorithm with 1000 
replications. In addition to the morphological identification, the algorithm BLAST was also used for the molecular iden-
tification of the species. The analyses resulted in the molecular identification of 20 species of sharks among the samples 
analyzed, belonging to the families Carcharhinidae (51 samples), Sphyrnidae (11 samples), Squalidae (44 samples), 
and Squatinidae (1 sample); and 10 species of rays belonging to the families Aetobatidae (3 samples), Dasyatidae (45 
samples), Gymnuridae (3 samples), Mobulidae (1 sample), Rhinopteridae (32 samples), Arhynchobatidae (1 sample), 
Rhinobatidae (18 samples). One remarkable result is the molecular identification of Mustelus higmani (26 samples), 
confirming the results obtained before by morphological data in all samples analyzed and generating a new and first 
information to be deposited in the databases about this species. The results of the present study can add useful informa-
tion about the identity of these organisms, mainly considering that sharks and rays are important components in their 
ecosystems and the correct identification of the species constitute a basic element in the proposal of managing programs 
and conservation of natural stocks. This is especially important when targeting those species that are already sensitized 
by anthropogenic factors as super exploitation or changes in their natural habitat.
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Abstract: 
Although the importance of fishing resources in the Amazon is recognized, statistical data on total fish production by re-
gion in Brazil is lacking. Despite being a symbol of folklore and popular culture in the Amazon region, knowledge about 
Hypophthalmus fishes (mapará) is still scarce. The genus is currently considered to contain six species: H. marginatus 
Valenciennes, 1840, H. fimbriatus Kner, 1857, H. edentatus Spix & Agassiz, 1829, and H. oremaculatus Nani & Fuster, 
1947. Two new species were described H. donascimientoi Littmann, Lundberg & Rocha, 2021 (sister group species of 
H. oremaculatus) and H. celiae Littmann, Lundberg & Rocha, 2021 (sister group species of H. edentatus). All are being 
marketed under the same name. The constant pressure of fishing on mapará species, including Hypophthalmus edentatus 
and H. celiae, can have ecological and economic consequences for the region. However, to provide data for management 
and conservation planning, studies are needed that allow the delimitation and recognition of species, the identification of 
fishing stocks, and the frequency with which each species is being captured. The present study aimed to implement the 
Barcode DNA approach to delimit genetic lineages in maparás marketed as Hypophthalmus edentatus and to estimate 
the frequency of occurrence and genetic variability of H. edentatus and H. celiae landed in the Brazilian Amazon basin. 
To delimit possible genetic lineages, to estimate the genetic variability and frequency of occurrence of fish collected as 
Hypophthalmus edentatus, the mitochondrial gene Cytochrome Oxidase (COI) was sequenced in 321 individuals in 22 
localities in the Brazilian Amazon basin. It was observed that 82.86% of the samples belonged to H. edentatus, while 
the remaining 17.14% belonged to another species (H. celiae). The mean genetic distance (K2P) among Hypophthalmus 
lineages was 8.93%. Species delimitation methods (GMYC and bGMYC) were implemented with which two distinct 
evolutionary groups were recovered. A total of 43 polymorphic sites defined 44 haplotypes. Haplotypic and nucleotide 
diversity were higher in H. celiae (HD = 752 ± 0.060), a species recently described. The results presented may support 
conservation, and management policies and give credibility to taxonomy in studies of the identification and diversity of 
Amazonian freshwater fish with wide coverage and inclusion of more DNA barcode data.
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Abstract: 
The order Stomiiformes includes mesopelagic and/or bathypelagic fish covering four families, 53 genera and over 450 
species, commonly known as bristlemouths, dragonfishes, hatchetfishes, ligthfishes, loosejaws, snaggletooths, or viper-
fishes. While some stomiiforms are very abundant in the worlds’ oceans, other are rarely collected and, therefore more 
difficult to identify due to the lack of comparative material and genetic samples in scientific collections, and taxonomic 
reviews. Herein, we use DNA barcoding to assess the diversity of stomiiforms collected in the Brazilian Economic Ex-
clusive Zone, onboard the N/O Alpha Crucis, during the DEEP-OCEAN Project. A total of 61 muscle samples were dis-
sected from specimens soon after collection and stored in 95% ethanol. The DNA was extracted using the DNeasy Blood 
& Tissue Kit (Qiagen) and the fragments of COI were amplified using FishF1 and FishR1 primers. The PCR products 
were visualized on agarose gels and sequenced bi-directionally. For the sequence alignment and construction phylo-
genetic trees, additional sequences were obtained on-line and each species was compared among its congeners. The 
alignment was performed using MUSCLE, the phylogenetic trees were constructed using Maximum Likelihood (ML) 
and Bayesian analyses, and the species were delimited using the GMYC and PTP model tests. A total of 9 stomiiform 
species were recovered, from 9 genera, and 3 families. The family Sternoptychidae is represented by a single species, 
Argyropelecus aculeatus Valenciennes, 1850. The family Stomiidae is the most diverse, with six species, three of which 
could not be determined to species level, Aristostomias sp., Chauliodus sp., and Photonectes sp.,in addition to Idiacan-
thus atlanticus Brauer, 1906, Malacosteus australis Ayres, 1848, and Stomias affinis Günther, 1887. Nevertheless, our 
data suggest that S. affinis belongs to a species complex with at least two species, one occurring in the Atlantic ocean and 
the other in the Pacific and Indian Oceans. The family Gonostomatidae includes at least two species from two different 
genera, Cyclothone microdon (Günther, 1878) and Sigmops elongatus (Günther, 1878). The genus Cyclothone, how-
ever, is composed by minute species that are difficult to identify morphologically; as there still samples waiting to be 
sequenced and analyzed, we suppose that we might find more species among our samples. This contribution represents 
the first effort to perform the DNA barcoding of deep-sea fishes in the western South Atlantic and, in some cases such as 
Aristostomias sp., Chauliodus sp., and Photonectes sp., the first sequences made available for those genera.

Palavras-chave: Brazilian Economic Exclusive Zone; species delimitation; Deep Sea; molecular analysis; 
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IDENTIFICATION OF GENE EXPRESSION REGULATORY VARIANTS  
ASSOCIATED WITH BACKFAT THICKNESS IN NELLORE CATTLE
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Abstract: 
Understanding the architecture of gene expression is fundamental to unravel the molecular mechanisms regulating 
complex traits in bovine, such as backfat thickness (BFT). This trait is economically important to the beef industry, as 
it affects the carcass quality. Our goal was to identify gene expression regulatory variants (eQTLs) associated with BFT 
in Nellore cattle. To identify the eQTLs, we used an imputed panel of SNPs containing genotypes from 778 progenies 
(BovineHD BeadChip 770k, Illumina), DNA-Sequencing of 20 unrelated Nellore sires, and transcribed SNPs called 
from RNA-Sequence data from muscle (Longissimus thoracis) of 192 progenies, resulting in a SNP panel of 4,522,914 
SNPs. The imputed SNPs were filtered for our population subset of 192 animals. Additionally, we performed the qual-
ity control of the variants keeping only SNPs with Minor allele frequency (MAF) > 5% and call rate > 95%, totaling 
4,436,504 SNPs. PLINK v. 1.07 was used to calculate linkage disequilibrium (LD) and pruning the variants using r² = 
0.8. As a result, 553,581 tag SNPs were used in further analyses. Before eQTL identification, population stratification 
was investigated by principal component analysis (PCA) using the genotypes from the BovineHD 770k BeadChip. The 
first two principal components (PC1 and PC2) were included as covariates in the analysis model. The eQTL identifica-
tion was performed using the R package Matrix eQTL v. 2.3, with the expression of 12,991 muscle genes normalized in 
log2-CPM (Counts per million of mapped reads) and corrected for lane and flow cell effects; the genotype file containing 
the tag-SNPs; PC1, PC2, and contemporary group (CG - animals from the same farm, year, and slaughter date) as co-
variates in the model. In this study, cis-eQTLs were defined as SNPs located up to 1 Mb away from the regulated gene, 
while trans-eQTLs were SNPs located > 1 Mb away from the gene. In total, 46,777 eQTLs were identified (32,369 Cis 
and 14,408 Trans, FDR 5%). The association between eQTLs and the phenotype was then performed in PLINK v. 1.07 
software, using 390 animals, and considering a linear model with the effects of PC1, PC2, CG, and hot carcass weight as 
covariates in the model. SNPs associated to the phenotype with FDR < 10% will be considered significant. From these 
eQTLs, four were associated with BFT. Among these, we highlight a cis-eQTL (chr23:31876455) regulating a Homeo-
static Iron Regulator (HFE) gene, which helps to regulate iron (FE) absorption by adjusting the transferrin receptor’s 
interaction with transferrin. Previous studies suggest that reduced lipogenic activities occur with lower FE content. With 
the current study we were able to identify regulatory variants associated with BFT, further contributing to a better un-
derstanding of the molecular mechanisms that underlie this complex trait.

Palavras-chave: eQTLs; Homeostatic Iron Regulator; Nellore; ; 

Support / Acknowledgment 
Processo FAPESP: 2019/04089-2

207

GENÉTICA 
ANIMAL
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OF NELORE BEEF TENDERNESS
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Abstract: 
The Nelore (Bos indicus) cattle is the most important breed in the Brazilian bovine herd. Despite being more thermotol-
erant and resistant to parasites, Nelore animals produce less tender beef than other cattle breeds. In the search for vari-
ants with applicability for meat quality improvement approaches, it is possible to use transcribed heterozygous single 
nucleotide polymorphisms (SNPs) to detect allele-specific expression (ASE), a pattern resulting from cis-regulation. 
Recently ASE was reported in bovine muscle, but the knowledge about its relationship with economically important 
phenotypes for livestock is limited. In this study, we associated the ASE pattern to the phenotypes by using previously 
reported Genomic Estimated Breeding Values (GEBVs) for 55 muscle-related traits, RNA-seq, and genotype imputation 
data from a Nelore population (N=190). For each trait, the animals were grouped in two contrasting unrelated sample 
sets (N=20) with the most divergent GEBV, classified as Low and High. To identify differential ASE SNPs regarding 
the phenotype, we used a beta-binomial model to compare the allelic ratio of an SNP between the two contrasting 
groups. We carried out a co-expression analysis from all genes containing significant SNPs using the CEMITool soft-
ware. Further, we performed a gene enrichment analysis to identify the underlying biological processes. Considering 
all the traits, we identified 1,479 differential ASE SNPs. The corresponding genes showed a co-expression module 
enriched for the protein ubiquitination process, required for proteasome degradation and beef tenderness. The UQCR11 
and NDUFA5 genes, coding to proteins belonging to the electron transport chain, were hub genes of the co-expression 
analysis and showed differential ASE SNPs related to fatty acid composition traits. Fatty acids are known to affect 
mitochondrial membrane permeability and cytochrome complexes. UQCR11 encodes to the subunit 10 of the mito-
chondrial cytochrome b-c1 complex and has a role in a proteolytic process related to meat tenderization under oxidative 
stress, highlighting the potential relationship between mitochondrial energy metabolism, fatty acids, and tenderness. 
Shear force measured 24h after slaughter (WBSF0) was the trait with more significant results, with 73 differential ASE 
SNPs. We performed a gene set enrichment analysis for this trait, observing if the co-expression modules were induced 
or repressed in the contrasting groups for the WBSF0 trait. Two modules showed opposite effects, being the genes of 
the “M1” module showing upregulation in the Low WBSF0 group (tender samples) and the genes of the “M2” module 
showing upregulation in the High WBSF0 group (tougher samples). UQCR11 is a hub gene of “M1” related to oxidative 
stress-dependent proteolysis. Hub genes of “M2” were related to myogenesis and growth traits. Integration with previ-
ously described epigenetics and predicted regulatory data of this population indicated that differential ASE SNPs were 
located in functional regions and close to variants associated with gene expression. These findings suggest the impact of 
cis-regulatory variants on both the gene expression and phenotypic variation of Nelore muscle. These results can guide 
the investigation of regulatory variants affecting the expression of candidate genes for animal breeding, focusing on the 
genomic regions that affect the phenotypes of interest.
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CHARACTERIZATION OF LEPTOPHLEBIIDAE BANKS, 1900  
(INSECTA: EPHEMEROPTERA) SPECIES IN TRIBUTARIES OF THE  

ITAPECURU RIVER, MARANHÃO, USING MITOCHONDRIAL MARKERS
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Abstract: 
The order Ephemeroptera has a wide distribution in Brazil, with fourteen families described, among them the Lepto-
phlebiidae family stands out because they are sensitive to environmental changes and considered bioindicators of water 
and environmental quality. Despite its great importance, in some regions like the Northeast there are still few studies, 
and many species are still unknown to science. One of the reasons for the difficulty or limitation of the advance of these 
studies is due to morphological identification, since taxonomic keys usually exist only for a particular life stage or ge-
nus and their morphological structures are easily damaged or lost, so molecular tools such as mitochondrial molecular 
markers can help in this problem. Therefore, this work aims to characterize and delimit species/genera of the Leptophle-
biidae family from Itapecuru River, in the Cerrado East Maranhão, using sequences of mitochondrial 16S rRNA and 
COI genes. The collections of nymphs and adults were performed in stretches of river and streams in the borders of the 
Itapecuru River Watershed, after which the specimens were identified using specific identification keys for the Lepto-
phlebiidae family. Materials deposited in the Laboratory of Aquatic Entomology of CESC/UEMA were also used and 
submitted to molecular techniques: DNA extraction, amplification of genes via PCR and sequencing. The sequencing 
products were edited and concatenated and submitted to software to perform the phylogenetic analysis, genetic distances 
and species delimitation for the COI gene. The analyses were performed with the concatenated data, obtaining a frag-
ment of 1121 base pairs, 515 for the 16S rRNA gene and 606 for COI, corresponding to 10 genera and 16 species, with 
mean intraspecific genetic divergences ranging from 0 to 0,3% and interspecific from 1,08 to 28,97%. The groupings by 
Bayesian Inference (BI) phylogenetic reconstructions showed strongly supported clades, indicating agreement with the 
species assigned by morphological identification, with the exception of Hidrosmilodon sp. and Hidrosmilodon gilliee-
sae, which were presented in separate clades. Species delimitation analyses for the COI gene identified eight OTU’s for 
the ABGD, PTP, ASAP and GMYC methods. Therefore, this work generated a pioneering genetic database for the state 
of Maranhão, whose use may have direct implications for taxonomic and conservation studies for the Family for the 
state of Maranhão and for Brazil. 
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DIRS-LIKE AND NGARO-LIKE RETROTRANSPOSONS ILLUMINATE  
CHROMOSOMAL DIVERSIFICATION INTO PIPIDAE GENOMES
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Abstract: 
The abundance and distribution of transposable elements (TEs) and other repetitive elements in genomes contribute 
to chromosomal divergence among species. Hypotheses based on the presumable primitive karyotype (2n = 20) of the 
anurans of the family Pipidae suggest that they have evolved principally through intrachromosomal rearrangements and 
polyploidization process. The Pipidae includes 41 species in four genera, Hymenochirus, Pseudhymenochirus, Pipa, and 
Xenopus. Pipa genus is the only South American pipid, while all the other genera are found in Africa. P. carvalhoi is an 
endemic species from Brazil, while X. tropicalis occurred in Sub-Saharan Africa and shared the same diploid number 
(20 chromosomes) but diverged at least 136 million years ago. Here, we tested the potential of the transposable elements 
of order DIRS to enable a better understanding of the differentiation of the karyotype among the family Pipidae and to 
expand our capacity to interpret the chromosomal evolution in this frog family. We combined genomic searches and 
chromosomal mapping by FISH experiments to evaluate the abundance and distribution of DIRS-like and Ngaro-like 
retrotransposons in the karyotype of X. tropicalis and P. carvalhoi. Comparative chromosome hybridization (CGH) ex-
periments were performed to identify species-specific regions between karyotypes. Our results evidenced chromosomal 
regions enriched by DIRS-like elements in the karyotype of X. tropicalis, as short arms of the homologous of pair 3, and 
subterminal regions of pairs 1, 2, 6 and 8. The FISH experiments using Ngaro-like probe detected a conspicuous hybrid-
ization signal on the interstitial region of the long arms of the chromosome 7, coincident with NOR-region, confirmed 
by the Ag-NOR method. Our FISH experiments didn’t detect hybridization signals with DIRS-like and Ngaro-like 
probes in the karyotype of P. carvalhoi, despite genomic searches that recovered homologs sequences of these elements 
in this genome. These results indicate the differential evolutionary history of these retrotransposons in each genome 
and their contribution to genomic diversification between species. The CGH experiments confirmed species-specific 
accumulation of repetitive DNA in chromosome pairs 3 and in pairs the 7 and 10, all signals coincident with DIRS-like 
sequences and Ngaro-like accumulation, respectively. Interestingly, chromosome 7 is a homomorphic sex chromosome 
in X. tropicalis, while in P. carvalhoi, the sex chromosome system is unknown. The evidence of accumulation of Nga-
ro-like elements on sex chromosome of X. tropicalis open a new perspective to evaluate the role TEs on the evolutionary 
trajectory of these sex chromosomes. Our results also reinforce the role of repetitive DNA in chromosomal diversifica-
tion among Pipidae species.
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GENETIC AND CHROMOSOMAL DIVERSITY IN POPULATIONS  
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Abstract: 
Endemism and disjunct populations make scorpions good models for population studies. Furthermore, integrative ap-
proaches using cytogenetic and molecular techniques have been shown efficiency in the characterization of species and 
identification of the variability of these organisms. The genus Jaguajir is represented by three South American species, 
which share the diploid number 2n=28. The species, Jaguajir agamemnon and J. rochae are found in the dry diagonal and 
have a great overlap in their distributions. Cytogenetically, only two populations of J. agamemnon and two of J. rochae 
have been analyzed. However, until then, there was no information on the genetic diversity of these populations.Thus, 
the aim of this work was to cytogenetically characterize, and evaluate the genetic diversity, using mtDNA sequences 
(COI), different populations of J. agamemnon and J. rochae distributed in the Brazilian semi-arid region. Cytogenetic 
analyzes corroborated the diploid number 2n=28 for both species However, post-pachytenic cells showed the presence 
of a chromosomal chain (12II+CIV) in some populations of the two species. Constant diploid numbers have already 
been reported for other genera of the Buthidae family, which makes it difficult to use classical cytogenetics as the only 
tool to assess intraspecific variability, as in the case of the genus Jaguajir. The genetics diversity indices, haplotypic di-
versity (Hd) and nucleotide diversity (π) were estimated for the analyzed populations. A correlation was made between 
the genetic and geographic distances of the populations using the Mantel test to verify the presence of isolation by dis-
tance between the samples. The level of population structure was estimated using Wright’s F statistic, which establishes 
how much of the total differentiation is attributed to interpopulation differentiation (Fst). For J. agamemnon, the total 
haplotypic and nucleotide diversities were, respectively, Hd=0.32 (dp=0.13) and π=0.06 (dp=0.03). Intrapopulationally, 
haplotype diversity (Hd) ranges from 0 to 0.66 and nucleotide diversity (π) ranges from 0.007 to 0.02. For J. rochae, both 
haplotypic and nucleotide diversity were slightly lower, Hd=0.15 (dp=0.09) and π=0.02 (dp=0.01). For populations of 
this species, Hd values ranged from 0.35 to 0.44 and π from 0.007 to 0.01. For J. rochae, the positive distance between 
the geographic F matrices (p=0.03) was found, about 50%, (r2=0.5) of the distance can be explained by isolation by 
isolation. This can be explained by the groups of individuals that have high values of genetic distance and that are found 
in more distant regions of the sampled area. Higher Hd and lower π values show that populations are composed of a 
large number of mostly related haplotypes. Variety values for two general species ranged from 0 to 0.9 for two species. 
Overall Fst values for each species were high, showing high variation detected between geographic locations.
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Abstract: 
The cytochrome oxidase I (COI) has been used as a barcoding identification system, with a powerful tool to solve 
taxonomic uncertainties. The sequence generated from the amplification of the COI region is compared to an online 
sequence library and a high percentage of homology with other sequence can show the species molecular identifica-
tion. The molecular identification it’s very important because it allows a more precise identification of the species and 
together with the morphological identification to have a greater accuracy to which species the individual belongs. This 
study aims to use DNA Barcoding to confirm the species identification of fishes morphologically identified as Stellifer 
rastrifer (Jordan, 1889), known popularly in Brazil as Cangoá. After this confirmation the individuals will be used for 
population analysis. A total of 150 individuals were obtained by trawling fisheries from five sampling areas: the mouth 
of Rio Doce, and estuaries of the rivers São Mateus, Ipiranga and Piraquê-açu at Espírito Santo State and the estuary 
of river Caravelas at Bahia. The DNA was extracted from muscle samples using a saline method. COI region of mito-
chondrial DNA was amplified and sequenced to forward and reverse strands. After, the resulting DNA sequences were 
edited and aligned, 115 sequences with 670 bp presented good quality and were submitted to GenBank and BOLD da-
tabases. Comparing these sequences, it was possible to identify 79 specimens as S. rastrifer, 16 as Stellifer brasiliensis, 
12 as Stellifer sp.B and eight were not correlated with any genus of the Sciaenidae family which could be a sequencing 
error. The most part of the individuals identified as S. brasiliensis was from river Doce (n= 13) and those identified as 
Stellifer sp.B (n=7) were from river São Mateus. This study shows the importance of the molecular diagnosis, to con-
firm the morphological identification because in the genus Stellifer, the juveniles may make it difficult to identify the 
morphological characteristics that differentiate the species, as they are not so evident. Then molecular confirmation is 
important to use specimens correctly identified in population genetics analysis. Therefore, the use of barcoding proves 
to be an important tool for greater accuracy in species identification and elimination of possible mistakes in taxonomic 
identification.
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IS THERE PIRAMUTABA (BRACHYPLATYSTOMA VAILLANTII) IN PURUS RIVER?  
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Abstract: 
The piramutaba (Brachyplatystoma vaillantii) (Siluriformes: Pimelodidae), is a fish whose migratory behavior aims to 
adapt its life cycle to the dynamics of the environment. In its migration route, B. vaillantii is targeted by the commercial 
fishing fleet along the Solimões/Amazonas river. Despite the great commercial importance and overfishing evidenced, 
some migration of this species aspects are not completely clarified, such as the fact that Madeira river is the only trib-
utary used for migration. The migratory hypothesis of B. vaillantii was mainly established from fishing information, 
which can lead to divergences between the landing data and what is actually caught, and in this context, fishing does 
not always capture the species throughout its complete range. Environmental DNA (eDNA) is a potentially powerful 
tool for species detection and monitoring. A Molecular and Specific Detection System (primers and hydrolysis probe-
MSDS) by real-time PCR (qPCR) developed for Brachyplatystoma vaillantii, was used to detect the species in eDNA 
samples from the Purus river, a tributary of the Solimões/Amazonas river, which is actually not included in the piramu-
taba migration area, although fishing landing data from the 1970s had already recorded the presence of the species in this 
river.Water samples at six locations (1L/collection point) were collected from the area between municipality of Lábrea 
(middle Purus) and the mouth of Purus river on the Solimões/Amazonas river. For the sampling points, physicochemical 
parameters such as pH, conductivity, oxygen, turbidity, and transparency were also considered. A water sample from 
captive piramutaba tanks was collected as a positive control. The water samples were vacuum filtered using cellulose 
membranes. The membranes were fragmented in the BeadBeater instrument (BiospecProducts). Then the eDNA was 
extracted with the commercial DNA extraction kit DneasyBlood & tissue kit (Qiagen). Subsequently, the eDNA sam-
ples were quantified in the Qubit equipment (ThermoFisher). The eDNA concentration ranged from 5.4 to 16 ng/uL. In 
qPCR assays, the target species was detected in three of six sites sampled in the Purus River. Species detection in eDNA 
using the MSDS has potential for surveying and monitoring under-known species from complex tropical aquatic envi-
ronments such as the Amazon. Environmental DNA (eDNA) sampling offers an innovative approach to overcoming the 
challenges associated with species detection in freshwater systems. With the use of eDNA it will be possible to detect 
B. vaillantii in studies that involve, for example, the geographical distribution, enabling better strategies for the conser-
vation and management of this overfished fish resource as it provides an excellent tool for monitoring the piramutaba in 
the Solimões/Amazonas River and its tributaries.
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DIFFERENTIAL EXPRESSION OF IMMUNE SYSTEM GENES IN SOCIAL BEES:  
IS THERE A CONNECTION BETWEEN IMMUNE SYSTEM READINESS,  

DIVISION OF LABOR, AND WORKER REPRODUCTION?
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Abstract: 
Invertebrates rely solely on their innate immune system to fight pathogen threats. In addition to this innate immunity, 
social insects display another layer of immunity based on social interaction (e.g., grooming) to prevent disease out-
breaks in their colonies. The honey bee (Apis mellifera L.) is the model organism for individual and social immunity in 
insects, including studies on immune gene expression. In contrast, little is known on the immune system functions in the 
stingless bees (Meliponini), which are much more variable in their social biology than the honey bees. This variability 
allows us to investigate not only the immune responses to a pathogen threat, but also whether there are species-related 
differences in the readiness of the immune system in the adult life cycle of the workers, i. e, their division of labor. Here, 
we evaluated the relative expression of a subset of immune-related genes in the head and abdominal tissues of the work-
ers of two species Frieseomelitta varia and Scaptotrigona postica, which differ remarkably in their behavioral defense 
strategies and worker reproduction. We analyzed workers of three behavioral groups, nurses, guards, and foragers, and 
found that guards of both species have higher myd88 transcript levels in the head when compared to foragers, but there 
was no difference in the expression of this Toll pathway gene in their abdomens, indicating that this branch of the insect 
immune system may actually harbor a regulatory connection with social behaviors, such as aggressiveness and foraging. 
In contrast to myd88 expression in the head, the toll, dorsal and imd genes had higher transcript levels in the abdomen 
of the foragers of S. postica compared to the guards and nurses. In the abdomen of F. varia bees, however, it was the 
guards and foragers that showed higher toll, dorsal and imd expression than the nurses. An important difference between 
the two species is that S. postica nurses are able to lay eggs, whereas F. varia workers are completely sterile. Thus, the 
dissonant expression levels of these three genes likely mirror the reproductive life-history differences of the two species. 
Therefore, our molecular data shed light on a possibly evolutionarily conserved connection in the workers of social bees 
with respect to their levels of defense behaviors against intruders, worker reproduction, and the activity/readiness level 
of their innate immune system, indicating that stingless bee species are in fact an interesting group to investigate this 
connection and possible tradeoffs in the evolution of social insect immune systems.
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SELECTION OF METHODS FOR DELIVERING CRISPR/CAS9  
IN RHODNIUS PROLIXUS EMBRYOS

Leonardo Lima de Faria1; Mateus Antonio Berni4; Jamile Mota da Silva2; Helena Marcolla Araujo3 
1Doutorando bolsista. Avenida Carlos Chagas Filho 373, bloco F, 2 andar, (21) 39386475 Ilha do Fundão, 21941-902, Rio de 
Janeiro, RJ, Brasil. Universidade Federal do Rio de Janeiro; 2Mestranda bolsista. Avenida Carlos Chagas Filho 373, bloco F, 2 
andar, (21) 39386475 Ilha do Fundão, 21941-902, Rio de Janeiro, RJ, Brasil. Universidade Federal do Rio de Janeiro; 3Professora 
titular. Avenida Carlos Chagas Filho 373, bloco F, 2 andar, (21) 39386475 Ilha do Fundão, 21941-902, Rio de Janeiro, RJ, Brasil. 
Universidade Federal do Rio de Janeiro; 4Post doctoral researcher. 2 allée Conrad Roentgen 67084 Strasbourg. Universitè de 
Strasbourg

Abstract: 
The use of molecular tools for gene editing has been progressively extended to several model organisms, including 
human cell culture. In an attempt to combine such methodologies with expanding the understanding of unconventional 
organisms, the hematophagous hemipteran Rhodnius prolixus is of special interest given its medical relevance as a vec-
tor of Chagas Disease. Based on the evolutionary conservation of genetic networks and metabolic pathways, allied to 
the existence of genetic manipulation protocols for other insects such as hematophagous Anopheles sp., we have assayed 
gene editing in the kissing bug. First, we have selected visible markers for R. prolixus through RNA interference, as 
basis for subsequent use as candidate genes for CRISPR/Cas9 knockout. Then, we tested methodologies for the delivery 
of guide RNA and a source of Cas9, since the delivery of these components to the cell interior is a major challenge. We 
have decided to test two different methods for delivery: through the mother, by the ReMoT method, and directly to the 
embryo. In ReMoT, tagged Cas9 is injected into the female abdomen, transfered to oocytes and, after fertilization, to the 
embryo. We aimed to compare the viability of microinjection in the embryo versus delivery by maternal injection and 
subsequent maternal-zygotic transfer of this system, as well as to track the effectiveness of gene edition events. Half of 
the total number of embryos resulting from ReMoT mothers was used to follow gene editing in first instar G0, while 
progression through development and viability were followed in the other half. We obtained by ReMoT a 100% injected 
female survival rate, compared to a 18% viability rate among the individually injected embryos. We can conclude that 
the injection in females is a more replicable alternative that generates a greater number of viable nymphs for further 
analysis. As strategies for tracking gene editing events, we used heteroduplex identification in gRNA-target as well as 
conventional Sanger sequencing. We were able to visibly identify G0 animals with putative editions in the genes yellow, 
scarlet and white. However, effectivenesss of gene edition as defined by deep sequencing is still low. We are currently 
testing alternative conditions for CRISPR in the kissing bug. 
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CELL CULTURE AS AN ALTERNATIVE FOR OBTAINING  
MITOTIC CHROMOSOMES IN SMALL FISH
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Abstract: 
It is estimated that there are 5,160 species of freshwater Neotropical fish with 69 families described, which represents 
a third of the planet’s freshwater, within these families we find the Characidae family with 1,211 species, the largest 
family of Neotropical fish. It is divided into four lineages: Spintherobolinae subfamily without cytogenetic information 
so far; Stevardiinae, Clade B and the subfamily Stethaprioninae with cytogenetic information, but what draws attention 
to this last group, in addition to the greater number of species that compose it in relation to the other subfamilies, is 
the presence of a large metacentric pair not found in the species of the two other lineages that raise questions such as: 
is this metacentric pair unique to Stethaprioninae? However, obtaining quality chromosomes using the conventional 
methodology through the kidney becomes inefficient, because for small fish, especially for Spintherobolus leptoura 
(Spintherobolinae) of, on average, 2 cm, it is difficult to perform. Alternatively, cell culture is an in vitro technique that 
enables the growth of cells isolated from a small tissue fragment. Thus, the aim of this study was to perform cell culture 
of S. leptoura to obtain mitotic chromosomes. It was necessary to adapt the protocol for obtaining the cell lines, so small 
fragments of regenerated and regenerating fins were removed from 7 individuals and submitted to proteolytic enzymes 
for tissue dissociation. After digestion, cells were centrifuged and maintained in complete medium (DMEM+antibiot-
ics+antimycotics+fetal bovine serum) in 24 well plates at 27°C and 5% CO2 until reaching confluence, then subcul-
tured. A total of 48 cultures were performed. Cells differentiated within 48 hrs and cell confluence was between 1 and 
10 days. These cells from different passages were used to obtain metaphase chromosomes using 0.0016% colchicine 
at 5, 10, 20 and 40 minutes. So far, it has not been possible to obtain mitotic chromosomes because it is necessary to 
standardize the technique regarding the amount and time needed for colchicine, which has not yet been possible to be 
sure about the diploid number and karyotypic formula of S. leptoura. Thus, for a better understanding of the evolution 
of this large metacentric pair, additional cytogenetic information for Spintherobolinae is necessary to affirm whether this 
metacentric pair is exclusive to Stethaprioninae or if there was a reversion of these large pairs in the other groups, as well 
as obtaining chromosome probes. to study the sharing of sequences between the species of the family, justifying only 
one lineage with 2n=52 chromosomes and the others with 2n=50. Cell culture is an excellent option for the conservation 
of genetic material and biodiversity, as it allows the creation of a bank of cryopreserved cells, avoiding the need for new 
collections and euthanasia of other individuals, especially in the case of S. leptoura, which is categorized as endangered.
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GENETIC MAPPING OF SHELL COLORATION  
IN CRASSOSTREA GASAR (BIVALVIA: OSTREIDAE)
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Abstract: 
Oyster aquaculture is an economically relevant sector that accounts for more than 30% of global aquaculture produc-
tion. However, there is little genomic and genetic data available to native Brazilian species. This is desirable since these 
species are locally-adapted to Brazilian environmental conditions. Coloration of the shell is of interest to the shellfish 
industry, but despite having a proposed simple genetic basis is still unknown. Crassostrea gasar is an oyster native to 
Brazil and naturally presents variation in coloration, including dark, golden, barred and striped. Here we describe the 
segregation patterns of these color patterns in F1, as part of our larger initiative of genetically mapping the genetic bases 
of shell and mantle coloration in Crassostrea gasar through a cost-efficient bulk segregant mapping design using con-
trolled crosses. Three F1 mapping panels established by random mating in breeding populations of roughly 246 individ-
uals each, consisting of dark individuals (DxD cross), golden individuals (GxG) and barred (BxB). F1s were raised until 
three months of age and grouped into pools of 8 individuals based on phenotypic similarity. Muscle tissue was taken 
and stored in ethanol and all pools were photographed using standard settings (Canon Powershot SX230HS camera and 
photographic ministudio). A range of categorical and continuous phenotypes were measured. The images were analyzed 
in ImageJ and R (v. 4.1.3) using the Colordistance package, and a distance matrix compared the similarity between the 
different images of the shell phenotypes. The Crassostrea gasar showed two distinct background colorations (gold and 
dark) which combined with the presence/absence of bars and stripes totalizes six different color patterns (golden, golden 
striped, golden barred, dark barred, dark striped and dark). Individuals from the cross GxG exhibited the greatest diver-
sity of coloration (golden, golden barred, golden striped, and dark striped) and individuals with a golden background 
correspond 82% to all individuals in the cross. Golden individuals were absent in the cross DxD and BxB. Barred F1s 
were observed in all crosses. This pattern suggests that both traits are under independent monogenic control, that gold 
is dominant over dark background coloration and that the presence of bars is recessive. A similar phenotype has been 
analyzed in Crassostrea gigas, but in that case gold was the recessive coloration, suggesting that the convergent pig-
mentation patterns are under different genetic control and likely evolved independently.
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WHOLE GENOME AND RNA SEQUENCING ALLOWS IDENTIFICATION OF PREDICTED 
DELETERIOUS MUTATIONS IN IL12RB2 AND SCL24A2 THAT ARE ASSOCIATED WITH 

MUSCLE WATER HOLDING CAPACITY THROUGH NON-ADDITIVE GENETIC EFFECTS
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Abstract: 
Non-synonymous genetic variation caused by single nucleotide polymorphisms (nsSNPs) alters the encoded amino acid 
at the mutated site and may cause structural and functional changes in the protein, and possibly impact complex traits. 
The water-holding capacity (WHC) is the ability of meat to hold part of its water and it is one of the most important 
traits of meat quality. Our goal was to identify non-synonymous SNPs (a.k.a. deleterious SNPs) associated with WHC 
measured seven days after slaughter (WHC7) in the Nellore beef. For our analysis, we used an imputed panel of SNPs 
containing genotypes from 778 progenies (BovineHDBeadChip 770k, Illumina), DNA-Sequencing of 20 unrelated Nel-
lore sires and transcribed SNPs called from the RNA-Sequencing of 192 progenies, which were resolved into a panel of 
4,522,914 SNPs. The imputed SNPs were filtered for a subset of 390 animals. For quality control, we kept only SNPs 
with minor allele frequency (MAF) > 5% and call rate > 95%. To identify the deleterious SNPs, we used VEP for variant 
annotation and classification according to the SIFT score. From the total 4M SNPs, 3,527 were classified as deleterious 
or deleterious low confidence. To associate the SNPs with WHC7, we used a mixed model using GENESIS R/Biocon-
ductor package with age as a covariate, genomic relationship matrix and the contemporary group as random effects, 
which detected 12 QTLs with a dominant effect and 2 QTL with a recessive effect (FDR-BH < 0.05). Our results sug-
gest that these deleterious SNPs may affect pH regulation-related mechanisms and inflammatory responses in skeletal 
muscle cells. Two QTLs, chr3:77969117 (IL12RB2 gene) and chr8:24532838 (SLC24A2 gene), had amino acid changes 
from Asparagine to Threonine and Arginine to Tryptophan, respectively. IL12RB2 gene is an Interleukin-12 Receptor 
Subnit Beta-2, which contributes to the inflammatory response and host defense. Preslaughter immunological stress can 
significantly decreases pH postmortem in chicken breast muscle and increase WHC. SLC24A2 gene is a Solute Carrier 
Family 24 member 2 that mediates the extrusion of Ca2+ ion and K+ ion in exchange for Na+ ions. Previous studies 
show that impairment of the ability to control calcium release into the sarcoplasm of the muscle cell can accelerate the 
release of calcium causing rapid contraction, a rise in muscle metabolism and a decline of pH. Changes in pH during 
storage affect the WHC through a switch in the isoelectric point of proteins in meat. Moreover, enrichment analysis 
performed in METACORE resulted in process networks related to cell adhesion, inflammation, immune response, and 
cytoskeleton rearrangement. In special, the Amphoterin signaling process networking (FDR < 5,710E-03) stimulates 
myogenesis and counteracts antimyogenic factors, a key factor for meat quality. Our results evidence deleterious SNPs 
associated with WHC7, which may further contributing to a better understanding of the molecular mechanisms that 
underlie meat quality.
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GENOME-ENABLED PREDICTION OF BREEDING VALUES FOR PACKAGE  
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Abstract: 
The accuracy of genomic selection is related to several factors, one of which is the methodology used for genome-en-
abled prediction of breeding values. The aim of this study was to assess the predictive ability of different Bayesian 
models for genome-enabled prediction of package cell volume (PCV) in Santa Inês sheep. The dataset consisted of 583 
animals genotyped using the Ovine SNP50 Genotyping BeadChip (Illumina), with 54,516 SNPs. After quality control, 
the number of genotyped animals and SNP markers available were 583 and 43,764, respectively. The Bayesian models 
considered were Genomic Best Linear Unbiased Predictor (GBLUP), BayesA, BayesB, and Bayesian Lasso (BLASSO). 
The predictive quality of the models using PCV adjusted for the effects of farm and sex was evaluated by a leave-one-out 
cross-validation technique. The criterion adopted to compare the predictive ability was defined as r(PCV*, GEBV)/h, 
where r is the Pearson correlation, PCV* is the adjusted PCV, GEBV is the genomic estimated breeding value, and h is 
the square root of the estimated heritability for PCV. For all models, the accuracies were moderate, ranging from 0.540 
to 0.564. The BayesB provided slightly better accuracies for PCV than the other Bayesian models, increasing the pre-
diction accuracy by around 2.30%, 3.72%, and 4.26% compared with GBLUP, BayesA, BLASSO models, respectively. 
Our results indicate that the BayesB is a suitable method for the prediction of genomic breeding values for package cell 
volume in Santa Inês sheep, presenting better predictive ability. However, the other Bayesian models (GBLUP, BayesA 
and BLASSO) may also be considered adequate models due to the small difference in accuracy compared to the BayesB 
model, with emphasis on the GBLUP model due to the low computational cost for training the model and the possibility 
of incorporating non-genotyped animals into the analysis using single-step procedures.
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Abstract: 
Combining high-throughput phenotyping and genomic-assisted selection may contribute to accelerate the genetic gain 
for traits that are hard or expensive to measure. Motivated by this assumption, this study aimed to compare the prediction 
ability of the GBLUP (Genomic Best Linear Unbiased Predictor) model using the observed packed cell volume (PCV) 
and image-based packed cell volume (PCVimg) Santa Inês sheep. The dataset consisted of 241 genotyped animals with 
phenotypic records available for PCV and ocular conjunctiva images. A random forest approach was used to segment the 
images, i.e., to select the pixels that belong to the ocular conjunctiva. After segmentation, the quantiles (1, 10, 20, 30, 40, 
50, 60, 70, 80, 90, and 99%) of color intensity in each channel (red, blue, and green) were determined and used as input 
in the random forest model to predict PCV. The animals were genotyped using the Ovine SNP50 Genotyping BeadChip 
(Illumina), with 54,516 SNPs. After quality control, the number of genotyped animals and SNP markers available were 
241 and 43,764, respectively. The results of the GBLUP model were compared using two pseudo-phenotypes, PCV and 
PCVimg, adjusted to farm, sex, and collection month effects. The predictive ability of the GBLUP model was evaluated 
by a leave-one-out cross-validation technique. The criterion adopted for comparing the predictive ability was defined 
as r(PCV*, GEBV)/h, where r is the Pearson correlation, PCV* is the adjusted PCV, GEBV is the genomic estimated 
breeding value, and h is the square root of the estimated heritability for PCV. The accuracies were relatively low for both 
analyses. However, the GBLUP using PCV as pseudo-phenotype showed slightly better accuracy than using PCVimg, 
with values of 0.16 and 0.13, respectively. Despite the relatively low prediction accuracies, both pseudo-phenotypes 
presented similar predictive ability. Nonetheless, the image-based analysis is cost-effective compared with the direct 
measurement of PCV, which depends on laboratory tests. Furthermore, assessing indirectly the PCV based on the im-
age data provides an opportunity for continually recording this phenotype throughout the animal lifetime, which can 
improve the genomic prediction without increasing costs due to multiple laboratory samples for the same animal. In 
conclusion, the results suggest that it is feasible to predict the GEBV from image-based PCV, providing fundamental 
information for decision-making in sheep genomic selection. Nonetheless, more studies using larger datasets are needed 
to better elucidate and improve the predictive quality of the model.

Palavras-chave: genomic selection; image analysis; prediction accuracy; ; 

Support / Acknowledgment 
This work was supported by São Paulo Research Foundation (FAPESP) [grant numbers #2012/15982-0, #2016/14522-7 and 
#2017/50339-5]. L. A. Freitas received a fellowship from FAPESP (grant numbers #2018/01540-2 and #2020/03575-8). C.C.P. Paz 
helds productivity research fellowship from CNPq (Conselho Nacional de Desenvolvimento Científico e Tecnológico). This study 
was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES) - Finance Code 001.

220

GENÉTICA 
ANIMAL



DIFFERENTIAL EXPRESSION PATTERNS PROVIDE EVIDENCE OF THE ROLE  
OF BAT TYPE-I INTERFERON SYSTEM 

Lucas da Silva e Silva1; Lucas Palheta Gomes2; Maíra Pompeu Martins3; Maria Paula Cruz Schneider  4 
1Mestrando. R. Augusto Corrêa, 01 - Guamá, Belém - PA, 66075-110. Federal University of Pará ; 2Discente. R. Augusto Corrêa, 
01 - Guamá, Belém - PA, 66075-110. Federal University of Pará ; 3Dra. Professora. R. Augusto Corrêa, 01 - Guamá, Belém - 
PA, 66075-110. Federal University of Pará ; 4Dra. Professora - titular. R. Augusto Corrêa, 01 - Guamá, Belém - PA, 66075-110. 
Federal University of Pará

Abstract: 
Bats are known to harbour many emerging and reemerging viruses, many of which are highly pathogenic in other mam-
mals, being able to sustain these viruses not demonstrating overt signs of disease. The unique ability of bats to control 
virus infection-induced may be the result of rapid control of viral replication early in the immune response. Additionally, 
bat species could have evolved different strategies or a combination of strategies to control exaggerated inflammatory 
responses against viral pathogens. Here, we assessed the transcriptional profile of inflammatory, interferon, and interfer-
on-stimulated genes using quantitative real-time PCR in three bat species, Lophostoma silvicola, Carollia perspicillata, 
and Phyllostomus discolor, in three distinct organs, kidney, intestine, and brain. We observed the accumulation of IFN-β 
transcripts at a higher level compared to IFN-α. Furthermore, our results revealed that IFN-α genes are constitutively ex-
pressed in different patterns among the evaluated organisms and tissues. Interferon-α genes are generally constitutively 
expressed in bat tissues and cells, and their expression is unaffected by viral infection. Through genomic analysis was 
observed that bats have fewer IFN-α family members compared to other species. The ubiquitous expression pattern of 
IFN-α may provide bats with a highly effective system for controlling viral replication. Our results are consistent with 
other bat species and may contribute to the comprehension of the ability of bats to be a reservoir of a variety of viruses. 
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Abstract: 
Natural hybridization zones are defined as a region where the crossing of individuals from two distinct populations, 
groups of populations or species occurs.This phenomenon can be established through an extensive zone of genetic 
mixing, with a variable amount of gene introgression, which can favor gene flow from one species to another. Important 
evolutionary mechanisms can act in these contact zones, intensifying the promotion or prevention of divergence be-
tween taxa, depending on numerous ecological factors. The genus Sapajus, Order Primates, is notorious for presenting 
a marked degree of mixing between species, having recently described a zone of natural hybridization between S. libid-
inosus and S. flavius. Regarding management measures for conservation, the identification of hybrid individuals only 
by morphological characters becomes an extremely complex task. Aiming at directing the management of populations 
of animals of the genus Sapajus from captivity, the present work aimed to carry out the genetic characterization of in-
dividuals of the genus found in the ex situ condition, in order to verify the presence of hybrid animals and individuals 
with high degree of belonging to the species S. flavius ??and S. libidinosus, which hybridize naturally. The work was 
developed using single nucleotide polymorphisms (SNPs) genetic markers from the Double Restriction Enzyme Di-
gestion technique, followed by next-generation sequencing (ddRADseq). After filtering and assembling the sequences 
obtained using the ipyrad program, the final data matrix was converted into the necessary format for further analysis 
of the population genetic structure through the STRUCTURE software and principal component discriminant analysis 
(DAPC). Two stages of genetic structure analysis were carried out: 1) to verify the genetic grouping of captive individ-
uals when compared to representatives of all species of the genus Sapajus; 2) To analyze the genetic structure of captive 
individuals identified in the first analysis with genetic inheritance only of S. flavius ??or S. libidinosus, using a data 
matrix with free-living individuals of these two species and defining as non-hybrid those with > 90% belonging to each 
of the species. In the first analysis, the free-living individuals were divided into three groups: Southeast-South Atlantic 
Forest (S.robustus, S.xanthosternos and S.nigritus); Amazon (S.apella, S.macrocephalus, S.cay); and Cerrado-Caatin-
ga-Mata Atlântica north of the São Francisco River (S.flavius ??and S.libidinosus), being the species of this last group 
of interest in the present study. The captive individuals had a potential origin in the northeast region and, therefore, in 
the first analysis, all 59 individuals grouped as expected in the Cerrado-Caatinga-Mata Atlântica group. In step 2, the 59 
individuals from the previous step were evaluated, of which 10 were identified as S. flavius, 14 as S. libidinosus and the 
remaining 35 individuals as hybrids between these species. The results therefore pointed to a high incidence of hybrid 
animals found in captivity with some animals of high belonging to the species, being extremely important for directing 
management measures in a more precise way based on molecular markers.
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DARK MATTER OF THE DARK MATTER: RETROTRANSPOSED GENES  
ON THE B CHROMOSOME OF THE TETRA-FISH PSALIDODON PARANAE  

(TELEOSTEI, CHARACIFORMES)

Lucas Fortino Lasmar1; Duílio Mazzoni Zerbinato de Andrade Silva1; Mateus Rossetto Vidal1; Ricardo 
Utsunomia2; Leticia Batista Soares3; Claudio de Oliveira4; Fausto Foresti4 
1Pós graduando. Distrito de Rubião Júnior, s/n - Rubião Junior, SP, 18618-970. São Paulo State University - UNESP, Botucatu, 
São Paulo, Brazil; 2Docente. Av. Eng. Luiz Edmundo Carrijo Coube, 14-01 - Vargem Limpa - Bauru/SP - CEP 17033-360. São 
Paulo State University - UNESP, Bauru, São Paulo, Brazil.; 3Graduando. Distrito de Rubião Júnior, s/n - Rubião Junior, SP, 
18618-970. São Paulo State University - UNESP, Botucatu, São Paulo, Brazil; 4Docente. Distrito de Rubião Júnior, s/n - Rubião 
Junior, SP, 18618-970. São Paulo State University - UNESP, Botucatu, São Paulo, Brazil

Abstract: 
B chromosomes are additional genomic elements that perpetuate in a parasite-like manner in cells of eukaryotic or-
ganisms. They are mainly composed of repetitive DNA in addition to some pseudogenes and protein-coding genes. 
Retrotransposed pseudogenes were reported on the B chromosomes of cichlid fishes, while in the characid fish genus 
Psalidodon, pseudogenes were reported to occur in B chromosome variants. In this context, this study aimed to evaluate 
the structure of two pseudogenes (sbno2-B and simc1-B) in these variants, as well as to verify if they are associated with 
differential gene expression levels between 0B and 1B individuals. For this purpose, samples of Psalidodon species 
exhibiting different variants of the metacentric B chromosomes, BpM (P. paranae), BbM (P. bockmanni), BfMa and 
BfMb (P. fasciatus) were collected localities of the Sao Paulo State, Brazil. After cytogenetic analyses of individuals, a 
multiple sequencing approach was used, as follows: i) gDNA of 0B and 1B samples (3 individuals per group) for short-
read sequencing in BGISEQ-500 (2x150bp); ii) gDNA of a 1B sample with PacBio Sequel; and iii) mRNA samples of P. 
paranae with BGISEQ-500. After adapter and quality trimming, the reads were mapped against the selected genes using 
the SSAHA2 software to generate coverage plots, as well as to recover B-linked SNPs to measure B-paralogs expression 
in P. paranae. Furthermore, PCR reactions were performed using primers at the exon-exon junctions in the regions with 
higher read coverage in the 1B libraries. Coverage analyses evidenced that both pseudogenes are highly conserved and 
present in all B-variants, except in BbM (sbno2-B) and BfMa (simc1-B). Remarkably, long and short gDNA reads were 
mapped in some of the exon-exon junctions for both genes, which were confirmed by PCR assays, suggesting that the 
amplified regions in these B-variants were probably retrotransposed to the common ancestor B chromosome of the genus 
before the split of the analyzed lineages. Later, BbM and BfMa variants might have lost one pseudogene each. Gene ex-
pression analyses revealed subexpression for both genes in the gonads of 1B specimens, indicating that B-pseudogenes 
presence affect the expression of canonical copies through still unknown mechanisms. SNPs analyses did not revealed 
additional alleles for simc1 gene in 1B samples, but alternative alleles were found in sbno2 and corresponded to about 
20% of total reads in 1B samples, thus confirming that B?paralogs are expressed, likely representing 20% of total 1B 
expression. However, one must say that the sbno2 SNPs were found outside the high-coverage region in the 1B samples, 
indicating that the B chromosome expression comes from additional copies, other than the retrotransposed ones. Our 
findings shed light on different aspects of B-pseudogenes in this group of fishes, such as their evolutionary dynamics 
and their influence in gene expression. Despite having active genes, the presence of B-pseudogenes seems to be another 
important active mechanism with which B chromosomes can achieve its evolutionary success.
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A SATELLITE DNA PROSPECTED FROM 3RAD DATA SHED LIGHT ON THE STUDY  
OF THE SEX CHROMOSOMES FOUND IN A SPECIES COMPLEX OF FROGS
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Abstract: 
Five major genetic lineages form the species complex Physalaemus cuvieri-Physalaemus ephippifer, which is widely 
distributed in South America, mostly in Brazil. Physalaemus ephippifer greatly differs from the all the other lineages by 
the presence of heteromorphic sex chromosomes Z and W. Recent works identified a secondary contact zone between P. 
ephippifer and Lineage 1 (L1) of “P. cuvieri”, raising questions about the role of karyotypic divergences in the evolution 
of this species complex. In this context, a detailed characterization of the sex chromosomes of P. ephippifer is essential 
to assess their heteromorphism and further infer the homeologous chromosomes in the other genetic lineages, including 
L1. Next Generation Sequencing has allowed the prospection of repetitive DNA sequences from genomic data, thus 
accelerating the study of sex chromosomes of diverse organisms. Here, we searched for satellite DNA in genomic data 
of P. ephippifer and found a new chromosomal marker for further studies on the karyotypic evolution in the P. cuvieri-P. 
ephippifer species complex. We used a RepeatExplorer pipeline to analyze paired-end reads previously obtained from 
3RAD libraries constructed from genomic samples of four female P. ephippifer. The read clusters resulting from the 
graph-based analysis performed in RepeatExplorer were evaluated using the TAREAN tool. Based on the most repre-
sentative contigs of the selected read clusters, PCR primers were designed using Primer3. The interest sequences were 
PCR-isolated from genomic DNA samples, labeled with digoxigenin-11-UTP by PCR and used as probes in fluorescent 
in situ hybridization experiments. The cluster 2 (Cl02) probe revealed remarkable sites on the Z and W chromosomes 
and a small signal on chromosome pair 5 of P. ephippifer. The small site detected on chromosome 5 was interstitial in 
the short arm and coincided with a heterochromatic C band characteristic of this chromosome pair. In both the Z and W 
chromosomes, the Cl02 probe detected a pericentromeric region of the long arm, and size heteromorphism regarding 
the Zq site was detected, probably due to copy number variation of the Cl02 sequence. In addition, an interstitial Cl02 
site was revealed in Zp but not in Wp, making the Cl02 sequence a new chromosome marker to distinguish the Z and W 
chromosomes of P. ephippifer. This marker will be useful in the analyses of the other lineages of the complex P. cuvieri 
- P. ephippifer and may assist to understand the evolutionary events involved in the karyotypic diversification in this 
clade. At last, in this work we showed that subgenomic DNA libraries, such as 3RAD libraries, can be very useful for 
the identification of new satDNAs, despite being rarely used for this purpose.
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POPULATION GENETIC OF THE MIGRATOTY FISH DOURADO  
(SALMINUS BRASILIENSIS) FROM LOW AND UPPER PARANÁ RIVER BASIN.  

ANALYZING THE EFFECT OF CONNECTION BY FISH TRANSPOSITION SYSTEMS  
OF HISTORICALLY ISOLATED ECOREGIONS
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Maurício Spagnolo Adames3; Caroline Henn3 
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Abstract: 
In the neotropical region, aquatic environments have become increasingly fragmented by the construction of hydro-
electric dams. To mitigate these impacts, fish transposition systems (STP) are built. STPs in historically connected 
environments can favor the connection of biodiversity. However, in environments that were historically separate, STPs 
can homogenize fish populations and communities. The Paraná basin has two freshwater ecoregions (Upper and Lower 
Paraná) with species and populations structured by vicariance, due to the waterfalls of Sete Quedas. After the construc-
tion of Itaipu Dam (1983), the natural barrier was eliminated by the reservoir and, years later (2002), the piracema 
channel (a STP) was built in order to connect the populations above and below the dam. Since then, the presence of 
fish species and populations from Lower in Upper Paraná has been reported. Based on the hypothesis of the existence 
of structured populations in the Upper and Lower Paraná, the present study aimed to analyze the diversity and structure 
genetic and migration rates of Salminus brasiliensis, upstream and downstream of the Itaipu dam. In addition, we tried 
to identify the populations origin of individuals collected in transit (migrants), during the piracema season. To measure 
genetic diversity and structure in populations, D-Loop markers and microsatellites were used. The genetic structure was 
obtained using the classical indexes ΦST and FST and an approach based on Bayesian statistics using hierBAPS methods, 
for D-Loop sequences, and Bayesian clusters with STRUCTURE software, for microsatellites. The D-Loop sequences 
showed 59 haplotypes, nucleotide diversity of 0.35 and haplotype diversity of 0.96. Microsatellite markers showed a 
total of 97 alleles with an average of 8.8 alleles per locus. The observed heterozygosity ranged from 0.154 to 0.900 and 
the expected heterozygosity from 0.204 to 0.840. The analysis of hierBAPS and STRUCTURE showed the presence 
of two clusters corresponding to the two ecoregions of Upper and Lower Paraná, thus corroborating the hypothesis of 
genetic structuring. Likewise, the values ??of ΦST and FST showed a moderate genetic structure. Recent migration rates 
were about 10 times higher than historical migration rates, being more intense in the direction of Lower to Upper Paraná. 
In addition, migrants were identified in both Lower and Upper Paraná, which shows the recent connection between these 
two populations and the effectiveness of the Piracema channel as a biological corridor. In turn, this recent connection 
may result in the genetic homogenization of the two populations, leading to loss of genetic diversity and local adapta-
tion. Thus, considering the genetic structure of the species, the conservation strategies of S. brasiliensis must take into 
account its evolutionary history, in order to maintain the genetic integrity and the evolutionary potential of the species 
and each population of the Lower and Upper Paraná.
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CAN A LARGE RIVER BE A BARRIER TO THE LATERAL MIGRATION  
OF STREAMS’ SMALL FISHES? TESTING THE RIVER BARRIER HYPOTHESIS
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Abstract: 
The population genetics studies have been used to answer questions off many issues, like as genetic diversity, structur-
ation genetics, gene flow, selective pression, etc. The metrics obtained allows to assess the “genetic health” of species 
populations which is important to the long-term survival of the species and making clear the microevolutionary mech-
anisms involved in the species evolution. These studies have been very important to conservation purposes. The stream 
ichthyofauna comprise more than 50% of described species, but is the least studied group. These fishes are, generally, 
small and are considered species with low dispersal capacity. Furthermore, physical barriers, such as waterfalls, can 
to isolate its populations. These characteristics contributing to the genetic structuration processes and even speciation, 
which is reflected by the high number of endemic species inside these groups. Among the isolation mechanisms, there 
is a hypothesis that a large river could act as a barrier to the migration of stream fish populations even at short dis-
tances, either in crossing or lateral movements, which could accentuate the genetic structuration processes. Thus, the 
present study aimed to test the river barrier hypothesis, initially on lateral movements, and assess the genetic diversity 
index of stream fishes in a very impacted area. For this we analyzed two fishes’ species (Bryconamericus iheringii and 
Heptapterus mustelinus) from 29 streams distributed in different micro basins along the left bank of main Paraná River 
channel, now occupied to the Itaipu Dam Reservoir. These micro basins are connected only by the main channel of 
Paraná River. The population genetics metrics was assessed using the mitochondrial D-Loop marker. Until now, we 
analyzed 24 and B. iheringii and 139 H. mustelinus specimens, respectively. The results showed that both species retain 
high genetic diversity indexes (Hd = 0.88; h = 12; and Hd = 0.81; h = 20 for B. iheringii and H. mustelinus, respective-
ly). All genetic structure analysis applied (AMOVA, Structure, Hierbaps, FST, and DAPC) showed moderate genetic 
structuration between samples for most different micro basins corroborating the river barrier hypothesis. Thus, for most 
of micro basins, the Paraná River looks act as a barrier to lateral movement. However, to others micro basins pairs, the 
species analyzed seem able to migrate between them. These two patterns could be a reflect of the distance necessary 
to be covered by the fishes along the main river or also, the local river characteristics (current speed; presence of small 
waterfalls; etc). Beside this, we also considered the hypothesis that the change of the Paraná River (lotic environment) 
into a Itaipu Dam Reservoir (lentic environment) in the studied area could be facilitating the lateral migration among 
the micro basis. These characteristics still will be studied to try to clarify the genetic structuration observed. In the next 
step of this survey, we will analyze the crossing movement between both banks of the river.
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TRANSCRIPTIONAL PROFILE OF GENES RELATED TO X-CHROMOSOME  
INACTIVATION THROUGH BOVINE EMBRYONIC DEVELOPMENT
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Abstract: 
In mammals, one X chromosome is inactivated to obtain equivalence in gene expression between females (XX) and 
males (XY). The X chromosome inactivation (XCI) occurs during the early embryo development when the X-inactive 
specific transcript (XIST) accumulates along the future inactive X. The RNA XIST coats the X chromosome and recruits 
epigenetic modifiers to establish inactive marks such as H3K27 trimethylation, DNA methylation, and incorporation 
of histone variants. Considering that XCI is an event controlled by epigenetic mechanisms, it can be susceptible to the 
effects of assisted reproductive techniques. Therefore, the understanding of XCI at the molecular level in livestock is es-
sential. The aim of this study was to characterize the mRNA levels of five target genes (JPX, H2AFY, H2AFY2, EZH2, 
XIST) related to XCI in embryos in the stages of 8-16 cells, morula, blastocyst (BL), hatched blastocyst (HB), D11, and 
D14. For in vitro embryo production, female sex-sorted semen from a Gyr bull with proved in vitro fertility was used. 
Embryos were cultured at 38.5°C with 5% CO2 and were then collected at different development stages. Total RNA 
of four pools of embryos in 6 different stages of development was isolated using RNeasy Plus Micro kit (Qiagen) and 
subjected to a reverse transcription reaction using GoScript Reverse Transcriptase (Promega). The analysis in real-time 
PCR used GoTaq qPCR Master Mix (Promega). Each sample was analyzed in triplicate and the specificity of each ampl-
icon was determined by the melting curve. The expression levels of the target genes were normalized by the expression 
of two constitutive genes (GAPDH and β-Actin). Our results showed high mRNA levels of XIST, JPX, and H2AFY2 
at the morula stage, when compared with the other genes. The level of JPX declined abruptly after morula, whereas 
XIST decreased slowly through the stages until D11, where the expression is the same as JPX. This result demonstrates 
that JPX could have a role in inducing XIST expression during the initiation of XCI before morula, the stage where 
studies suggest that XCI initiate in bovine. The levels of XIST and H2AFY2 were similar during all stages; in contrast, 
the H2AFY showed lower and stable levels, suggesting that the histone variant H2AFY2 could be more important in 
the XCI than H2AFY. Furthermore, the catalytic subunit of PRC2, EZH2, exhibited a constitutive expression through 
embryonic development, once that is a complex that has a role in several biological functions. In conclusion, our results 
are relevant to improving our understanding of the dynamic mechanisms that act in the XCI in cattle, which knowledge 
is scarce.
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WHOLE CHROMOSOME PAINTING REVEALS STRUCTURAL NATURE  
OF CHROMOSOME 1 OF THE BLINDMEXICAN TETRA,  
ASTYANAX MEXICANUS (TELEOSTEI: CHARACIDAE)
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Abstract: 
The Mexican Tetra Astyanax mexicanus presents peculiar phenotypic characteristics such as pigmentation loss and 
ocular degeneration, as a result of natural selection to the cave environment, considered a model species. It belongs 
to the broad and complex family Characidae, which recently had its phylogenetic relationships defined by large-scale 
phylogenomic analysis, providing security for comparative studies among species of the group. A. mexicanus has 2n=50 
chromosomes, with a reference genome fully assembled at the level of individual chromosomes by means of quantita-
tive trait locus linkage maps (QTLs). Few linkage groups still remain unanchored in some of the 25 chromosomal pairs 
of the species. From a macrostructural point of view, the karyotype shares the pattern described for the other species 
of the genus, with emphasis on the first pair of large metacentric chromosomes. The isolation of whole chromosomes 
by microdissection, whole amplification and WCP - Whole Chromosome Painting, has been efficiently employed for 
refined analysis of specific chromosomes, when associated with NGS sequencing, which can improve the assembly of 
already available genomes. In the present work, chromosome 1 of A. mexicanus was isolated and sequenced in order 
to understand its microstructure and to contribute to the improvement of the genome assembly of the species. This 
chromosome was isolated by microdissection and amplified by DOP-PCR. The amplification product was submitted to 
sequencing on an Illumina NextSeq platform and a NextSeq 500 MID Output (300 cycles) next-generation Illumina® 
Sequencing kit (paired-end 2x151 bp). The reads were processed with the DOPseq_analyzer pipeline and satellite char-
acterization performed in TAREAN software. To validate the sequences as specific to chromosome pair 1, a primer pair 
was designed for each satellite sequence used as positive (SatA_mex - 574pb, SatB_mex - 584pb, SatC_mex 178pb 
and SatD_mex - 54pb) and negative (SatE_mex - 229, SatF_mex - 152pb, SatG_mex - 658pb) control and three more 
chromosome-specific genes (Nyap1, Mllt10 and Pdc). DNA sequencing of the probe yielded 18,438,239 reads in total 
(1.26GB bp sequenced). After contaminant removal and quality check, the reads were mapped onto the A. mexicanus 
reference genome deposited in the NCBI database (Access Number GCF_000372685.2). The reads were anchored to 
linkage group 3 of the reference genome, which corresponds to chromosome 1 of the karyotype. In addition, part of the 
sequences anchored to linkage blocks not yet identified on the chromosomes. The physical mapping of the repetitive 
sequences by FISH confirmed the localization in pair 1. These sequences can be used as a comparative tool for other 
species of the genus in order to understand the evolution and organization of this chromosome. Furthermore, the data 
reveal that the WCP technique can assist in the refinement of assembly and allow species-specific chromosome macro-
structural analysis with already sequenced genomes.
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LOW GENETIC VARIABILITY OF CICHLA (CICHLIFORMES: CICHLIDAE)  
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Abstract: 
The tucunaré, a fish originally from the Amazon basin belonging to the genus Cichla, has been widely introduced in sev-
eral regions of Brazil, to increase fishing production in reservoirs, dams and rivers. The introduction of Cichla kelberi 
has caused undesirable consequences, such as extinction of native species, hybridization with other species and habitat 
alteration. This work aimed to determine the genetic variability indices of peacock bass introduced into the Mearim 
and Pindaré river basins, as well as the molecular identification using the cytochrome b gene (Cyt b). Individuals were 
collected and sorted according to the specific literature, photographed, muscle tissue removed and preserved. Total DNA 
was extracted using the Promega kit, the isolation and amplification of the Cyt b gene was performed using the PCR 
technique, then sequenced in the ABI. 3500 (Applied Biosystems). The sequences were edited in the BioEdit software, 
and compared in the BLAST platform, the genetic distance matrix and phylogenetic tree were performed in the MEGA 
X program and the DnaSP software was used to generate the haplotypic and nucleotide diversity indices. 18 sequences 
of the mitochondrial gene Cyt b were obtained, with a fragment of 810 bp, for specimens of C. kelberi (05 from the 
Pindaré River and 13 from the Mearim River). Sequences of Cichla monoculus and Cichla temensis from Genbank 
were used as outgroups. The phylogenetic tree revealed the formation of a single strongly supported clade with 100% 
bootstrap, with 0% intraspecific divergence. The analyzed population resulted in a single haplotype. 754 conserved 
sites and 56 variables were observed. The sequences of C. kelberi from the Mearim and Pindaré Rivers confirmed the 
morphological identification, with 100% genetic similarity. Studies report on the low genetic variability in exotic Cichla 
populations, it is known that introduced species have a greater propensity to reduce genetic diversity and this is a deci-
sive component for the survival of a species in the medium and long term. Our results indicate the presence of C. kelberi 
in the Mearim and Pindaré river basins, since the literature has not reported its existence in these drainages. These results 
are potentially useful for the proper management of C. kelberi stocks, in addition to basic knowledge of the population 
dynamics of these fish, emphasizing the importance of using molecular approaches to accurately detect invasive species 
in watersheds in Maranhão.
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GENETIC VARIABILITY OF MORPHOLOGICALLY SIMILAR SPECIES: CAROLLIA  
PERSPICILLATA AND CAROLLIA BREVICAUDA (CHIROPTERA: PHYLLOSTOMIDAE)
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Abstract: 
Carollia perspicillata and Carollia brevicauda are species of bats that belong to the family Phyllostomidae, genus Car-
ollia, this includes eight species, of which three species occur in Brazil: C. benkeithi, C. perspicillata and C. brevicauda. 
The genus stands out for its complex taxonomy, characterized mainly by the difficulty in identifying some of its species 
such as C. perspicillata and C. brevicauda. This study aimed to estimate the genetic variability, via the mitochondrial 
gene rRNA 16S, of the species C. perspicillata and C. brevicauda in order to reveal the difference and/or genetic simi-
larity between them, which are intrinsically complex in terms of the specific unit. Total DNA was obtained using Prome-
ga’s Wizard Genomic DNA Purification kit, the 16S rRNA gene was amplified by the Polymerase Chain Reaction, the 
amplified fragments were sequenced using the dideoxyterminal method with the Big Dye kit on the Thermofisher ABI 
3500 automatic DNA sequencer. Sixty sequences of the 16S rRNA gene were obtained from specimens occurring in the 
Brazilian biomes: Caatinga, Cerrado and Amazon, as well as in ecotone areas (Cerrado/Amazonia and Cerrado/Caatin-
ga) that were aligned in the Bioedit program, generating a fragment of 526pb with 493 conserved and only 28 variables. 
DnaSP revealed 26 haplotypes and in MEGA X the distance matrix and phylogenetic trees were constructed. The matrix 
revealed a low genetic variability with only 0.19 to 1.98% variation, the Neighbor-Joining and Maximum Likelihood 
phylogenetic trees using the Kimura 2-parameter algorithm did not differentiate the species, forming a single supported 
clade that encompasses all sampled Carollia haplotypes. When plotting the sequences obtained on the BLAST platform, 
all were similar to C. perspicillata with a magnitude that ranged from 98.46 to 100%. Molecular analyzes revealed low 
genetic variability. The magnitude of the genetic distance, added to the formation of a single clade in the phylogenetic 
trees and the high similarity of the specimens sampled with C. perspicillata are indicative of the occurrence of only one 
taxonomic unit in the sampled area: C. perspicillata, despite the morphological character that distinguishes the species, 
second incisor to be or not covered by the cingulum, to be witnessed among the specimens.
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GENETIC DIVERSITY OF THE PIAU DE COCO (LEPORINUS PIAU,  
CHARACIFORMES: ANOSTOMIDAE) FROM MARANHENSES WATERSHEDS
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Abstract: 
Among the genera of Anostomidae, Leporinus is the most specious with about 90 valid nominal species, constituting 
one of the most diverse genera of the order Characiformes. The species Leporinus piau distributed in watersheds of 
Northeastern Brazil is poorly understood phylogenetically and taxonomically due to morphological patterns very sim-
ilar to other species of the genus. Therefore, in this study sequences of mitochondrial rRNA 16S and COI genes were 
used to estimate the levels of genetic structure of L. piau in three basins of Maranhão: Itapecuru, Mearim and Pericumã. 
Total DNA was obtained using the Wizard Genomic DNA Purification kit from Promega. The Polymerase Chain Reac-
tion was used to amplify the mitochondrial region. The amplified fragments were sequenced using the didesoxytitermi-
nal method with the Big Dye kit. The sequences obtained were aligned in the Bioedit program and concatenated using 
Seaview4, generating a fragment of 1139 bp. Bayesian analysis of population structure were performed using the BAPS 
6 softwares, through the “Clustering with linked loci” and “Admixture based on mixture clustering” modules, as well as 
pairwise FST between identified populations and AMOVA in Arlequin 3. Phylogenetic tree construction and genetic dis-
tance data were generated in the program Mega X. The phylogenetic analyses showed the formation of two clusters that 
define the group Itapecuru-Mearim (clades I) and Mearim-Pericumã (clades II) with significant bootstrap values. The 
population “K” rescued by the Bayesian inference method in the BAPS program, showed that the a posteriori probability 
best suited to explain the genetic structure for L. piau was 2 clusters for “mixture” analysis, corroborating with the clus-
ters reconstructed in the topologies with a mean genetic distance of 2.84% between them. The AMOVA showed 93.93% 
of molecular variation occurring between the Itapecuru and Mearim-Pericumã clusters, with a highly significant fixation 
index (FST = 0.93934 and P = 0.00000). The data from the present study show a high genetic structuring in L. piau for 
the watersheds of Maranhão, suggesting the existence of two lineages resulting from distinct evolutionary stocks.
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TRANSPOSABLE ELEMENTS AND CHEMOTHERAPY: CISPLATIN, DACARBAZINE, 
AND DAUNORUBICIN DIFFERENTLY ALTER THE EXPRESSION AND SOMATIC  

MOBILIZATION OF MARINER ELEMENT IN DROSOPHILA SIMULANS 
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Silva Loreto4 
1Doutoranda. Universidade Federal do Rio Grande do Sul; 2Bolsista. Universidade Federal de Santa Maria; 3Técnica. Universidade 
Federal de Santa Maria; 4Docente. Universidade Federal de Santa Maria

Abstract: 
Transposable elements (TEs) are DNA sequences capable of changing their positions in genomes. Class II TEs mobilize 
by a mechanism of “cut and paste”. The transposase enzyme is responsible for TE mobilization, cleaving the element 
and inserting it into other chromosomal locations. TEs can also be classified as autonomous when they have the com-
plete gene that encodes a functional transposase, or as non-autonomous, when they do not encode its enzyme. These, 
eventually, can use the transposase of autonomous elements, present in the genome, to mobilize. Drosophila simulans 
white-peach (wpch) strain has the non-autonomous class II mariner-peach element inserted into the white gene promoter 
generating flies with peach-colored eyes. In the presence of mariner-Mos1 (autonomous), mariner-peach can mobilize 
and red spots are generated in a white-peach context. Recent works show that TEs change their transposition rates when 
exposed to stressors. However, little or no attention has been done to chemotherapeutic and somatic mobilization (SM) 
of TEs. We verify if the chemotherapeutic agents Cisplatin, Dacarbazine, and Daunorubicin hydrochloride alter the 
relative expression of mariner-Mos1 and the SM of mariner-peach in D. simulans wpch. For this, exposure to chemother-
apy was performed acutely for 24 hours with young flies (followed by the analysis of the relative expression of mari-
ner-Mos1 by means of RT-qPCR) and chronically during all development (followed by phenotypic analysis by counting 
red spots in the eyes). For the analysis of acute exposure, One-way analysis of variance (ANOVA) was performed, 
followed by a Tukey’s test. For the analysis of chronic exposure, the Fisher test was performed. For each drug, it was 
used two concentrations for acute exposure and one - the low concentration - for chronic. Acute exposure to Cisplatin at 
concentrations of 50 and 100 µg/mL increased mariner-Mos1 expression in both treatments (p=0,0036). Furthermore, 
in chronic exposure (50ug/mL) there was also an increase in the number of spots in the eyes, indicating an increase in 
SM of mariner-peach (p= 0,0258). On the other hand, acute exposure to Dacarbazine at concentrations of 50 and 100 
µg/mL did not significantly alter the expression of mariner-Mos1 (p=0,0712) nor the SM of mariner-peach (p= 0,4406). 
Acute exposure to Daunorubicin hydrochloride at 25µM and 50µM increased the expression significantly (p<0.001) 
for both concentrations. On the other hand, chronic exposure (25uM) showed no significant variation (p= 0,1722) in 
mariner-peach SM. In conclusion, the same type of stressors, such as chemotherapy drugs, may have different effects 
on the expression and SM of the same transposable element, suggesting that not all TEs are activated and mobilized by 
all types of stress. 
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Abstract: 
Lençóis Maranhenses National Park, (PNLM), is a conservation unit located at the coastal region, state of Maranhão, 
in an ecotone, in the middle of the Amazon, Caatinga and Cerrado. PNLM was created to protect the local biodiversity 
and ecosystem. The Park area comprises importants basins such as the Preguiças, Periá and Negro rivers, with 18% 
of the total area composed of freshwater bodies, (streams, lagoons and, mainly, interdune lagoons), demonstrating the 
importance of this area for the freshwater ichthyofauna. he main objective of this work is the molecular identification 
of living species in the park and surroundings, through different molecular methods, being able to estimate the level of 
the diversity in the studied area, with accuracy, helping the identification of the specimens. This molecular identification 
will provide a base for the construction of new estrategies for conservation and healthy menagement of biodiversity in 
the PNLM and nearby regions. The specimens of this study were collected between the years 2016 and 2021, samples 
were deposited and registered at the Laboratório de Biologia e Genética (LBGP). We applied the DNA Barcoding meth-
odology by sequencing partial sequences of the mitochondrial gene cytochrome oxidase C subunit I (COI), and analyzed 
the generated sequences, analyzed the generated sequences by Bayesian methods, in the software MrBayes 3.2. We 
also used species delimitation analyses through General Mixed Yule Coalescent (GMYC) and Bayesian Poisson Tree 
Processes model, (bPTP). In the preliminary results, we obtained 81 unpublished sequences, with about 590 base pairs. 
Both, GMYC and bPTP, presented identical results, delimiting 39 lineages, all of these lineages being congruent with 
the topology of the phylogenetic analysis. In 39 lineages, 26 were identified at a species level, 12 at genera level and 
only one showed a not conclusive result. Overall, these results, still do not conclude our study, considering that all COI 
sequences of all species collected that live in the Park, have not yet been generated. About 400 samples are in planning 
for further elucidations about the freshwater ichthyofauna in Lençóis Maranhenses National Park, (PNLM). 
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B CHROMOSOMES LEADS TO DIFFERENTIAL EXPRESSION  
OF SEX DIFFERENTIATION GENES IN PSALIDODON PARANAE  

(TELEOSTEI, CHARACIFORMES)
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Abstract: 
Several eukaryotes present additional genomic elements known as B chromosomes. These chromosomes are selfish par-
asitic elements capable of influencing complex processes for their perpetuation, such as sex determination and meiotic 
drive. In this context, sex-determining genes were identified in the B chromosomes of Astyanax mexicanus, Nasonia 
vitripennis and several cichlid fishes. In the tetra fish Psalidodon scabripinnis, B chromosomes are associated with an 
extension of reproductive cycle in males and a delay in females, which could lead to increased mating between B+ 
females and B+ males. Here, we analyzed another Psalidodon species, P. paranae, in which a macro-B chromosome 
is preferentially found in females. Our objective was to investigate whether the presence of B chromosomes leads to a 
differential expression of genes involved in the sex differentiation cascade in P. paranae adults. For this, adult specimens 
of P. paranae were collected in the Cascatinha stream, São Paulo, Brazil (22°53’30”S 48°28’36”W) and individuals 
0B and B+ were identified by classical cytogenetics analysis. RT-qPCR analysis was performed in gonad tissues for the 
main genes involved in sex differentiation (amh, cyp19a1a, dmrt1, esr1, sox9 and nobox) using the 2-ΔΔCt method, with 
tbp and hprt as reference genes. For immunohistochemical analysis, female gonads were fixed in 5% paraformaldehyde 
and processed in histological routine. The slides were incubated with primary antibody for anti-CYP19 and anti-estro-
gen receptor alpha post-primary antibody, and detected with 3-30 diaminobenzidine tetra-hydrochloride (DAB). Statis-
tical analyses were performed using two-group comparisons by Gardner-Altman estimation plot method. In B+ females, 
two genes involved in the estrogen pathway (cyp19a1a, which encodes CYP19, and esr1, which encodes ER-alpha) 
were subexpressed, while the nobox gene, essential to the oogenesis process, revealed overexpression. In addition, im-
munohistochemical analyses also revealed subexpression of CYP19 and ER-alpha proteins in B+ females. In B+ males, 
dmrt1 and nobox genes are overexpressed. Assuming that B chromosomes are involved in female sex determination, the 
observed subexpression in B+ females could be a response of the standard genome to neutralize B chromosome effects, 
since estrogenic inhibition can lead to sex reversion. On the other hand, this subexpression might represent a functional 
effect of the B chromosome, leading to changes in reproductive cycle, as observed for P. scabripinnis. In addition, the 
overexpression of dmrt1 gene in P. paranae males could also lead to an extension in the reproductive cycle. Further-
more, the higher frequency of B+ females associated with nobox gene overexpression could lead to greater efficiency 
in oogenesis, thus increasing the reproductive success for +B females. Therefore, despite its selfish behavior, the P. 
paranae B chromosome could have a beneficial effect on its carrier, as well. Previous analysis have shown that nobox 
gene is present in the B chromosomes of P. paranae and P. scabripinnis, but is absent in the B chromosomes of other 
congeneric species with which it shares a common origin. Thus, further investigation on the gene expression of the B 
chromosome variants of Psalidodon species could shed light on the mechanisms applied by these parasitic elements for 
their own maintenance. 
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AIRE GENE AND CELL ADHESION INFLUENCES THE LENGTH OF THE 3’ UTR  
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Abstract: 
Introduction: The thymus is a primary lymphoid organ essential during the induction of central immune tolerance and 
prevention of autoimmune diseases. The process of central tolerance depends on a unique property of a subset of med-
ullary thymic epithelial cells (mTECs) that express the autoimmune regulator (Aire) gene. During the development 
of T lymphocytes within the thymus, these cells are exposed to a broad spectrum of peripheral tissue antigens (PTAs) 
expressed by mTECs, which Aire regulates. The PTAs represent all tissues and organs of the body, and the process is 
termed self-representation. T lymphocytes within the thymus that recognize PTAs with high affinity undergo negative 
selection. This process prevents the migration of potentially self-reactive lymphocytes to the periphery and consequently 
auto aggressiveness. Recently, our group demonstrated that Aire also influences the extent of mRNA 3’UTR in mTECs, 
which allow different mRNA isoforms. The length of the 3’UTR sequence depends on the alternate polyadenylation 
sites (APA) sites. Since these isoforms differ in the size of their 3’UTR, they can undergo a differential action of miR-
NAs. Hypothesis: Aire gene and mTEC-thymocyte adhesion influence the emergence of APA sites in mTEC mRNAs, 
originating new mRNA isoforms. Objective: To identify: 1) the mRNAs in mTECs that feature differentially expressed 
APA sites and 2) the mRNA isoforms that feature shortening/lengthening events in their 3’UTRs. Methodology: The 
data were retrieved from existing RNA-seq data (GSE91015) from Aire wild-type or Aire-knockout (KO) mTECs as 
an Aire loss-of-function (LOF) approach. We used computational algorithms such as FASTQC, STAR, and HTSEQ for 
sequence alignment and counting reads, DESEQ2 for the differential expression, 3USS for the alternative 3’UTRs, and 
TAPAS for the alternative polyadenylation sites. Results: We were able in to identify 2,581 transcripts that feature differ-
entially expressed APA sites comparing Aire WT versus Aire KO mTECs. However, when these cells establish adhesion 
to thymocytes, we found 2,229 transcripts. The mRNA transcripts that encode Cldn9, Ecm2, and Plxnb1 were highlight-
ed since they are involved with the cell adhesion process. Among them, the Cldn9 mRNA isoform is highlighted. In 
Aire KO mTEC subjected to thymocyte adhesion, Cldn9 mRNA was induced and featured the longest (+401nt) 3’UTR 
isoform in addition to showing a positive correlation with mTEC-thymocyte adhesion influencing the processing of the 
3’UTR region. Conclusion: Results show that the Aire gene, in association with the mTEC-thymocyte adhesion, chang-
es the expression of APA sites allowing new 3’UTR mRNA isoforms (3’UTR shortening or lengthening), which might 
influence the number of miRNA target-sites and consequently the expression of PTAs and other proteins in mTECs. 
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IN THE ELECTRIC FISH GYMNOTUS CARAPO “CATALÃO”
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Abstract: 
Gymnotus is a large monophyletic group of freshwater weakly electric fish with wide distribution on Central and South 
America. This genus has a large chromosome diversity with diploid number (2n) varying from 34 to 54 chromosomes, 
with a growing number of studies showing many different specie-specific karyotypes and even with populational vari-
ants based not only on karyotypic formula but also on different kinds of repetitive DNA sequences such as ribosomal 
DNAs, satellites, and transposable elements. Repetitive DNA sequences represent a large part of the genome of most 
organisms, being a common feature in the genome of eukaryotes, presenting high variability and constituting in some 
cases, more than 80% of the cell’s DNA content. In fishes, repetitive DNAs have been widely applied as physical 
chromosomal markers in comparative studies, identification of chromosomal rearrangements and sex chromosomes, 
analysis of chromosomal evolution and applied genetics. Multi-copy DNA sequences help to understand evolutionary 
mechanisms, genomic structures and karyotypic differentiation. Different studies have suggested that these repetitive 
sequences are involved in the processes of recombination, gene expression, DNA replication and sex chromosome 
differentiation in fish. In order to advance in the knowledge about the nature and chromosomal organization of repeti-
tive DNAs in Gymnotus, two male and two female individuals of Gymnotus carapo “Catalão”, 2n=40 were sequenced 
using the Illumina Miseq platform. The software RepeatExplorer was used to identify the repetitive DNAs from the 
next-generation sequencing. From the chosen clusters, the contigs with the largest size and greater coverage were se-
lected to search for satellite DNAs using the Tandem Repeat Finder tool. Primers for amplification of sequences by the 
Polymerase Chain Reaction (PCR) were designed manually and their efficiency was verified in the Primer3 program. 
The agarose gel of the sequences GymSat-CL7 (Satellite), GymSat-CL14 (Minisatellite), GymSat-CL17 (Minisatellite) 
and GymSat-CL34 (Minisatellite) showed a positive result and the four sequences were hybridized in metaphases of 
Gymnotus carapo “Catalão” with positive result. GymSat-CL 7 probe hybridized the pericentromeric region of all chro-
mosomes; GymSat-CL14 hybridized the distal region, with some pericentromeric markings; GymSat-CL 17 hybridized 
in overlap with the 18S rDNA region and GymSat-CL34 hybridized dispersedly in the karyotype. The probes are being 
hybridized in metaphases of the species Gymnotus arapaima, G. capanema, G. carapo, two populations of G. mamiraua 
and Electrophorus electricus aiming for a better understanding of the dynamic of the sequences.
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Abstract: 
Vitellogenin (Vg) is a multifunctional protein that performs vital functions in the oviparous organism. It has anti-oxidant 
property, participates in energy metabolism and transport of molecules, acting mainly in reproduction and immune re-
sponse. In bees, most studies of this protein are based on honeybees (Apis mellifera), and very little is known in solitary 
species. Centris tarsata is a bee species with solitary behavior with wide geographic distribution and economic interest. 
Solitary behavior differs from that experienced in society. Each female builds her own nest, lays an egg in each cell, 
and dies before her offspring emerge. Although the behavior and development of this species is well studied, there is 
a lack of knowledge in the area of physiology and genetics. Thus, we studied the expression of vg in individuals of C. 
tarsata after challenge of the immune system by Escherichia coli infection. We collected trap nests in the field for im-
mature development in the laboratory. The adults were used to perform the experiments: a control group and an infected 
group of females with 16 hours of treatment. The infection was carried out by injections of 2 µL of 2.5x104 of bacteria/
µL. Control bees received no injection. After the treatment time, the abdomen was removed and placed in TRIZOL for 
further RNA extraction and cDNA synthesis. For relative quantification of vg gene expression the qPCR method was 
performed. There is a decrease in the expression of this gene in infected females for 16h compared to control group 
(p=0.03). It is already known that in the social bee A. mellifera the expression of vg decreases when the immune system 
is stimulated, probably due to the trade-off between the immune and reproductive systems. These results show that there 
was activation of the immune system in C. tarsata, and that this bee responds similarly to the bee A. mellifera. 
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Abstract: 
Many eukaryotic organisms such as fungi, plants, and animals, harbor extra genomic elements also known as B chro-
mosomes. Despite being composed mainly by repetitive DNA sequences, these chromosomes also harbor actively tran-
scribed genes. Telomeres consist of a repetitive DNA sequence (TTAGGG)n highly conserved among vertebrates, es-
sential for maintaining the structural stability of DNA, preventing degradation or fusion of the chromosomal ends. In 
this context, the enzyme telomerase provides an important role in DNA preservation by elongating telomeres. The tert 
gene (telomerase RNA reverse transcriptase) encodes a protein responsible for telomere length maintenance through 
synthesis of repeats. Thus, since B chromosomes are extra genomic elements, it is possible to hypothesize that a higher 
activity of the tert gene is induced by the presence of B chromosomes as a compensation mechanism. Therefore, the 
objective of the present study was to analyze whether the tert gene is present on the B chromosome of Psalidodon pa-
ranae, and to analyze if there is differential expression of this gene associated with the presence of B chromosomes. For 
this purpose, P. paranae specimens were collected from the Cascatinha stream in the region of Botucatu, São Paulo, 
Brazil (22°53’30 “S 48°28’36 “W), and 3 individuals 0B and 3 individuals +B were analyzed. High-throughput short-
reads of DNA and RNA libraries were obtained by Illumina sequencing. After quality analysis and adapter trimming, the 
mapping of reads (DNA and RNA) was performed using the SSAHA2 software using the coding sequence of the tert 
gene as reference. Customized scripts were used to count the number of mapped reads as a measure of abundance and 
to generate coverage graphs. The bioinformatic analyses on DNA revealed no difference in coverage between the 0B 
and +B libraries, indicating absence of the tert gene on the B chromosome. The RNAseq analyses showed absence of 
differential expression among 0B and +B libraries. The overexpression of tert gene is known to be associated with issues 
in regulation of the cell machinery, as occur in cancer cells. Our results indicates that, despite being an extra genomic 
element, the B chromosome found in P. paranae has no influence in the regulation of telomere maintenance machinery. 
Therefore, it is possible to speculate that in a long term, the lack of increased expression of the tert gene could lead to 
detrimental effects in the carriers of this genomic element. However, further studies comparing the expression of the 
tert gene between juvenile and adults, associated with the presence of B chromosomes can better elucidate this hypoth-
esis. In such a way, a similar scenario found in individuals with higher number of B chromosomes could increase these 
effects. However, as the maximum number of B chromosomes observed in P. paranae is two, this can be an interesting 
perspective to be tested in other organisms with higher number of B chromosomes.
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NUSAP1 GENE IS SHARED BY THE B CHROMOSOMES OF PSALIDODON (TELEOSTEI, 
CHARACIFORMES) SPECIES AND IS OVEREXPRESSED IN B+ INDIVIDUALS
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Abstract: 
B chromosomes are non-essential genomic elements additional to the standard set of chromosomes and are most known 
to behave as selfish elements in the genome. In this sense, the presence of active protein-coding genes seems to play a 
critical role in B chromosomes success. The wide diversity of B chromosomes in fishes of the genus Psalidodon provides 
a good opportunity to analyze which are the most important genes for its evolutive success, since several B chromo-
some variants of the genus share a common origin around 4 million years ago. Previous high-throughput analyses have 
identified the presence and overexpression of nusap1 gene in P. paranae and P. scabripinnis metacentric B chromosomes 
(BM). Thus, the present study aimed to assess the presence, structure, and differential expression of nusap1 gene in other 
two metacentric B chromosome variants (BfMa and BfMb) of P. fasciatus and one metacentric variant in P. bockmanni 
(BbM). For this, animals with each of the B variants were collected from different populations in localities of São Paulo 
State, Brazil. Genomic DNA samples obtained from three 0B and 1B individuals of each population were sequenced 
using high-throughput short-read technology. After the analysis of samples and adapter trimming, a read mapping of 
each library was performed to the nusap1 coding sequence with the SSAHA2 software. Using custom scripts, the num-
ber of mapped reads was counted and coverage graphs were plotted. The analyses of the gene expression by RT-qPCR 
was performed in female gonad tissue for BfMb and BbM variants using 2?ΔΔCt method, with pgk1, ppiaa, and tbp 
as reference genes. Statistical analyses were performed using two-group comparisons by Gardner-Altman estimation 
plot method. Based on the coverage differences between the 0B and 1B libraries in each population, the presence of 
nusap1 was detected in all B variants analyzed, with a high similar coverage pattern between them. Relative quanti-
fication of transcripts by RT-qPCR revealed that nusap1 is overexpressed in both BfMb and BbM variants. The gene 
structure observed in the three variants here analyzed is highly similar with the nusap1 structure found in P. paranae and 
P. scabripinnis BM variant. The presence and high structure conservation of nusap1 in five Psalidodon B chromosomes 
strongly indicates that this gene play, or have played, an important role for these chromosomes. This is reinforced by 
the overexpression observed in four of the variants. The nusap1 gene encodes a protein that bundle and stabilize micro-
tubules that directs the chromosome segregation at cell divisions. In this context, considering that B chromosomes are 
additional genomic elements, it is possible to speculate that the presence of these genomic elements would imply in a 
higher activity of the machinery related to cell division, and the higher expression of nusap1 could be related to meiotic 
preferential segregation mechanisms of the B chromosome. These findings open new perspectives for B chromosome 
research, and it would be interesting to analyze the behavior of P. paranae meiotic spindle under live imaging associated 
with the presence of these chromosomes.
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Abstract: 
The Anostomidae family includes a high diversity of freshwater fish species widely distributed in South America. Some 
members of this family that reach large sizes carry out characteristic spawning migrations along the rivers and are 
exploited in commercial and subsistence fishing. Such migrations are directly harmed by the eight hydroelectric dams 
built along the Tocantins River. Although knowledge about the systematics and taxonomy of this family has improved 
in the last decade, hidden diversity at the intraspecific level is still suggested in the literature. Therefore, the objective 
of the present work was to identify the diversity of fish of the Anostomidae family of the Tocantins River using the 
DNA barcoding methodology. Thirty-six individuals were collected in the cities of Palmas/TO (N=3), Babaçulândia/
TO (N=21), Embiral /MA (N=10), Imperatriz/MA (N=1), and Cametá/PA (N=1) between the years 2019 and 2021 using 
nets of gillnets, cast nets and fishhook. The individuals were previously screened and identified based on specific liter-
ature, photographed and muscle tissue removed. The gDNA was extracted, and the Cytochrome I Oxidase (COI) gene 
was partially amplified and sequenced. DNA sequences were checked, edited, and aligned using the BioEdit program. 
A data matrix containing the haplotypes was generated using the haplotypes package in R. Two COI sequences were 
added as an outgroup [Hemiodus unimaculatus (Bloch, 1794) and Psectrogaster amazon Eigenmann & Eigenmann, 
1889] for the construction of the phylogenetic tree. The threshold was optimized using the SPIDER package in R. The 
genetic distance- p matrix was calculated in the MEGA 11. The best substitution model was estimated in the jModel Test 
2.0. Phylogenetic relationships were constructed based on coalescence in Beast v2.6.6 using the HKY+G substitution 
model, 40,000,000 MCMC, relaxed clock, and Yule model. The data was checked in Tracer v1.7.1 and the phylogenetic 
tree was visualized in FigTree v1.4.4. Three species delimitation approaches were used: one based on genetic distance 
(ASAP), and two based on coalescence (GMYC and bPTP). We obtained 36 barcodes containing 620 base pairs repre-
sented by 22 haplotypes. The optimal threshold for this database was 2.23% and the mean intraspecific genetic distance 
was 0.44% (0.16% - 0.97%), within the single non-monotypic genus (Leporinus) was 0.50% (0.16% - 0.97%) and 
within the family it was 9.29%. These values agree with what is found in the literature on fish barcoding DNA. The 
three species delimitation approaches (ASAP, GMYC and bPTP) were congruent in delimiting seven species: Leporinus 
maculatus Müller & Troschel, 1844, Leporinus unitaeniatus Garavello & Santos, 2009, Leporinus sp. 1, Leporinus frid-
erici (Bloch, 1794), Leporinus sp. 2, Schizodon vittatus (Valenciennes, 1850) and Laemolyta fernandezi Myers, 1950. 
Although all these species have already been recorded for the Tocantins river, this is the first report presenting molec-
ular data for species of this family in this river. This represents a relevant advance in the knowledge of the diversity of 
Anostomids in the study area.
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Abstract: 
Astyanax bimaculatus are small fish, popularly known as piabas or lambaris, belong to a species complex, comprising 
about 22 species, characterized by the presence of a dark spot above the lateral line and another elongated black spot 
on the caudal peduncle. This complex has specimens with great phenotypic plasticity and overlapping morphological 
aspects. We therefore aimed to identify via DNA barcode specimens collected from the Corda River tributary of the 
Mearim River basin. The specimens were collected using fishing gear, identified, and muscle tissue was removed for 
DNA extraction with the Promega Kit, the isolation and amplification of the mitochondrial region Cytochrome c Oxi-
dase Subunit I - COI, was through the Polymerase Chain Reaction - PCR technique, then were sequenced on the ABI 
3500 platform (Applied BioSystems). DNA sequences were edited and aligned in BIOEDIT’s Clustal W and compared 
with A. bimaculatus sequences available on the BOLDSystems platform. The Bayesian Inference (BI) tree was gener-
ated in the BEAST program, and the ABGD, ASAP and PTP methods were used to delimit the Operational Taxonomic 
Units (OTU’s). Sequences of A. bimaculatus available in the Genbank from the Parnaíba, Amazon, São Francisco and 
Paraguay River basins have been added. A total of 10 sequences of A. bimaculatus from the Mearim River basin and 
20 sequences from Genbank were used in the analyses. When the sequences obtained from the maranhenses basin were 
compared, a 99.83% index of genetic similarity was obtained with sequences available on the BOLD platform. The 
species delimitation analyses identified different OTU’s being 06 (ABGD and ASAP) and 07 (PTP), the Mearim River 
basin population constitutes a single OTU in all the models analyzed, with no sharing with the other basins. For the 
PTP the Parnaíba River population subdivided into two OTU’s, while ABGD and ASAP delimited into a single OTU, 
the same was observed for the São Francisco River population. For the ABGD and ASAP models the Paraguay River 
population was delimited into two OTUs, while the PTP indicates the existence of a single OTU. The ABGD and ASAP 
models were the ones that best subdivided the populations, corroborating with the subclusters generated in the BI tree. 
The data obtained reveal the complexity of A. bimaculatus, since there is a problem in the identification of the species 
when analyzed only in morphological characters. Through the species delimitation models it was possible to confirm a 
unique OTU for the Mearim River basin, contributing to a better understanding of the diversity of the A. bimaculatus 
complex.
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Abstract: 
Introduction: Mansonia humeralis Dyar & Knab, 1916 is the species of the genus Mansonia spp. (Diptera: Culicidae) 
with the highest incidence in the western Amazon. This mosquito has been reproducing in a disorderly way in anthropized 
environments, preferably in areas of hydroelectric influence, where there is an increase in aquatic macrophytes, causing 
great discomfort to humans and other animals due to their painful and intense bites. The absence of biological data in 
the literature for this mosquito directly compromises the development and implementation of vector control campaigns. 
Objective: the objective of this study was to characterize bacteria associated with the gut of adult females of M. hu-
meralis, using the molecular marker 16S rRNA. Methodology: Adult females fed (n = 25) were captured in the area 
surrounding the Jirau Hydroelectric Dam, Rondônia, Brazil, and identified using taxonomic keys for Culicidae. At the 
Laboratory of Cytogenetics and Genomics of Malaria and Dengue Mosquitoes, of the National Institute for Research 
in the Amazon - INPA, in Manaus, AM, the samples were processed according to the following methods: (1) midgut 
dissection in PBS solution at 10x, under a stereoscope (Carls Zeiss), (2) bacterial DNA extraction with DNeasy Blood & 
Tissue kit (Qiagen), (3) sequencing in the Illumina Miseq system with production of 2x250 bp reads, ( 4 ) data analysis, 
using a set of packages implemented in R language: DADA2, DESeq2, and Phyloseq (https://www.R-project.org/.), (5) 
assignment of taxonomies for each ASV (Amplicon Sequencing Variants) with based on the SILVA database (https://
www.arb-silva.de/), (6) assessment of biodiversity indices. Results: A total of 447 ASVs were generated using amplicon 
diversity analysis of the V4 region of the 16S rRNA of bacteria associated with the gut of females of M. humeralis, with 
a resolution of 80.26% for the family. Furthermore, 99.87% of the ASV of bacterial communities are contained in the 
phyla: Firmicutes and Proteobacteria, and 80% in the classes: Alphaproteobacteria and Bacilli. Considerations: This 
research is a pioneer for mosquito species of the genus Mansonia spp. from South America and may contribute to the 
understanding of the disorderly increase in the population of M. humeralis in hydroelectric reservoir areas in Brazil and 
clarify the involvement of gut bacterial communities in the process of detoxification of insecticides in this mosquito.
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Abstract: 
The Pimelodidae family comprises 30 genera and 116 species with 24 of these valid for South America. The genus Pi-
melodus is the most diverse of the family and represents a polyphyletic group that presents taxonomic problems and lev-
els of genetic divergence greater than other species among pimelodids. Seven species were described for the genus in the 
last two decades that occur in the Tocantins river, an ecosystem that has a high diversity and ichthyofaunistic endemicity 
but is impacted by the construction of eight hydroelectric dams. The present report aimed to identify the diversity of Pi-
melodus fishes from the Tocantins river following the DNA barcoding methodology. Specimens (N=20) were collected 
in the cities of Babaçulândia/TO (N=12), Embiral/MA (N=1), Imperatriz/MA (N=3), and Cametá/PA (N=4) between 
2019 and 2021 using networks of nets, nets, and hooks. The individuals were previously screened and identified based 
on specific literature, photographed and muscle tissue samples removed. The gDNA was extracted, and the Cytochrome 
I Oxidase (COI) gene was amplified and sequenced (620 bp). DNA sequences were checked, edited, and aligned using 
the BioEdit program. A data matrix containing the haplotypes was generated using the haplotypes package in R and two 
COI sequences were added as an outgroup [Oxydoras Niger (Valenciennes, 1821) and Loricaria sp.] to construct the 
phylogenetic tree. The ASAP species delimitation approach was used to optimize the threshold value. The mean uncor-
rected pairwise genetic distance (p-distance) was calculated in MEGA 11. The best substitution model was estimated in 
jModel Test 2.0. Phylogenetic relationships were constructed based on coalescence with Beast v2.6.6 using the HKY+G 
substitution model, 40,000,000 Markov Monte Carlo Chains, relaxed clock, and Yule model. The data was checked in 
Tracer v1.7.1 and the phylogenetic tree was visualized in FigTree v1.4.4. Three species delimitation approaches were 
used: ASAP based on genetic p-distance and GMYC and bPTP both based on coalescence theory. A matrix with eight 
haplotypes was generated from 20 barcode DNA sequences. The ASAP partition that was best suited to the database had 
a threshold value of 1.30%. The mean intraspecific genetic distance was 0.22% (0% - 0.82%) and within the genus it 
was 3.71%. There was an incongruity between the three species delimitation approaches: the ASAP indicated the occur-
rence of five species, the GMYC indicated the occurrence of four species and the bPTP indicated the occurrence of three 
species. However, when considering the ASAP partition with a threshold of 2.46%, this approach and the bPTP become 
congruent in indicating the occurrence of three species. Molecular approaches to species delineation are important to 
morphological taxonomy to minimize the underestimation of observed biodiversity in South American freshwater fish. 
Therefore, we recommend that morphological data be incorporated into the analysis, that more individual barcodes are 
added to the database, as well as the addition of other molecular markers.
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Abstract: 
The eDNA in aquatic environments has been shown to be an efficient tool for characterizing and monitoring com-
munities. Among its advantages, stand out, being a non-invasive method and the possibility of monitoring different 
taxonomic groups from a single sample. Neotropical region is megadiverse, making characterization and monitoring 
studies of its species, using traditional methods, slow and expensive. Beside this, the streams environments are among 
the most impacted due, mainly deforestation and pollution, putting their biodiversity in constant threat. Thus, the use 
of non-invasive and more fast and cost-effective tools to monitoring biodiversity and environment quality is necessary. 
Therefore, the present project aimed to develop a eDNA metabarcoding protocol able to characterizing and monitoring 
streams communities. For this, we tested different filtration methods (membrane pore size and volume) and markers to 
five taxonomic groups (bacteria, fungi, algae, macroinvertebrate and fish) in a urban stream from Foz do Iguaçu (PR). 
Filtration were carried out direct in the field using a peristaltic pump. Each filtration method was made in quadruplicate 
testing the volumes of 600mL; 2x300mL and 1.2L, combined with 0.45 and 0.7 µm pore sizes filters. The eDNA was 
extracted and tested to eight set of primers: one for bacteria V3/V4 (16S gene); one for fungi ITS4F/4R (ITS gene); 
two for algae ITS2-S2/ITS4 (ITS gene); g/h (trnL intron P6-loop region); two for macroinvertebrate fwhF2/fwhR2n; 
NexF-mlCOIintF/NexR-jgHCO2198 (COI gene) and; two for fish Mifish-U-F/Mifish-U-R; Neofish2/3F (12S gene), 
which were used to sequencing the eDNA samples. Sequencing was performed in Miseq V2-2x250pb (Illumina). The 
fastq R1 and R2 were assembled e converted by the FLASH V.1.2.11 and seqkt V.2.2.0 package, respectively. All 
markers yielded a large number of reads ranged from 738,899 (V3/V4 of bacteria) to 1,546,555 (g/h of algae). We ap-
plied the ANOVA followed by Turkey´s test implemented in R v3.3.2 to check which filtration method and molecular 
marker retrieved the highest number of reads. Of all comparisons only the Neofish marker showed be significant better 
compared to Mifish marker for fish. For species recovery, each contig was compared with the database using Blastn 
V.2.13.0, with a minimum similarity of 90%. All markers, to all taxonomic groups showed great results recovering their 
target species group, consistent with the species collected during the survey. To date, we identified ~15 fish species and 
~1200 macroinvertebrates (the others groups is under analysis). By the other hand, our results showed the existing gap 
in the sequences databases due many species collected in the streams there are no reference sequences available yet. 
Fact demonstrated when about half of the reads generated do not blast with any specie. To try to reduce this gap, we are 
generating the references sequences to collected species. In addition, our markers recovery a high number of non-target 
groups such as land plants, bird and land vertebrates (data in analysis), indicating the high potential of our protocol to 
monitory a big range of taxonomic groups with one sample. In conclusion, the protocol under development shows be a 
powerful tool to communities monitoring.
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CRYPTIC SPECIES IN STURNIRA LILIUM (GEOFFROY, 1810)  
(CHIROPTERA: PHYLLOSTOMIDAE) IN FRAGMENTS OF THE  

CERRADO BIOME IN MARANHÃO: EVIDENCE BASED ON MOLECULAR DATA
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Abstract: 
The genus Sturnira Gray,1842, currently comprises 23 species, with four recognized for Brazil: Sturnira lilium (Geof-
froy1810), Sturnira magna De La Torre, 1966, Sturnira tildae De La Torre, 1959 and Sturnira giannae Velazco and 
Patterson 2019, the latter was recently described, as it was considered as a subspecies of S. lilium. Phylogenetic studies 
show that the relationships between Sturnira taxa are complex, mainly by observing incongruities in morphological and 
genetic data, evidencing a species complex, when referring to S. lilium. Therefore, this study aimed to identify the bat 
species S. lilium in fragments of the Cerrado biome in Maranhão, Brazil, using the cytochrome oxidase subunit I (CO1) 
gene. The collections were carried out in the municipality of Caxias in the eastern region of Maranhão State. The mor-
phological identification was done according to the specific literature, and later confirmed by a specialist. From the total 
DNA, the COI gene was amplified and sequenced, using specific primers. For molecular analysis we used the following 
software: BIOEDIT 7.0.5.2, MEGA 11, DNAsp 6.10.01, and NetWork 4, and the molecular identification platforms 
BLAST and BOLD Systems v3. The species Carollia perspicillata and Artibeus lituratus from Genbank were used as 
an outgroup. A total of 38 sequences were obtained, with 616 base pairs, four from the Cerrado biome of Maranhão and 
34 from Genbank (Guatemala, Mexico, Suriname, Brazil (SP), Ecuador and Panama) resulting in a total of 29 haplo-
types, with a haplotype diversity of 0.9644 and nucleotide diversity of 0.04074. Haplotype 16, which shared specimens 
from Mexico, Guatemala and Panama was the most frequent, whereas the haplotypes in the present study were unique. 
Genetic divergence analysis showed high intraspecific variation from 0.33 to 8.61%, with the greatest genetic distance 
observed between specimens from Caxias (Cerrado biome of Maranhão) and São Paulo. The phylogenetic analyses of 
Maximum Likelihood, Maximum Likelihood and Neighbor-Joining, formed clusters with maximum bootstrap values 
up to 100%, where S. lilium specimens from Caxias were more closely related to specimens from Ecuador and Surina-
me. The high values of genetic distance found in this study are in agreement with the criteria established in the literature, 
where values between 2 and 11% of intraspecific variation show cryptic species. The explanation for this high diver-
gence observed in S. lilium may be the fact that S. lilium is a species without geographic structure and is considered an 
allopatric species. Therefore, this study provides evidence that S. lilium occurring in fragments of the Cerrado biome 
in Maranhão may be in the process of speciation, but still emphasizes the importance of studies with other molecular 
markers added to morphological and morphometric data and a larger sample size. 

Palavras-chave: Identification; Bats; Species Complex; ; 

Support / Acknowledgment 
Foundation for Support to Research and Scientific and Technological Development of the Maranhão (FAPEMA); Coordination for 
the Improvement of Higher Education Personnel (CAPES) and State University of Maranhão (UEMA).

245

GENÉTICA 
ANIMAL



MAPPING OF MICROSATELLITE SEQUENCES IN TWO LIZARDS FROM  
THE TUPINAMBINAE SUBFAMILY (SQUAMATA, TEIIDAE)
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Abstract: 
The Teiidae family (Reptiles, Squamata) has two subfamilies and includes lizards with oviparous reproduction and 
wide distribution in Brazilian biomes. Karyotypic studies in this group are still scarce and show that the species of 
the subfamily Teiinae presents 2n ranging from 46 to 56 while the subfamily Tupinambinae with 2n between 34 to 
38. Furthermore, a clear distinction between macro and microchromosomes is observed only in Tupinambinae. These 
data are mostly based on classical cytogenetic analyses. Thus, the present work aimed to analyze the karyotype of two 
species of the Tupinambinae subfamily (Crocodilurus amazonicus and Tupinambis teguixin), applying both classical 
and molecular cytogenetic techniques, in order to better understand the genomic organization and karyotypic evolution 
of this group. For this, we performed conventional staining, C-banding, and Fluorescent in Situ Hybridization (FISH) 
experiments using probes corresponding to microsatellite sequences. The specimens were captured using pitfall traps 
installed in two municipalities in the state of Pará (Abaetetuba and Moju). The species C. amazonicus presented a 2n=34 
with 12 macrochromosomes and 22 microchromosomes while we observed 2n=36 in T. teguixin, with 12 macrochro-
mosomes and 24 microchromosomes. C-banding revealed constitutive heterocromatic blocks in the centromeric region 
of the chromosomes, showing a similar pattern in both species, corroborating previous data. FISH experiments using 
microsatellite probes (CAG, GAA, GAG and CGG), showed a distinct accumulation of these sequences between macro 
and microchromosomes in both species. For C. amazonicus, expressive signals were evidenced in the pericentromeric 
regions of the macrochromosomes with the probes CAG, GAA, CGG and telomeric signals in the macrochromosomes 
with GAG. On the other hand, all microchromosomes showed conspicuous signals for all probes used. In T. teguixin, 
the centromeric regions of the macrochromosomes showed intense signals for GAA, few visible signals for CAG, and 
also in the secondary constrictions of pair 2 and pericentromeric of pair 5. In addition, we observed telomeric signals for 
GAG, similarly to C. amazonicus Parallel to what was exposed for C. amazonicus, all microchromosomes also showed 
signals for the all the probes used. These results show distinct distribution and frequencies for the different sequences 
mapped, evidencing an active participation of microsatellites in the karyotypic evolution of the family. New findings 
that complement these results will allow a better understanding of the dynamics of repetitive sequences in the genomic 
organization of these animals.
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INTEGRATION OF DIFFERENT OMICS LAYERS WITH SNP-SNP INTERACTION  
NETWORKS ASSOCIATED WITH METHANE EMISSION IN NELORE CATTLE
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Abstract: 
Complex traits are often determined by the small effects of many SNPs interactions. This interaction, known as epistasis, 
is one of the non-additive effects present when a trait-related variant is affected by other variants in the genome. Previ-
ously, weighted SNP correlation network analysis identified many modules of SNPs associated with residual methane 
emission (RME) in Nelore cattle. Here, we reported the impact of these interactions in other omics layers (i.e., microor-
ganisms and metabolites profile in the rumen and stool, and mRNA and miRNA expression in the rumen tissue). The ex-
perimental population consisted of 52 animals genotyped using the GGP 50k chip. RME was measured as the difference 
between methane emission and individual dry matter intake (DMI, kg/d). The epistatic interactions for RME in Nelore 
cattle were calculated using the WISH-R package, considering the default parameters. The epistatic signed weighted 
networks were constructed, and genomic interaction modules were created based on the WGCNA pipeline. Clustering 
the SNPs after LD pruning, a total of four SNP-SNP modules (r > 0.4 and p-value ≤ 0.01) were identified. Two modules 
showed a negative correlation (-RME), while the other two were positively associated with the RME trait (+RME). 
Analysis between RME-associated modules showed a significant correlation with eight different archaeal amplicon se-
quence variants (ASVs), three in the stool and five in the rumen. Stool archaeal ASVs were in general unassigned. Only 
one (ASV_1471), classified as Methanobrevibacter gottschalkii, was positively associated with a -RME module. Four 
ruminal archaeal ASVs were classified as Methanobrevibacters: Methanobrevibacter ruminantium and Methanobrevi-
bacter gottschalkii. All of the four ASVs were positively associated with +RME modules. A total of 30 bacterial ASVs 
were related to the RME-associated modules. Ten bacterial ASVs in the stool, classified mainly as Ruminococcaceae 
and Bacteroides, and twenty ruminal bacterial ASVs (e.g., Treponema and Prevotellaceae) were related to the RME 
modules-associated. The ASV_3873, classified as Solobacterium, was correlated with all four RME-associated mod-
ules. While the ASV_85, classified as Alistipes, was positively associated with -RME modules in the stool. Consistently, 
both ASVs were associated with RME in the same population. The xanthine metabolite was positively associated with 
two -RME modules in the stool. In addition, the modules associated with the RME trait showed significant correlations 
with gene expression. A total of 27 mRNAs (e.g., CHMP4, CFI, THBS1, and ITGA5) and two miRNAs (bta-mir-2443 
and bta-mir-7) were associated with RME modules. These genes are involved in glutathione metabolism, hypoxia and 
oxidative stress response, and interleukin-7-mediated signaling processes. The following steps are to investigate in 
detail the genes and SNPs found in this study. These results identify a series of genes and metabolic profiles correlated 
with methane emission and provide new targets for mitigation of this phenotype at the levels of microbiota composition 
and transcriptional regulation.

Palavras-chave: multi-omics; epistasis; biological networks; ; 

Support / Acknowledgment 
Research presented in this publication was funded by National Council for Scientific and Technological Development, CNPq (grant 
number: 456191/2014-3) and Foundation to Support the Research of São Paulo State, FAPESP (grant number: 2019/04089-2). T.F. 
Cardoso is funded with a fellowship from the FAPESP (process number 2018/11953-2)

247

GENÉTICA 
ANIMAL



EPIGENETIC AND GENE EXPRESSION PROFILES OF GENES RELATED  
TO LIPID METABOLISM DURING IN VITRO MATURATION OF PREPUBERTAL  

AND CYCLING OOCYTE DONORS IN PIGS
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Abstract: 
Due to the relevance of techniques such as cloning and xenotransplantation in pigs the in vitro embryo production (IVP) 
step became essential. However, IVP still present low efficiency due several factors and one of them is the age of oo-
cyte donors, which affects oocyte competence. This study aimed to evaluate how the donor age affects the expression 
and methylation patterns of genes related to lipid metabolism, one of the main sources of energy for oocyte maturation 
and initial embryo development. To this end, we isolate total RNA from cumulus cells (CCs) of prepubertal gilts and 
cycling sows before and after in vitro maturation (IVM) to evaluate the transcript levels of key genes involved in fatty 
acid (FA) synthesis, β-oxidation, FA transport and lipolysis. We also isolate DNA from oocytes and CCs of the same 
groups to evaluate DNA methylation of two differently expressed genes (FABP3 and NR3C1). RNA was isolate using 
the RNeasy® Plus Micro kit (QIAGEN) and cDNA synthesis was performed with GoScript™ Reverse Transcription 
System (Promega). RT-qPCR was performed on the 7500 Fast Real-Time PCR System using GoTaq® qPCR Master 
Mix (Promega). Genomic DNA was accessed from oocytes using a protocol based on thermal shock and from CCs us-
ing the PureLink™ Genomic DNA Mini Kit (Thermo Fisher). Then, DNA was treated with sodium bisulfite using the 
EZ DNA Methylation-Lightning™ Kit (Zymo Research), according to the manufacturer`s instruction. After bisulfite 
treatment, a nested PCR was run to amplify DNA. Amplicons were purified from agarose gel using the Wizard SV Gel 
and PCR System kit (Promega) according to the manufacturer’s instructions. Following, amplicons were cloned into 
the pCR™II-TOPO® vector system (Invitrogen), and sequenced. Only sequences with a minimum of 98% of homology 
and bisulfite conversion were used. Six genes (ACACA, ACSS2, FASN, FABP3, SLC27A4, and PLIN2) increased the 
transcript levels after IVM in cycling sow’s group, and only two genes (FASN and NR3C1) showed statistical differences 
in transcript levels after IVM in CCs from prepubertal gilts. FABP3 and NR3C1 showed a demethylated pattern in CCs 
and oocyte from gilts and sows, although there was a statistical difference between some groups. CCs from sows were 
found to have a greater capacity to dynamically change the transcription levels of genes involved in FA metabolism 
during IVM than CCs from gilts, and this difference of expression may be associated with the methylation pattern that 
we found and may be involved in the acquisition of competence and maturation of the enclosed oocytes. Our findings 
suggest that sow CCs tend to accumulate FA to send to oocytes to be used as an energy source during early embryonic 
development, and that this function may be reduced or absent in gilt CCs. These results may contribute to the adaptation 
of new in vitro maturation protocols, improving the IVP rates in pigs.
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DNA BARCODING REVEALS GENETIC STRUCTURING PROCESS IN POPULATIONS  
OF GLOSSOPHAGA SORICINA (MAMMALIA, CHIROPTERA) 

Walna Micaelle de Moraes Pires1; Amanda Cristiny da Silva Lima1; Ana Priscila Medeiros Olímpio1; Samira 
Brito Mendes2; Cleison Luís da Silva Costa3; Elmary da Costa Fraga4; Maria Claudene Barros4; Maria Iracilda 
da Cunha Sampaio5 
1PhD students of the Postgraduate Program in Genetics and Molecular Biology - PPGBM. Guamá University Campus Rua 
Augusto Corrêa, 1, CEP: 66075-110, Belém-PA. Federal University of Pará; 2PhD student of the Postgraduate Program in 
Biodiversity and Biotechnology of the Legal Amazon - BIONORTE. Paulo VI University City PO Box 09 São Luís/MA. State 
University of Maranhão; 3Masters degree in Biodiversity, Environment, and Health - PPGBAS. Duque de Caxias Square, S/N, 
Morro do Alecrim. Caxias/MA - CEP: 65604-380. State University of Maranhão; 4Professor of the Program (Masters degree) in 
Biodiversity, Environment, and Health - PPGBAS. Duque de Caxias Square, S/N, Morro do Alecrim. Caxias/MA - CEP: 65604-
380. State University of Maranhão; 5Professor of the Postgraduate Program in Genetics and Molecular Biology - PPGBM. Guamá 
University Campus Rua Augusto Corrêa, 1, CEP: 66075-110, Belém-PA. Federal University of Pará

Abstract: 
The subfamily Glossophophaginae (Phyllostomidae) is composed of small species, with morphological patterns adapted 
to nectarivory and palynophagy, acting as important pollinating agents, where the most common species is Glossophaga 
soricina, which has a wide distribution in the Neotropics, being frequently found in the Brazilian territory, occurring in 
all biomes. It is known that, in general, populations have a dynamic behavior, which undergo continuous modification 
over time and space. Thus, the characterization of the populations is of paramount importance to define the taxonomic 
status, enabling the conservation of the species. Thus, this study aimed to analyze the population structure in G. soricina 
using the molecular marker Cytochrome Oxidase Subunit I (COI). The sample consisted of 36 sequences from Panama, 
Guyana and Belize (Genbank) and samples from the cities of Carolina, Caxias and Carutapera, Maranhão. The COI 
gene was amplified via PCR from DNA and then the samples were sequenced. The data were analyzed using BioEdit, 
MEGA X, DNAsp 6.10.01, Network, BAPS and ARLEQUIN 3.5.2.2 softwares. In addition, the sequences were plotted 
on the Barcode of Life Data Systems (BOLDSystems) platform to analyze the genetic similarity between the sequenc-
es deposited on the platform and the sequences from the study. A total of 28 haplotypes were obtained with haplotype 
diversity of 0.984 and nucleotide diversity of 0.027. The results revealed a process of genetic differentiation among the 
samples analyzed, with genetic divergence values ranging from 0.8 to 5.7%. This was corroborated by the AMOVA 
results that showed moderate FST value (0.752) with the greatest variation occurring between populations (75.22%) 
and highly significant p value. The percentage of identification using the BOLDSystems platform ranged from 99.53 
to 100% similarity with G. soricina thus confirming the taxonomy of the species. The phylogenetic trees obtained by 
Neighbor Joining (NJ) and Maximum Likelihood (MV) methods showed similar topologies with the formation of a cla-
do with bootstrap support of 99NJ/100ML, however the haplotypes from Panama and Belize were closer to each other 
and those from Guyana with two lineages, one of which grouped with the haplotypes from Maranhão. This same pattern 
was confirmed by the haplotype network, allowing us to clearly infer the occurrence of distinct lineages among the G. 
soricina populations analyzed. We verified through the results generated by BAPS that there is a sharing of lineages 
between the populations from Maranhão and Guiana showing that the configuration of groups presented does not differ 
from what was evidenced in other analyses in this study. The data obtained are an indication that there is a process of 
genetic differentiation occurring in G. soricina, reinforcing the need for a taxonomic review for the species.
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VALIDATION OF REFERENCE GENES FOR QPCR EXPRESSION ANALYSIS  
ON THE GONADS OF THE GOLDEN MUSSEL (LIMNOPERNA FORTUNEI)
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Abstract: 
Limnoperna fortunei - popularly known as the golden mussel - is an aggressive invasive species that’s been responsible 
for environmental damage and economic impacts, especially for the electric energy sector that depends on freshwater 
ecosystems of South America. As a non-model species, knowledge about its biology is very limited, especially regarding 
the molecular mechanisms such as its reproduction and sexual differentiation. Quantitative PCR (qPCR) is considered 
the gold standard technique to determine gene expression levels and its accuracy relies on the use of stably expressed 
reference genes for data normalization and to minimize technical variability. Our goal was to identify reliable reference 
genes to perform gene expression analysis on the gonads of L. fortunei. A selection of candidate genes was performed 
using RNA-seq data, produced in a previous work by our team, from gonads of three male and female specimens of the 
golden mussel. The stability of the candidate genes was ranked according to (1) their fold change (FC) and (2) the coeffi-
cient of variation (CV%= standard deviation/mean*100) of their expression counts, trimmed mean of M-values (TMM). 
The selection was based on the premise that the more stable the gene, the lower the |LogFC| and CV% values. Based on 
these criteria, three candidates were selected for experimental evaluation: UBE2F (CV = 5.83%; logFC = 0.02), NAPA 
(CV = 6.76%; logFC = 0.02) e HS6ST3B (CV = 4.83%; logFC = 0.03). Additionally, two genes (RPS3 e EF1α) were also 
selected based on being described in the literature as stable in gonads of other bivalve mollusks. The stability of these 
five genes was assessed, by qPCR, in the gonads of five specimens for each developmental stage (developing, spawning 
capable and regressing) in both males and females. The raw Cq data was evaluated using two algorithms: BestKeeper 
V1 and geNorm. Two genes presented as consistently more stable in both males and females, UBE2F and NAPA. In 
consensus with both algorithms, the HS6ST3B gene was ranked as third most stable in males, being adequate for gene 
expression analysis in male-specifc studies separately. These results represent a milestone towards the establishment of 
tools to asses gene expression, in order to understand more about the golden mussel’s biology and the molecular basis 
of its sexual differentiation mechanisms.
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FROM AMAZON BASIN

Yure Jefferson da Cruz do Nascimento1,2,3; Adauto Lima Cardoso1,2,4; Camila do Nascimento Moreira4; Luan 
Felipe da Silva Frade5; Renata Coelho Rodrigues Noronha5; Lílian Lund Amado1,2,3; Cesar Martins5 
1. Laboratório de Ecotoxicologia, Instituto de Ciências Biológicas, Universidade Federal do Pará, Belém, PA, Brazil; 2. 
Laboratório de Pesquisa em Monitoramento Ambiental Marinho, Instituto de Geociências, Universidade Federal do Pará, Belém, 
PA, Brazil; 3. Programa de Pós-graduação em Farmacologia e Bioquímica, Instituto de Ciências Biológicas, Universidade Federal 
do Pará, Belém, PA, Brazil; 4. Laboratório Genômica Integrativa, Instituto de Biociências de Botucatu, Universidade Estadual 
Paulista, Botucatu, SP, Brazil; 5. Laboratório de Citogenética, Centro de Estudos Avançados da Biodiversidade, Instituto de 
Ciências Biológicas, Universidade Federal do Pará, Belém, PA, Brazil

Abstract: 
The Neotropical fish Hyphessobrycon heterorhabdus is an abundant Characiformes species distributed along the Ama-
zon basin. This species has been explored as a potential biomonitor to assess the effects of environmental pollution. The 
availability of genomes for this species must contribute to improvement of ecotoxicological studies. Repetitive DNAs 
correspond to an important fraction of the eukaryotic genome and advancements in the knowledge about the nature of 
these sequences should contribute to understanding genome and chromosome organization and evolution. Moreover, 
the organization and activity of these sequences can be affected by the environment. In order to contribute to genomic 
data for H. heterorhabdus, here we presented a draft of the set of repetitive DNA (repeatome). Samples of H. heter-
orhabdus were obtained from Parque Ecológico do Gunma (Santa Bárbara, PA, Brazil). Karyotypes were determined 
from chromosome suspensions from the kidney. Illumina TruSeq DNA libraries of male and female were sequenced on 
NovaSeq6000 platform. De novo genome assemblies were performed using Velvet software. Repetitive sequences were 
annotated using RepeatMasker. Identification of satellite DNA was performed by similarity-based clustering of Illumina 
reads using the TAREAN pipeline. H. heterorhabdus shows diploid chromosome number (2n) equal to 48. RepeatMas-
ker analysis shows that 50.24 % and 50.26 % of the male and female genomes are constituted of repetitive elements, 
respectively. Among DNA transposons the superfamily Tc1-IS630-Pogo is the most abundant (3.07 % in male and 3.71 
% in female), while among retroelements the LINEs L2/CR1/Rex are the most representative (0.52 % in male and 0.63 
% in female). Clusters with tandem repeats identified by TAREAN are denoted as putative high (18 sequences) or low 
confidence satellites (47 sequences). These data represent the basis for advancements about genomic and chromosomal 
organization of repetitive DNAs and for assessments of environmental effects in the dynamics of these sequences.
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EFFECT OF SIMULATED MICROGRAVITY IN LEMNA AEQUINOCTIALIS  
USING A 2D CLINOSTAT

Abstract: 
The study of microgravity in plants began when researchers thought about the possibility of the existence of life on 
other planets. Then, it has been analysed how microgravity may affect plant development. Lemna aequinoctialis is a 
plant from Leminoideae, called as duckweed, and it has been used for bioremediation and animal feeding such as fish 
and swine. The aim of this work it was to analyse the microgravity effect on Lemna aequinoctialis using a 2D clinostat. 
The experiment was carried out with four different rotation speeds (15, 35, 50, and 75 rpm) in addition to the control 
condition (0 rpm) for thirty minutes. After that, plants were transferred to a new medium and the plants were evaluated 
at different days (0, 5, 7, 15). It was analysed the microgravity effects on biochemical parameters (total phenolic and 
protein quantification,), antioxidant assays and morphological changes in its development. The results obtained showed 
some changes according to rotation used in the treatment. In relation to the L. aequinoctialis morphology, it was ob-
served differences in root size at 35 and 75 rpm and for frond size for 75 rpm. It was verified a 0.6-fold increase in pro-
tein concentration on the seventh day at 50 rpm as well as on the fifteenth day at 15 rpm. Concerning the total phenolic 
compounds, it was observed a decrease over time on all days and rotations that plant were submitted. In addition, the 
total antioxidant capacity was observed also a reduction in all treatments and different days of analysis. Microgravity 
has been used in several studies in the field of biological sciences, mainly in the field of botany. Then, the data presented 
here showed that the simulated gravity using a clinostat 2D was effective to promoted differences in morphology and in 
protein concentration for Lemna aequinoctialis. This work also suggested that the rotation might be 35 rpm and 50 rpm 
and the treatment time might be increase, and others parameters may be evaluated to understand the possible effect of 
microgravity in plants. This work brings insights how microgravity may influence the L. aequinoctialis metabolism and 
it raise the potential of its application for biotechnological purposes for this plant.
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RELATIONSHIP OF Β1,3-GLUCANASE AND CHITINASE ENZYMES  
WITH COFFEE TREE RESISTANCE TO LEAF RUST
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Abstract: 
Coffee Leaf Rust, caused by the fungus Hemileia vastatrix, causes significant losses to coffee crops. One strategy for 
controlling the disease is using resistant cultivars. This study aimed to verify the relationship of β1,3-glucanase and 
chitinase enzymes with the resistance to leaf rust of progenies from the coffee breeding program of EPAMIG/UFLA. 
Biochemical analyses were performed using 17 progenies and two controls genotype (Catuaí Vermelho IAC 99-suscep-
tible and MGS Paraíso 2-resistant). The total protein of each enzymatic extract was determined using a standard curve 
of bovine serum albumin, according to the Bradford methodology. Leaf plant tissues were collected at six different 
times, 24, 48, 72, 120, 192, and 216 hours after inoculation with spores of the fungus from genotypes inoculated with 
H. vastatrix and those not inoculated. Progeny resistance or susceptibility was evaluated using diagrammatic scales for 
the disease. When not inoculated, the susceptible and resistant controls presented a spike at 120 hours for the enzyme 
β1,3-glucanase. However, the susceptible control showed lower enzyme activity when compared to the resistant con-
trols. When inoculated with leaf rust spores, the resistant control showed a 68% increase in enzymatic activation. In 
general, non-inoculated resistant progenies presented a similar pattern concerning the chitinase enzyme, with enzyme 
activation beginning at 48 hours and spiking at 72 hours. This result was similar to what occurred with glucanase. How-
ever, a sharp drop was observed at 192 hours for most inoculated and non-inoculated progenies. We found no relation-
ship between the maximum and minimum values of enzymatic activation at different times for susceptible or resistant 
progenies for both chitinase and glucanase. We also found no minimum or maximum value that could define whether a 
progeny would be resistant or susceptible. It is worth noting that the enzymatic activity of these enzymes is also induced 
by several biotic and abiotic factors, which may be preventing the detection of a relationship between enzymes and rust 
resistance since it is involved in several physiological processes, not being exclusive to plant defense. We found no 
relationship between resistance or susceptibility to Hemileia vastatrix and the quantification of chitinase and β-1,3-glu-
canase levels among the evaluated progenies.
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GENETIC ENGINEERING OF SUGARCANE: FIRST GENETICALLY  
MODIFIED SUGARCANE TOLERANT TO PLAGUES AND HERBICIDE
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Abstract: 
Genetic engineering is used as a tool to control weeds and insect plagues in more than 95% of the maize, soy and cot-
ton crops grown in Brazil and the United States, two of the major food-producing countries. However, less than 1% of 
Brazilian sugarcane is genetically modified with similar purposes.Genetic engineering has been used to control plagues 
such as insects and weeds in the United States since 1995. In a span of 10 years, more than 95% of the total soybean 
grown in the US was replaced by GMO soybean. In Brazil, on the other hand, the first commercial transgenic sugarcane, 
resistant to the sugarcane borer Diatraea saccharalis, a plague annually responsible for more than 5 billion reais in 
losses, was only released in 2017. The production of genetically modified sugarcane is a challenge that make it difficult 
to most laboratories, nameley in public universities, to advance in the understanding of gene function. To solve this 
problem, PangeiaBiotech started its activities in 2015, incubated at the University of Campinas (Campinas, Brazil), with 
support from FAPESP (São Paulo Research Foundation), becoming the first plant transformation facility for sugarcane. 
Recently, the company expanded the portfolio to soybean, tomato and tobacco plants. In 2017, the company signed a 
deal with Embrapa Agroenergia (Brasília, Brazil) with support of Embrapii (Brazilian Company of Research and Indus-
trial Innovation), to produce the first ever sugarcane transgenic plants simultaneously tolerant to herbicide and the sug-
arcane borer. PangeiaBiotech produced close to 300 transgenic events of SP80-3280 variety eploying an agrobacterium 
transformation system. These plants were submmited to gliphosate and bores challenger at Embrapa and close to 66% of 
events survived complete intacted. This led to the development of the variety BRS3280BtRR, registered at the National 
Register of Cultivars (RNC) of the Ministry of Agriculture, Livestock and Food Supply (MAPA), that has been under 
field trials since 2018. During these 4 years, 100% of the tested plants have shown to be resistant to the sugarcane borer 
and the herbicide glyphosate, as well as 30% more productive when compared to wild type controls. Six other varieties 
from the top 20 most cultivated in Brazil have been successfully transformed with the same biotechnology. These newly 
developed lines are currently under the last phases of the screenings conducted in greenhouses and are soon to be eval-
uated in Planned Release in the Environment (LPMA) in 2022. Currently, the cultivar BRS3280BtRR is being evaluated 
in 4 LPMAs in different regions of Brazil. A dossier will be submitted to the National Technical Biosafety Commission 
(CTNBio) in the second half of 2023 for the last step of deregulation and release to commercialization. This cultivar will 
be the first transgenic commercial cultivar with the incorporation of multiple agricultural properties developed outside 
the United States. Such biotechnology, so common in other crops but unique in sugarcane, will not only be substantially 
more profitable for producers, but also significantly more eco-friendly, reducing the usage of agrochemicals. 
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KICKING-OFF THE AYAHUASCA GENOME PROJECT: THE COMPLETE ORGANELLAR 
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Abstract: 
The association between humans and plants has always occurred in several levels that go beyond nutrition. Tradition-
al cultures from all over the world enroll rituals involving the use of sacred plants. Named Entheogens, these plants 
produce extraordinary states of consciousness that are frequently linked to transcendental experiences. Those rituals 
are conducted by an experienced pajé or shaman and associated to the treatment of spiritual and physical pathologies. 
The beverage of those psychoactive substances reinforces the connection of individuals with the spiritual world and 
help in their cure, in the case they deserve it. Although abundant, the Amazonian biodiversity is still poorly explored 
in the genomics age. For instance, the two components of the most important entheogen brew from Amerindian tribes, 
i. e,. the ayahuasca tea have not been sequenced before this project. One of the components of ayahuasca brew is the 
amazon shrub Psychotria viridis Ruiz & Pav. (Rubioideae: Rubiaceae), popularly known as “chacrona” or “Rainha”. P. 
viridis is well-known to produce psychoactive compounds, such as the N,N-dimethyltryptamine (DMT). The DMT is a 
tryptamine with a potent effect as a psychoactive substance with entheogenic properties and feasible physiological and 
therapeutic roles in psychiatry. It has been used in clinical trials to treat depression and obsessive-compulsive disorder. 
As very small amount of genomic information is nowadays available for P. viridis; little is known regarding the DMT 
production at the biochemical and genomic perspectives. Moreover, information regarding the genomic features and 
evolutionary landmarks is missing. This work presents the first insights into the study of P. viridis genome structure 
and evolution, describing the complete mitochondrial (mtDNA) and plastidial (ptDNA) as a primary and first complete 
organellar genomic sequence resource for this species. The P. viridis ptDNA exhibits 154,106bp, encoding all known 
ptDNA gene repertoire commonly found in angiosperms. The Psychotria genus is a complex paraphyletic group, and 
according to phylogenomic analyses, P. viridis is nested in the Psychotrieae clade. Comparative ptDNA analyses in-
dicate that most Rubiaceae plastomes present conserved ptDNA structures, often showing slight differences at the 
junction sites of the major four regions (LSC-IR-SSC). Regarding the mitochondrial genome, its organization seems 
more complex and points into an interesting possibility for the origin of P. viridis. The assembly graph-based analyses 
supported a complex physical mtDNA organization, suggesting at least two alternative and circular mitogenomes that 
exhibit two main repeats spanning 24-kb and 749bp that may symmetrically isomerize both mitogenomes into variable 
arrangements and isoforms. The circular mtDNA sequences (615,370bp and 570,344) encode almost all plant mito-
chondrial genes (except for the rps7, rps14, and rpl2 that appear as pseudogenes, and the absent genes sdh3, rps2, rsp8, 
rps11, rpl6, rpl10, and rpl16), showing slight variations related to exclusive regions, ptDNA integration, and relics of 
previous events of LTR-RT integration. Moreover, the detection of these two mitogenomes haplotypes may suggest the 
hypothesis of a recent hybridization event and consequently polyploidy that may have shaped the Psychotria viridis ge-
nome. Further information found in the nuclear genome seems to confirm the current hypothesis. These results elicit the 
primary insights into the genome biology and evolutionary history of the entheogenic, sacred plant Psychotria viridis. 
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CONTRASTING SUGARCANE CULTIVARS ACTIVATE DIFFERENT ROS RESPONSES 
DURING THE LEAF SCALD DISEASE PROGRESSION
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Abstract: 
Sugarcane yield is affected by several pathogens, including bacterium Xanthomonas albilineans that causes leaf scald 
disease. Disease symptoms of leaf scald vary from a single white and sharply defined narrow stripe to complete wilting 
and necrosis of infected leaves until plant death. The disease is controlled based on resistant cultivars and prophylactic 
measures, such as disinfection of cutting instruments and the use of disease-free seed cane. In here, we started to char-
acterize a resistant and a susceptible sugarcane cultivar based on molecular and biochemical oxidative burst responses 
against X. albilineans infection. Atime course assay was conducted using two sugarcane cultivars infected or not with 
X. albilineans. Pathogen was quantified by TaqMan and the disease symptoms were observed in both cultivars after 15 
days post inoculation (dpi). A response against X. albilineans infection was observed in the resistant cultivar given by 
the over-production of H2O2 and by the transcript accumulation of sod, cat A, cat B, cat 3, pox 5, gst 3 and gdp (ROS 
and detoxification marker genes) simultaneously with a delayed bacterial growth at 48 and 72 hpi, with no evidences of 
lipid peroxidation in this cultivar and lighter occurrence of disease symptoms at 15 dpi. Meanwhile, for the susceptible 
cultivar no differences in H2O2 content were observed in inoculated plants whereas the increase of lipid peroxidation 
was detected at 72 hpi combined with a less intense and less persistent expression of just sod and cat A ROS-metabo-
lism marker genes together with the occurrence of typical symptoms of leaf scald at 15dpi.Transcript accumulation and 
persistent expression of the selected ROS-related genes along with growth downturn of the bacteria (48 and 72 hpi) 
and lighter symptoms of the disease, suggest the presence of a defense based on ROS in the resistant cultivar against X. 
albilineans. This is an ongoing study to better understand the resistance responses associated with ROS production in 
sugarcane during X. albilineans infection.
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Abstract: 
Brazil is the world largest coffee producer and exporter with a land area cultivated of more than 2 million hectares. 
One of the biotic stress that challenge coffee farmers is the phytonematoid Meloidogyne paranaensis. It is one of the 
most aggressive nematode for coffee plants in Brazil, causing serious damage to coffee plant growth, and is becoming 
a serious threat to the country producing regions. The use of resistant cultivars, such as IPR 100 and IPR106 is the best 
way to control M. paranaensis. However, Coffea arabica cultivars have low genetic diversity and studies with Ethi-
opian wild accessions showed genotypes with high level of resistance to M. paranaensis. Therefore, we performed a 
Genome-Wide Association Study (GWAS) to identify SNPs and genes associated with resistance to M. paranaensis. A 
collection of 120 wild accessions, cultivars IPR 100, Mundo Novo and Catuaí Vermelho, and BA-10 was used for ge-
notyping by sequencing (GBS) and phenotyping for resistance to M. paranaensis. Then, GWAS was done using 11,466 
SNPs aligned to the C. arabica Et039 reference genome and phenotyping based on nematode reproduction factor (RF), 
nematode per gram of root (NGR), and the host susceptibility index (HIS). Using multilocus association models, 8 SNPs 
were associated with resistance. Among these, 3 were common for all phenotyping approaches. In linkage disequilibri-
um with these 3 SNPs, candidate genes related to plant defense response were found. One, encodes a serine-threonine 
protein kinase, a second gene that encodes protein containing at least one leucine-rich repeat (LRR) and the other gene 
encoding mitogen-activated protein kinase kinase (MAPKK). The identification of genes associated with resistance to 
M. paranaensis may help to elucidate the defense mechanisms of coffee and other plants against this pathogen. Also, 
the SNPs identified in this work have potential for application in marker-assisted selection for nematode resistance in 
coffee breeding programs.
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Abstract: 
Colletotrichum kahawae is an hemibiotrophic pathogen, extremely aggressive, that causes Coffee Berry Disease (CBD) 
in arabica coffee. This pathogen attacks leaves, flowers and fruits at all stages of coffee phenological development. Yield 
losses can reach 80% in coffee production area with heavy rainfall and high altitude, if no control is applied. To date, 
there are no reports of this disease in Latin America and Asia. However, the CBD constitutes an imminent risk to world 
coffee production, with the potential to create collapse in production systems that have susceptible cultivars. In order 
to select CBD-resistant genotypes and develop resistant cultivar in Brazil as a preventive control, markers linked to 
Ck-1 resistant gene can be used via Molecular Marker Assisted Selection (MAS) approach. In our preventive breeding 
program, the Híbrido de Timor MG0357 accession was crossed with the cultivar Tupi Amarelo IAC 5162, generating F2 
population with 142 individuals. The codominant microsatellite Sat235 and Sat207, flanking the Ck-1 gene, was used 
to monitor the gene in the population. The DNA of each coffee individuals was amplified in the reaction with genomic 
DNA (50 ng), buffer solution (2 mM), dNTP (0.1 mM), forward and reverse primers (0.4 μM), Taq DNA polymerase en-
zyme (0.5 units), making up the volume to 25 µL with ultrapure water. The amplification conditions were: initial dena-
turation at 95 °C for 5 minutes; 35 cycles at 94 °C for 45 seconds, with annealing at 50 °C for 45 seconds and extension 
at 72 °C for 45 seconds; and final extension at 72 °C for 10 minutes. The coffee accession Híbrido de Timor UFV 377-15 
and UFV 440-10 and the cultivar MGS Catiguá 3 were used as controls carrying the Ck-1 gene. Caturra Vermelho CIFC 
19/1 and Catuaí Amarelo IAC 64 (UFV 2148-57) were used as susceptible controls. The DNA fragment analysis carried 
out by capillary electrophoresis showed that 80 coffees of the analyzed population have had the Ck-1 gene in dominant 
homozygosity (CC). By the marker analyses, 56.34% of the population are resistant to CBD, considering this gene. In 50 
individuals (35.21%), the resistant gene was heterozygous (Cc), which gives partial resistance to CBD. Only 12 plants 
(8.45%) do not have any resistance allele for C. kahawae. These results evidence the introgression of the Ck-1 gene 
in the population from the crossing with accessions of Híbrido de Timor, which is an important source of resistance to 
CBD. To assure the confidentiality and accurance of the presence of the gene, we used two molecular markers flanking 
the gene, to avoid recombination and gene lost. The selected coffee plants are being used do obtain the next breeding 
generations and to develop a resistant cultivar. Even without reports of C. kahawae in Brazil, the introgression of domi-
nant alleles of the Ck-1 gene in improved varieties is an important control measure, if the pathogen becomes established 
in the territory. This preventive breeding is only possible with the implementation of MAS, to characterize and select 
resistance to CBD without the presence of the pathogen.
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Abstract: 
The arabica coffee (Coffea arabica) has health limitations resulting from the rust caused by the fungus Hemileia vas-
tatrix. Introduced in Brazil in 1970, rust is present in all coffee-producing regions, with 16 different races found in the 
country so far. This disease can generate production losses of 35 to 50%, as a result of early leaf fall and drying of 
productive branches. Thus, the focus of breeding programs is the incorporation of genes that confer resistance to rust 
in coffee genotypes. Therefore, the objective of this study was to develop genotypes with multiple resistance to H. vas-
tatrix and to identify them via Molecular Marker Assisted Selection (MAS) in an F2 population with 142 genotypes. 
The population originated by the cross between the resistance source Híbrido de Timor MG0357 and the cultivar Tupi 
Amarelo IAC 5162. In MAS, five molecular markers, previously identified as linked to genes that confer resistance to 
H. vastatrix, were used. The markers SSR16 and CaRHv8 are associated with the gene/QTL in linkage group 2 (locus 
A) and marker CaRHv9 is linked with gene/QTL on linkage group 5 (locus B) of the linkage map. Both loci confer 
coffee resistance to races I, II, and pathotype 001 of H. vastatrix. We also used the marker CARF 005 which amplified 
a characterized gene CC-NBS-LRR(CNL) (locus C) and the marker HdT_LRR_RLK2 which amplified the gene LRR-
RLK(RLK) (locus D). The DNA of the individuals of the breeding population was extracted and amplified by PCR. Phe-
notypic analysis was performed using score scales ranging from 1 (resistant - an absence of hypersensitivity reactions) 
to 5 (susceptible - high number of pustules). By the analyses of the marker in locus A, 57.04% of the genotypes showed 
resistance alleles in homozygosity, 33.80% in heterozygosity, and only 9.15% in recessive homozygosity (absence of the 
resistance allele). At locus B, the presence of the resistance allele (B-) was identified in 59.15% of the progeny. For the 
genes corresponding to the locus D, 74.65% of the coffee genotypes showed the presence of the NBS-LRR gene marker 
and 71.13% of the LRR-RLK gene marker. In 78% of the population, the genotype has at least one resistance allele for 
H. vastatrix, therefore, they are potentially resistant to the race I, race II and pathotype 001. The phenotypic data (score 
mean of 1,78) corroborates with the results of gene pyramiding as it refers to a few rust lesions on leaves. A total of 55 
genotypes presented the five pyramided resistance genes, therefore showing potential for advancing generations and fu-
ture cultivar release. In genetic breeding for disease resistance, pyramiding is the best way to obtain longer-lasting resis-
tance in commercial cultivars. The MAS allows for accurate molecular characterization, early, and without the presence 
of the pathogen, H. vastatrix in the productive area, which is strategic in the breeding of perennial plants such as coffee.
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Abstract: 
Coffee leaf rust (CLR), caused by the biotrophic fungus Hemileia vastatrix (Hv), is one of the most economically im-
portant diseases that reduce the Coffea arabica production. More than 50 physiological races of Hv have been identified 
and have spread across all coffee growing areas. Hv race II is the most common and widespread in Brazilian coffee 
plantations. When not controlled through chemical compounds, this disease can reduce productivity by more than 50%. 
Thus, the use of cultivars resistant to CLR is the best alternative due to environmental concerns. In this context, bio-
technological tools can help breeding programs that aim resistant cultivars development, in a persuasive way. A source 
of resistance genes to this disease is the Timor Hybrid (HdT), a natural hybrid originated from the cross between C. 
arabica and C. canephora. In a previous transcriptome work for the interaction between HdT and Hv race II, a high 
expression of the Ca TDF77 NBS-LRR gene was identified. The genes belonging to the NBS-LRR class are the most 
representative among those that code for resistance proteins. The NBS-LRR proteins are polymorphic intracellular re-
ceptors that intercept the effectors (avirulence proteins) of the pathogen and induce a robust resistance response called 
effector-triggered immunity (ETI). Generally, ETI is accompanied by cell death, known as the hypersensitive response. 
Thus, this work aimed the Ca TDF77 NBS-LRR gene genomic characterization and the identification of polymorphisms 
possibly involved in its functionality. Firstly, we defined the Ca TDF77 NBS-LRR gene position in C. arabica Caturra 
red genome (susceptible to Hv race II), as well as its protein structure and domains position. Secondly, using a Bacterial 
Artificial Chromosomes library of HdT, selected BAC clones were sequencing and used to search for the Ca TDF77 
NBS-LRR. Then, we made a search for polymorphisms between C. arabica Caturra red and HdT sequences with empha-
sis on non-synonymous polymorphisms. As a result, the Ca TDF77 NBS-LRR gene was identified in a region of 9.000 
base pairs in the chromosome 11 of canephora subgenome. The protein prediction showed a TIR-NBS-LRR protein with 
1.301 amino acids. From the alignment between the sequences of HdT and Caturra red, 6 non-synonymous mutations 
specific for the region corresponding to the NB domain and 7 non-synonymous mutations specific for the TIR domain 
were identified. The Ca TDF77 NBS-LRR genomic characterization can be used for future gene editing and genetic 
transformation approaches. Furthermore, the polymorphisms identification, possibly linked to gene functionality, has 
potential for functional molecular markers development.
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Abstract: 
Genes encoding for Galactinol Synthase (GolS) are found in diverse plant species and play important roles in the 
physiology of plant stress resistance, photosynthate translocation and seed development. In the present study, we re-
port the identification and characterization of the complete repertoire of Citrus species GolS (CsGolS) genes through 
a genome-wide analysis of the reference genome sequences available for C. sinensis and C. clementina. By homology 
searches against the Arabidopsis thaliana GolS (AtGolS) sequences, eight CsGolS related genes were identified in the 
sweet orange genome. Their sequences, evolutionary relationships, putative functions and expression patterns in various 
tissues under response to abiotic stresses and ‘Candidatus Liberibacter asiaticus’ infection were characterized. Trans-
genic tobacco plants overexpressing the CsGolS6 were also generated and analyzed. Phylogenetic analysis showed that 
only three CsGolS genes (CsGolS6, 7 and 8) have close orthologs in Arabidopsis and the others seem to have evolved 
later from gene duplication events. The CsGolS genes are distributed throughout four sweet orange chromosomes and 
exhibit exon-intron structure conserved with the Arabidopis orthologs, as well as conserved domains at the amino acid 
level. Several stress-related cis-acting regulatory elements were found in the promoter region of the CsGolS genes, 
including ABRE, DRE/CRT, MYBS and LTRE. Analysis of gene expression in plants subjected to drought and salt 
stresses, as well as to infection with Candidatus Liberibacter asiaticus, showed that the CsGolS genes were differen-
tially regulated by the different stresses, suggesting a role for these genes in stress tolerance. CsGolS6-overexpressing 
transgenic tobacco plants showed higher photosynthetic capacity and growth under drought conditions in comparison 
with the wild-type (WT) plants. All the transgenic plants showed a thicker spongy parenchyma than the WT in drought 
conditions, which contributed to the increased thickness of the mesophyll. Our results provide several evidences that the 
GolS gene family plays important roles in the response and tolerance of citrus plants to both biotic and abiotic stresses 
and that the stress-inducible CsGolS6 plays a novel function in the protection of cellular metabolism by higher photo-
synthetic capacity and controlling the levels of ascorbate and dehydroascorbate produced by the transgenic plants.
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Abstract: 
Diseases and abiotic stresses are still considered the main obstacles in citrus groves. Huanglongbing (HLB) or Green-
ing is currently considered the most devastating citrus disease and present in the main producing areas of the world. 
Hidric deficit is the one negative influences citrus productivity in Brazil. The adaptation of plants to drought is a com-
plex phenomenon that involves several signaling pathways. Thus, the pursuit of knowledge of genetic mechanisms 
that trigger many biological processes involved in the response to biotic and abiotic stress is importance for the citrus 
industry. In plants, gene expression is generally regulated by interactions between regulatory proteins and promoters. 
MYB comprises a transcription factors family that is present in all eukaryotes and in plants there is a great variability 
of these factors. MIPs (Major Intrinsic Proteins) or aquaporins constitute a superfamily of membrane proteins that act 
as central components of water relations in plants, being important both for the plant-water relationship, as well as for 
several physiological aspects, as a response to abiotic, biotic and signaling stresses. The present work aimed to investi-
gate the activation of the expression of MIPs genes by MYBs transcription factors, to validate these co-expression data 
in samples of rough lemon and sweet orange leaves infected by Candidatus Liberibacter asiaticus through qPCR and 
carry out co-infiltration assays (dual GFP transient assay) on leaves of Nicotiana benthamiana to confirm the transacti-
vation of transcription of MIPs by MYBs. Based on the qPCR analysis, some genes were selected to validate the MIP 
and MYB interaction. The MIPpromotor::GFP and 35S::MYB constructs that were used for co-infiltration on leaves 
of N.benthamiana were obtained using the Gateway cloning system. Co-infiltrations were performed with different 
combinations of genes selected from the MYB and MIP families. Co-filtered tobacco leaves were tested for gfp gene 
activity. For gene expression analysis, 25 MYBs genes were selected. The temporal transcription analysis in response to 
C. Liberibacter asiaticus infection showed that all CsMYBs showed a differential expression pattern. The results showed 
that 36% of the genes were not expressed in sweet orange or rough lemon and 20% of the genes were not expressed in 
both varieties. Based on expression analysis, the genes CsMYB81, CsMYB83, CsMYB126 and CsMYB480 were selected 
to perform co-infiltration assays in N.benthamiana leaves with the genes CsPIP1;4 and CsTIP2;1. The gene expression 
data of CsMYBs and CsMIPs were submitted to Pearson’s correlation analysis, whose significance of the coefficients 
was determined by the student’s t test. In the leaves of N.benthamiana co-infiltrated with different combinations of genes 
selected from the CsMYBs and CsMIPs families, the gfp gene was expressed in four combinations: CsTIP2;1:CsMYB81, 
CsPIP1;4:CsMYB83, CsTIP2;1:CsMYB83 and CsPIP1;4 :CsMYB83.
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Abstract: 
Coffee rust, caused by the fungus Hemileia vastatrix, is one of the main sanitary concerns of coffee producers world-
wide, as its causes significant economic losses. In addition, the high variability of the pathogen is able to overcome the 
resistance of coffee cultivars. The success of the pathogen infection depends on its ability to supply the plant’s respons-
es. Receptors-Like Kinase (RLK) are Pattern Recognition Receptors (PRRs) that allow the identification of a range of 
pathogens leading to immunity triggered by pathogen-associated molecular patterns (PTI), constituting the plant’s first 
line of defense. Therefore, this work aimed to identify RLK genes in coffee with potential association with resistance 
to H. vastatrix and to characterize their expression profile. A region of the genome of the Híbrido de Timor CIFC 832/2 
(clone BAC 70-22F), which contains markers associated with resistance to H. vastatrix, was sequenced using the Illumi-
na MiSeq Platform (paired-end reads). Based on the obtained reads, the contigs were assembled and the genes predicted. 
Genic annotation was performed using the BLAST tool. Through the gene annotation, two resistance genes analogs 
(RGAs) were selected and by the motifs, both genes were classified as Receptors-Like Kinase (RLK). Pair of primers 
were designed to study the gene expression profile during the Coffea - H. vastatrix interaction by quantitative real-time 
PCR. The gene expression experiment was carried out in a completely randomized design, with three biological repli-
cations. Young plants of C. arabica var. Caturra CIFC 19/1 (compatible interaction) and Híbrido de Timor CIFC 832/1 
(incompatible interaction) were inoculated with H. vastatrix, race XXXIII. Samples were collected at 0, 12, 24 and 72h 
after infection. A potential resistance gene, LRR receptor-like serine/threonine-protein kinase GSO2, was described and 
presented an expression profile corresponding to a prehaustorial resistance response, that is, the pathogen is recognized 
in the first hours of infection. Prehaustorial resistance has already been observed for the same pathosystem, suggesting a 
fast resistance response in genotypes with incompatible interactions. The other potential receptor-like kinase, a putative 
receptor-like protein kinase At3g47110, presenting an LRR domain, exhibited a decrease in prehaustorial gene expres-
sion in incompatible genotypes. Expression profile of RLK genes during the Coffea - H. vastatrix interaction has already 
been described, in which the RLKs had a decrease in expression relative to 24 hai during the interaction in the resistant 
genotype. The authors reported that the RLKs genes found are probably involved in the first plant’s defense responses, 
PTI. Recognition of the pathogen by plant receptors triggers a signaling cascade for the expression of genes that result in 
PTI within a few hours after the fungus infection in plants. This information is relevant to expand the knowledge about 
the expression profile of genes associated with coffee resistance to H. vastatrix.

Palavras-chave: Coffea arabica; Coffee leaf rust; qRT-PCR; Resistance gene; Sequencing

Support / Acknowledgment 
Á Embrapa Café; ao Consórcio de Pesquisa Café (CBP&D/Café); ao Instituto Nacional de Ciência, Tecnologia e Inovação de Café 
(INCT/Café); à Fundação de Amparo à Pesquisa de Minas Gerais (FAPEMIG); a Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior (CAPES) e ao Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), pelo suporte financeiro e 
incentivo a pesquisa.

264

GENÉTICA 
VEGETAL



EXPRESSION OF RESISTANCE GENE ANALOGS (RGAS) IN  
COFFEA-HEMILEIA VASTATRIX INCOMPATIBLE INTERACTION

Danúbia Rodrigues Alves1; Giovana Gomes Estanislau2; Edson Mario de Andrade Silva3; Dênia Pires de 
Almeida3; Bruna Lopes Mariz1; Eveline Teixeira Caixeta4 
1Doutoranda. Av. Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG. Universidade Federal de Viçosa; 2Mestre. 
Av. Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG. Universidade Federal de Viçosa; 3Pós-doutorando. Av. 
Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG. Universidade Federal de Viçosa; 4Pesquisadora. Av. Peter 
Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG; Parque Estação Biológica, PQEB, Brasília - DF, 70770-901. 
Universidade Federal de Viçosa; Empresa Brasileira de Pesquisa Agropecuária

Abstract: 
The biotrophic fungus Hemileia vastatrix, which causes coffee leaf rust, is responsible for significant damage to coffee 
production worldwide. Due to the high adaptive potential of the fungus, the selection of coffee trees resistant to this 
disease is a recurrent activity in breeding programs. The Híbrido de Timor (HdT), a natural interspecific hybrid between 
Coffea arabica and Coffea canephora, has been used as the main resistance resource of coffee plants to H. vastatrix. 
Understanding the nature of resistance and describing the genes involved in plant defense is critical for the efficient use 
of available resources in this natural hybrid. Important candidate genes to explore in the studies are Resistance Gene 
Analogs (RGAs) that share conserved domains and motifs. Thus, this study aimed to analyze the expression profile of 
RGA classes, upregulated and downregulated, in transcriptome of incompatible interaction between H.vastatrix (race 
XXXIII) and HdT CIFC 832/1. FASTA protein sequences from C. arabica genome, deposited in the NCBI database were 
used. Through the RRGPredictor and DRAGO2 tools, RGAs were identified in this Coffea genome. High quality reads 
from the transcriptome correspondents to HdT CIFC 832/1 (resistant) - H. vastatrix interaction were used to perform the 
analysis of differential expression of the RGAs identified in C. arabica genome. Trimmomatic tool (v. 0.36) was used 
to eliminate possible adapters and separate unpaired from paired reads. FastQC software version 0.11.5 was also used 
to show the quality of the reads bases. The high-quality reads of the transcriptome were submitted to the Kallisto tool 
to perform the pseudo-alignment of the reads in the transcripts identified in the C. arabica genome. Quantification of 
gene expression was performed by the analysis of coffee transcripts (target id), gene length (length) and gene expression 
value (est counts). A Heatmap was generated to analyze of the differential expression of RGAs candidate. This approach 
shows the profile of genes belonging to different classes of RGAs. The reads, differentially expressed in HdT, upreg-
ulated and downregulated, were separated into clusters. Clusters 5, 6, 7 and 8 were predominantly upregulated, with a 
higher incidence of classes KIN, CNL and NL. Clusters 1, 2 and 3 were downregulated in HdT, with the larger presence 
of classes CNL, KIN and RLK. CNL and RLK classes have already been reported in other studies of RGAs associated 
with resistance of Coffea to H. vastatrix. The knowledge of the expression profile of these RGA classes allows a better 
understanding of the Coffea - H. vastatrix pathosystem and helps in the selection of potential target genes, which have 
the possibility of contributing to future planning strategies of coffee breeding and disease control.
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Abstract: 
Coffee leaf rust (CLR), caused by the biotrophic fungus Hemileia vastatrix, is the main disease of economic importance 
in coffee production. This disease is widely distributed in coffee areas around the world. Due to plant-pathogen co-evo-
lution, new races have emerged that can overcome the resistance of coffee cultivars developed as resistant. Therefore, 
understanding which genes are involved and how this “breakdown” of the resistance occurs is extremely important. It 
is known that the Trichome Birefringence-Like (TBL) family is an important gene family engaged in the O-acetylation 
of cell wall polysaccharides. The varying degree of cell wall acetylation can influence the resistance or susceptibility 
of plants to pathogens. However, there is little research on the function of the TBL gene at the plant genome-wide lev-
el. In coffee, there is no report. Thus, the objective of this study was to clone and characterize, through bioinformatics 
analysis, a region of the genome of the Híbrido de Timor CIFC 832/2 coffee plant, containing markers associated with 
CLR resistance. This hybrid demonstrates more durable resistance and faster responses to infection. For that, the DNA 
fragment isolated from the BAC library of the Híbrido de Timor genome was sequenced in an Illumina HiSeq2000/2500 
100PE platform. The quality of each base call was determined by estimating a quality score similar to the Phred score. 
Subsequently, the contigs were assembled using the SPAdes software and gene prediction was formulated using the gen-
eralized hidden Markov model in AUGUSTUS. This tool provides a general feature format (GFF3) file containing in-
formation such as the position of genes, exons, introns, and transcripts for each gene. Conserved domains were detected 
in PFAM software. To check for coding sequences, the predicted ORFs were subjected to a BLASTn search in genomes 
of the Coffea canephora and C. arabica. Sequences of the identified genes were used to design primers using GenScript 
Real-time PCR (TaqMan) Primer Design. Gene expression analysis was performed in compatible and incompatible cof-
fee- H. vastatrix interactions. Two protein domains in the gene TBL, PC-Esterase and PMR5N domains resistance-re-
lated, were identified by the PFAM database. Gene expression analysis indicated that gene TBL was expressed 24 hours 
after inoculation in the susceptible genotype. This TBL may be a sort of candidate gene for regulating the response of 
coffee to rust. Overall, more research remains to be done on the certain mechanisms of TBL participant plant-pathogen 
interactions. There are indications that TBLs in coffee is most a susceptibility factor for rust. This result can promote the 
further functional analysis of TBL genes. In addition, the data can provide clues for coffee disease breeding application, 
and how to enhance persistent plant resistance by silencing or knocking out susceptibility genes.

Palavras-chave: qRT-PCR; Coffee Leaf Rust; Coffee; Resistance gene; Sequecing

Support / Acknowledgment 
À Embrapa Café; ao Consórcio de Pesquisa Café (CBP&D/Café); ao Instituto Nacional de Ciência, Tecnologia e Inovação de 
Café (INCT/Café); à Fundação de Amparo à Pesquisa de Minas Gerais (FAPEMIG); e ao Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq), a Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) pelo suporte finan-
ceiro e incentivo a pesquisa.

266

GENÉTICA 
VEGETAL



IDENTIFICATION AND CLASSIFICATION OF RESISTANCE GENE ANALOG  
IN THE COFFEE GENOME

Dênia Pires de Almeida1; Giovana Gomes Estanislau2; Edson Mario de Andrade Silva3; Danúbia Rodrigues 
Alves4; Bruna Lopes Mariz4; Eveline Teixeira Caixeta5 
1Pós-doutoranda. Av. Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG. Universidade Federal de Viçosa; 
2Mestre. Av. Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG. Universidade Federal de Viçosa; 3Pós-
doutorando. Av. Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG. Universidade Federal de Viçosa; 
4Doutoranda. Av. Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG. Universidade Federal de Viçosa; 
5Pesquisadora. Av. Peter Henry Rolfs, s/n, Campus Universitário 36570-900 Viçosa/MG e Parque Estação Biológica, PQEB, 
Brasília - DF, 70770-901. Universidade Federal de Viçosa, Viçosa, MG-Brasil e Empresa Brasileira de Pesquisa Agropecuária, 
Embrapa Café, Brasília, DF - Brasil

Abstract: 
Plants have developed effective mechanisms to recognize and respond to infections caused by pathogens. Among them 
are the PRRs and R genes called resistance gene analogs (Resistance Gene Analog -RGAs). These genes contain con-
served domains and motifs that play specific roles in the pathogen responsible for intracellular signaling activating plant 
defense. Due to the high evolutionary pressure occurring during plant-pathogen interaction, some genes, such as PRRs 
and especially R genes, present a high diversity and variability. Therefore, the comprehension of their classification 
and their diversity is important to better understand the co-evolution of the pathogen and the host. For coffee, few re-
ports of the identification and study of RGAs classes are available. In our work, an approach based on the prediction of 
functional domains in proteins encoded by RGAs was used to identify and quantify the gene classes involved in coffee 
resistance. FASTA sequences of the annotated proteins in the Coffea arabica genome deposited in the NCBI database 
were submitted to InterProScan5 using the standard parameters. A TSV file (domains and classes file) was generated 
and analyzed by the RRGPredictor tool. The FASTA sequences of the proteins were, also, directly analyzed by other toll 
DRAGO2. By both approaches, different classes of RGAs were identified and classified. Nineteen gene classes (CNL, 
CN, MLO, NL, N, RLK, RLKGNK2 KIN, RLP, RPW8NL, TNL, TN, T, CLK, CL, CTNL, L, TL e TRAN) were found 
in the genome of C. arabica using the RRGPredictor and DRAGO2 tools with potential involvement in the resistance 
of C. arabica to diseases. The used approaches allowed to verify the RGA classes present in the C. arabica genome, as 
well as, to analyze the distribution of these classes in the genome. Some classes were identified exclusively in the RRG-
Predictor tool: MLO, RLKGNK2, RPW8NL, and TNL. Other as CNK, CL, CTNL, KIN, L, TL e TRAN were found 
only in DRAGO2. From all classes, CNL was the most found in the genome of this specie (22,54%), followed by RLK 
(19,14%). The presence of the CNL class is considered highly relevant in the effective resistance to diseases. CNL is 
involved in the interaction with the effector proteins of pathogens and Hypersensitivity Reactions (HR). The RLK class 
the is largest gene family in plants and plays critical roles in the regulation of plant developmental processes, signaling 
networks, and disease resistance. The information obtained in our work has great potential for understanding the classes 
and domains of resistance genes present in the C. arabica genome. The results are also important for the identification 
of genetic resources for the development of disease-resistant coffee cultivars, in addition to understanding the high di-
versity and variability of domains of the RGAs in coffee.
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Abstract: 
The use of the CRISPR/Cas9 technique allows the editing of specific regions in the genome due to the use of sgRNAs 
(Single Guide Molecules) that anneal to the target DNA and show to the Cas9 enzyme where the double strand break 
should occur. Therefore, designing the sgRNAs carefully is one of the most important steps to have success in gene ed-
iting using this technique. The problem is that reference genomes from databases are not true genomes, particularly for 
the species that present high level of heterozygosity. In plants this is even more evident when comparing these sequences 
with genomes from other varieties/cultivars used for edition, such as for citrus. Citrus sinensis (sweet orange) is one of 
the most import crops in Brazil, generating more than 2 million dollars a year for Brazilian agribusiness. However, this 
crop has been struggling due to the diseases that impact a sustainable production. There many sweet orange cultivars 
used in commercial orchards but without a significant source of resistance to many diseases, like Huanglongbing (HLB). 
Thus, CRISPR technology seems to be a promising tool to generate a citrus tolerant to diseases, since many genes 
associated with plant susceptibility are already known and the sweet orange genome for two cultivars (Valencia and 
Pinneaple) are available in genome databases. However, we verified that many of the target genes show SNPs, which 
could interfere in the analysis leading to false positive identification after gene edition. In the course of editing Citrus 
sinensis to obtain resistant plants to HLB, we worked on the identification of SNPs in the sgRNAs of two sweet orange 
varieties (Hamlin and Valencia). For this, the sgRNAs were designed in the CRISPR-P program (v 1.0) and five se-
quences were selected for analysis. For all cloning steps we used the pGEM-T easy vector to transform the DH5α strain 
of Escherichia coli. Fourty colonies of E. coli containing the cloned amplicon of the target editing regions from these 
two cultivars were analyzed by Sanger sequencing. In this analysis, the Protospacer Adjacent Motif (PAM) region of 
one of the sgRNAs showed a SNP (G/C) in both varieties, with 60% e 55.54% of the sequences containing C in Hamlin 
and Valencia, respectively, instead of G from the reference genome (Valencia). Considering the role of the PAM region 
in the recognition and binding of the Ribonucleoprotein complex to the DNA strand, the probability that edition will not 
occur is extremely high so this sgRNA cannot be used for editing neither of these two sweet orange cultivars. With these 
analyses, we demonstrated the crucial importance of sequencing the gene editing target region before choosing sgRNAs 
based on reference genome sequences.
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Abstract: 
The LRR receptor-like kinases (LRR-RLK) and LRR receptor-like protein (LRR-RLP) are cell-surface localized pat-
tern-recognition receptors (PRRs), which recognize conserved microbial signatures called pathogen-associated molec-
ular patterns (PAMPs). PRRs are reported to participate in plant defense against bacterial and fungal pathogens, as well 
as in mutualistic associations. Xa21, originally identified in rice to confer resistance to Xathomonas oryzae pv. oryzae 
(Xoo), causal agent of bacterial leaf blight (BLB), is now known to belong to a multigene family of similar name and 
a member of the PRRs. Sugarcane (Saccharum spp.) is a perennial grass, belonging to Poaceae, and an economically 
attractive crop relevant to the sugar-alcohol and sugar-energy industry. However, its productivity is threatened by abiotic 
stresses such as drought and biotic stresses such as leaf scald disease (LSD). LSD is caused by Xanthomonas albilineans 
which is capable of producing significant economic losses on susceptible cultivars. No molecular mechanism for resis-
tance to this disease is available. We identified ten candidate Xa21 homologs in sugarcane, named ShXa21-1 to ShXa21-
10, several of which are arranged in clusters, possibly as a result of tandem duplications. Eight of those belong to LRR-
RLK and other two to LRR-RLP as they lack the kinase portion. In the present study, the differential expression of these 
genes was examined post-inoculation of Xanthomonas albilineans, an endophytic bacterium and the interaction of both 
microorganisms using real time quantitative PCR. Three members of the ShXa21 family were up regulated in a tolerant 
cultivar after pathogen inoculation or the endophytic bacteria, respectively. But no significant changes were detected in 
the mixed interaction. By contrast, in the susceptible sugarcane, two of the same members of the ShXa21 family, only 
showed induced expression after beneficial-pathogenic bacteria interaction. An additional experiment performed at six 
months reveal that two other ShXa21 members display tissue specificity. Our results contribute to a better understanding 
of the evolution and function of ShXa21 and provide a framework for further functional investigation of them.
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Abstract: 
Maize is a worldwide cultivated crop of high economic relevance and a key model organism for genetic studies. The 
maize genome presents a high diversity, especially considering its biogeographic localization. These two parameters 
interact to produce a wide diversity of phenotypic and adaptative traits. Among all the varieties, landraces, and inbred 
lines, the B73 was chosen to have its genome sequenced and used as a reference in maize genetic studies. This temperate 
climate inbred line is originated from the Iowa state in the United States. Due to the lack of a tropical maize inbred line 
as a reference, the B73 must be used. However, only recently, the B73 was introduced and cultivated in Brazil through a 
donation from Maize Genetics Cooperation Stock Center. The introduction of B73 in the tropical region requires special 
attention to the maintenance of the genetic background and its response to the environment. Since the original seeds 
arrived in Brazil, two cycles of self-pollination were carried out during the summer of 2018-2019 and 2021-2022. In the 
present work, we present the first seed comparative analysis among the original sample with the S1 and S2 progenies 
of B73 cultivated in the tropical environment. The seeds were evaluated for morphological parameters, including color 
intensity by image analysis using the ImageJ software, collecting the following information: area, average gray value, 
perimeter, Feret diameter, integrated density, and shape descriptors. Additionally, the seed weight was measured. Dif-
ferences were observed for all the parameters analyzed. The color intensity increases from the original sample to the S2 
generation. These results suggested that some descriptors may vary along with generations. These phenotypic variabil-
ities across generations of the B73 adaptation to the tropical environment suggest an epigenetic accommodation with 
accumulation for some traits as seed color. The findings reinforce the importance of rigorous monitoring of introgressed 
genotypes in a new environment, especially for those used as references in genetic studies. Moreover, these results con-
tribute to the understanding of the adaptation process to different environmental conditions of the maize spread around 
the world.
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Abstract: 
Flowering time is a quantitative trait of extreme relevance for cultivated plants since it controls plant adaptation to the 
environment. However, the relationship between flowering time and the heterochromatic knob composition is a long 
discussion in maize genetics. The varieties and landraces with more heterochromatic knobs have later flowering time 
compared to genetic material with fewer knobs in the chromosomes. Recently, for the first time, a specific knob was 
attributed to influence the flowering time in maize significantly. The presence of the K9S heterochromatic knob, as ho-
mozygous or heterozygous, reduces the flowering time, differing from most of the observations made in the literature. 
To extend the previous observation concerning the presence of the K9S and its influence on a phenotypic trait, we used 
a B-A translocation carrying the K9S named TB-9Sb introgressed to the B73 inbred line background with seven cycles 
of backcrosses. This translocated line was compared to the normal B73. The B73 inbred line carries a homozygous 
K9S, while the B73-TB-9Sb adds an extra knob to the genetic background. Moreover, the chromosome TB-9Sb has a 
dominant genetic marker C1 (colored aleurone1), which allows following the chromosome inheritance. This work aims 
to verify whether the additive effect of the heterochromatin of B9 affects phenotypic traits, including the flowering time. 
The experiment was conducted in a greenhouse, and 30 plants represented each genotype. During the flowering time, 
the plants were self-pollinated or as siblings with the same genetic background. The B73-TB-9Sb was subsampled ac-
cording to the presence of the C1. The phenotypic traits were germination time, the number of ears, tassel flowering time 
and embryo and aleurone color. The B73-TB-9Sb-C1 [purple aleurone] had the fastest germination time, while B73-TB-
9Sb-c1 [yellow aleurone] showed a one-day reduction in the radicle growth when compared to B73. No difference could 
be observed in the tassel flowering time. The B73 and B73-TB-9Sb-c1 did not produce any color seeds, which means the 
absence of the translocated chromosome. The B73-TB-9Sb-C1 segregated for purple and yellow aleurone. We identified 
two classes of yellow aleurone according to the embryo color. At least one trait, seed germination time, correlated to the 
presence of the additional heterochromatin in the K9S. This work opens perspectives to establish a better understanding 
of the heterochromatin functions and the comprehension of the effects and behaviors of the TB-9Sb translocation.
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Abstract: 
The black pod of cacao (Theobroma cacao L.) is caused by the pathogen Phytophthora spp., being considered the most 
important disease of the crop worldwide, which can cause losses of 40% in production if control measures are not adopt-
ed. The processes related to susceptibility and resistance to this disease are still poorly understood. However, analyzing 
the enzymes involved with the defense mechanisms helps to understand how plants react to the attack of the pathogen. 
Thus, in the present study, the activities of the enzymes ascorbate peroxidase (APX), phenol peroxidase (POX) and cat-
alase (CAT), in the susceptible genotype (CO2003) and in the black pod resistant clone (CCN51), were evaluated, under 
control conditions and inoculated with P. palmivora. Samples for enzyme evaluation were collected at 3 h, 6 h, 12 h, 24 
h and 48 h after inoculation (hpi). By means of Biplot analysis based on principal components, the times of 3 and 24 hpi 
were the most contrasting. For all enzymes, the 3 hpi time showed greater activity than the 24 hpi time. In the APX ac-
tivity, the inoculated plants showed higher activity compared to the control, but it was not a significant value. However, 
when comparing the genotypes, CO2003 was significantly higher (p< 0.001) than CCN51. The same pattern occurred 
in POX activity, where the increase in activity was 3 times greater in the susceptible variety. Higher peroxidase activity 
may indicate an increase in lignin biosynthesis, which acts as a barrier to pathogen infection. CAT activity was higher 
in CCN51, however these values were not significant. The ability of resistant genotypes to increase catalase activity 
suggests a possible positive regulation for this defense enzyme. Finally, the differences found between the genotypes 
and treatments in this study must be linked to different mechanisms of protection and adaptation to adverse situations. 
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Abstract: 
Apoptotic Inducer of Chromatin Condensation in the Nucleus (ACIN1) is a scaffold protein whichinteracts with 
RNA-binding proteins, such as RNA-binding Protein with serine-rich domain 1 (RNPS1)and Sin3A Associated Protein 
18 (SAP18). ACIN1 was first described as a component of a protein complex responsible for triggering apoptosis in hu-
man cells. In plants, ACIN1 participates in silencing theFlowering C Locus (FLC), involved in vernalization process in 
Arabidopsis, with no clear relationship to programmed cell death (PCD) in plants. Unlike in humans, there are no studies 
relating ACIN1 to PCD inplants, as well as knowledge about the function of ACIN1 in plants is scarce. In the present 
study, weperformed the analysis of the ACIN1 gene family in plants, giving special attention to members of the Faba-
ceaefamily. We identified 29 ACIN1 orthologs from 19 species belonging to 12 plant families. Phylogeneticrelation-
ships, physicochemical properties, gene structure, conserved motifs, cis-elements present inpromoters, chromosomal 
localization, synteny regions and interaction network were investigated. Greatconservation of ACIN1 protein domains 
was observed among plant families. Putative metacaspasecleavage sites were detected along the deduced amino acid 
sequences of ACIN1 proteins, showing thepredicted homology between plant and human proteins. This study provides 
several insights intoevolutionary and structural features of the ACIN1 gene family in plants, predicting their participa-
tion inplant development and stress responses.
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Abstract: 
In southern Brazil, among the vegetation formations of the Atlantic Forest, the Araucaria Forest stands out. This forest 
usually occurs forming mosaics with open fields (Campos de Altitude) rich in herbaceous species. In these open fields 
are species adapted to a colder and drier climate, with the presence of negative temperatures in the coldest months of 
the year. Numerous studies have been carried out on the evolutionary history of species occurring in the Atlantic Forest, 
helping to clarify the origin and diversification of this biome over time. However, these types of studies are scarce with 
plant species from the cold regions of the south of the Atlantic Forest. Still, little is known about the role of rivers and 
their valleys in the dynamics of native populations over time in the southern Atlantic Forest. In this context, the Uruguay 
River valley stands out and may have acted as a geographic barrier to the dispersion of open-field species, as it main-
tained forests during the last glaciations. In this sense, this study aimed to study the evolutionary history of populations 
of Baccharis crispa Spreng, Asteraceae, from the south of the Atlantic Forest, testing the hypothesis of the Uruguay 
river valley acting as a barrier in the differentiation of open-field species. For the study, sequences were obtained from 
the chloroplast genome regions (trnL-trnF and psbA-trnH) of individuals from six populations sampled in the counties 
of Guarapuava (Paraná), Joaçaba and Xanxerê (Santa Catarina), and Coxilha, Panambi, and Herveiras (Rio Grande do 
Sul). Of these populations, those from the states of PR and SC are located to the north of the Uruguay River valley and 
those from RS to the south of the valley. The results obtained showed high nucleotide and haplotypic diversity in the 
populations of B. crispa when compared to other species of Asteraceae from the Atlantic Forest. The evaluation of the 
results of the neutrality tests, the Bayesian Skyline Plot, the mismatch distribution and the statistical significance of 
the SSD and HRAG indices showed population expansion in the last 200 thousand years, with a possible demographic 
expansion of populations from the north to the south of the Uruguay river valley. A high phylogeographic structure was 
observed for the populations of B. crispa and a high number of unique haplotypes and ribotypes in the populations of 
the north and south of the Uruguay River valley. The analysis of genetic groups showed that genetic diversity is better 
explained considering four genetic groups, two formed by populations from the north of the Uruguay River valley and 
two by populations from the south of the valley. The overall analysis of the data from this study corroborates that the 
Uruguay River valley may have acted as a geographic barrier limiting the gene flow between the populations of B. cris-
pa in the south of the Atlantic Forest. Furthermore, the high diversity of populations and population stability in the last 
200 thousand years evidence the permanence of B. crispa populations in southern Brazil during the last glacial periods.
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Abstract: 
Oil palm (Elaeis guineensis Jacq.) is an oilseed crop of great economic importance. The oil palm industry has a large-
scale production worldwide and uses high efficient extraction and refining processes to obtain palm oil and palm kernel 
oil. In Brazil, currently, there is an extensive area suitable for oil palm planting outside the Amazon rainforest; however, 
these areas go through long periods of water scarcity and demand artificial irrigation to be sustainable. One-quarter of 
the irrigated area in agriculture has a problem with salinity stress. Studies show that microRNAs (miRNAs) play roles in 
transcription and post-transcriptional regulation of gene expression and are essential molecules in the response of plants 
to abiotic stress. Our research group performed a comprehensive and large-scale miRNA analysis to characterize the 
miRNA population in oil palm exposed to drought and saline stresses, aiming to identify putative miRNA target genes 
in the oil palm genome, and perform an in silico comparison of the expression profile of miRNAs and their putative 
target genes. Leaf samples collected from young oil palm trees submitted to water deprivation (14 days) or salt stress 
(12 days). Small RNA-seq datasets underwent rigorous curation and subsequent analysis of differential expression and 
functional annotation using appropriate software. Seventy-nine and 81 miRNAs appeared in salinity and drought stress, 
respectively, being 52 known miRNAs and 29 new miRNAs. Those miRNAs with a significant difference in expression 
(probability ≥ 0.95) under saline stress were all down-regulated; on the other hand, under drought conditions, 62 were 
significantly differentially expressed under drought stress, with five up-regulated and 57 down-regulated. Functional an-
notation of the differentially expressed putative target genes under saline and drought stress showed several transcription 
factors. Overexpression or knockout of such genes resulted in tolerance to these abiotic stresses in other plant species. 
Therefore, our study provides new insights into the early response of young oil palm plants to saline and drought stress 
and confirms an expected preponderant role of transcription factors along with some long non-coding RNAs (lncRNAs). 
Furthermore, it points out potential salt and drought-responsive miRNAs and their putative target genes that are candi-
date genes for producing genetically modified/edited oil palm plants tolerant to these two abiotic stresses.
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Abstract: 
Antimicrobial peptides - AMPs are members of the defense system of different organisms including plants. They are 
classified into different families, such as defensins - a widespread group of AMPs found in plants, with broad activity 
against pathogens (bacteria, fungi, viruses, and parasites). Therefore, this study aimed to obtain a heterologous ex-
pression system of a synthetic defensin from Manihot esculenta (Medef1) in cowpea (Vigna unguiculata) to enhance 
the resistance against phytopathogens, as well as further tests in the health area including anti-SARS-CoV-2 assays. 
Initially, the native sequence of M. esculenta defensin was manually reduced from 45 to 20 amino acids. The rationally 
engineered peptide, designated as Medef1, was predicted to have a broad-spectrum antimicrobial potential. Then, the 
expression vector was designed using the SnapGene software. The vector pAHASMEDEF was designed to harboring 
Medef1, the cauliflower mosaic virus (CaMV) 35S promoter and the NOS terminator. Moreover, the two selection 
markers Atahas and Bla genes were chosen to promote tolerance against the systemic herbicide Imazapyr and the anti-
biotic ampicillin, respectively. Therefore, Escherichia coli cells (DH5-α) were transformed with the synthesized vector 
pAHASMEDEF1 by heat-shock transformation. The recombinant colonies were inoculated in 300 ml of LB-ampicillin 
media (100 µg/L) and incubated in shake-flasks at 37°C overnight. The plasmid DNA was purified using the Plasmid 
Maxi Kit (Qiagen). The insertion in plasmids was confirmed using XhoI and PstI restriction enzymes, followed by PCR 
through a primer pair flanking Medef1 and then sequencing by ABI Prism Big Dye Terminator Cycle sequencing kit 
(Applied Biosystems). Thus, aliquots containing plasmid prepared with tungsten microparticles (M10) were used for 
transformation of cowpea embryonic axis (cv. Boca Negra) by bombardment method. A total of 540 embryonic axes 
were bombarded and transferred to the selection and shoot induction medium. From these bombed embryos, 51.85% 
are in the regeneration phase, while 3.6% already have developed aerial and root parts. The next steps correspond to the 
generation of the transformed plant, multiplication (T1 and T2 generations), transformation efficiency, bioassays with 
phytopathogens and evaluation of the target peptide production in planta, contributing to further researches on purifi-
cation and therapeutic application
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Fernanda Roverssi1; Thais Magni Cavichioli1; Maiara Curtolo1; Rodrigo Rocha Latado1; Marinês Bastianel1; 
Mariângela Cristofani Yaly1 
1Pesquisador. Rodovia Anhanguera km 158, CP 04, CEP 13.492-442, Cordeirópolis-SP. Centro de Citricultura Sylvio Moreira/
Instituto Agronômico - IAC

Abstract: 
The Citrus Breeding Program of the Citriculture Center at the Agronomic Institute (IAC) has developed a mandarin 
cultivar, IAC 2019Maria, from the crossing between Murcott IAC tangor (Citrus reticulata x C. sinensis) and Pera IAC 
sweet orange (C. sinensis). The prevailing mandarin varieties in Brazil are Ponkan mandarin and Murcott tangor, how-
ever, those varieties do not meet the international market standards, which has greatly valued the consumption and de-
velopment of seedless fruits. In addition, the varieties Ponkan mandarin and Murcott tangor are susceptible to Alternaria 
brown spot (ABS), caused by fungus Alternaria alternata, which severely affects Brazilian mandarin orchards, causing 
loss of productivity. IAC 2019Maria is the first fully Brazilian mandarin cultivar, developed over 20 years of research 
at the IAC. It is the first citrus cultivar by IAC protected by the National Service for the Protection of Cultivars (SNPC) 
of the MAPA, and licensed to nurseries. Given its resistance to ABS, the cultivar causes less environmental impact 
since it reduces or even eliminates the need for pesticide application, also lowering production costs. The present re-
search aimed to identify zygotic embryos and determine the ploidy level of the hybrids obtained from crossings of IAC 
2019Maria mandarin with Ponkan mandarin (C. reticulata Blanco) and Pera IAC sweet orange (C. sinensis), self-pol-
lination, open pollination and no pollination. The embryos were identified using microsatellite molecular markers and 
ploidy was assessed by flow cytometry. The results of the treatment with no pollination suggest the variety does not 
produce parthenocarpic fruits. The genotyping results showed that 100% of the populations consist of zygotic embryos, 
suggesting that IAC 2019Maria mandarin is a plant with low polyembryony rate. The ploidy analysis of the hybrids 
allowed identifying a triploid plant from an aborted seed from the crossing with Pera sweet orange and two tetraploids, 
one from the crossing with Pera sweet orange and one from self-pollination.
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THE GENOMIC POSITION OF THE SATELLITE DNA AFFECTS  
THEIR NUCLEOTIDE DIVERSITY IN MAIZE

Gabriel Fernando Silva2; Mateus Mondin1 
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Abstract: 
Nowadays is accepted that the molecular drive operates the satellite DNA (satDNA) evolution by sequence mutations 
in the same way through the genome. However, satDNA regions are found in different genome contexts, such as in the 
centromeres, telomeres, or interstitial positions of the chromosome arms. These locations change drastically by gene 
abundance and epigenetic indexing, which we believe alter the pattern of nucleotide evolution. Considering the above 
context, we tested two different satDNA families of maize genome differing in their genome localization to the pattern 
of sequence evolution. We chose the cent-C satDNA family for being localized at the centromeric region, where the 
CENH3 histone is deposited and the functional centromere is assembled. On the other hand, the K180 satDNA family 
is the main component of the heterochromatic knobs, which are immersed in gene-rich regions of the genome without a 
clear interaction with them. These two genome contexts represent the ideal situation to test our hypothesis about the in-
fluence of satDNA location in their pattern of evolution. Motifs of both satDNA families were recovered from the maize 
B73 inbreed line reference genome. The nucleotide diversity was measured in each satellite DNA family and compared 
to their genome context. In general, knobs present a higher nucleotide variability when compared to centromeric re-
gions. The Cent-C satDNA family revealed a specific sub-organization inside the centromere, where three diversity 
patterns are identified. The most conserved sequences possibly represent the functional centromere. The most diverse 
Cent-C sequences are localized physically distant from the functional centromere in the periphery of the pericentromeric 
region. An intermediate group of Cent-C sequences appeared between the first two. The variability tends to increase 
from the conserved cores inside the centromere to the border of the pericentromeric arrays. Meantime the K180 knob 
does not show any organization across the arrays. The Cent-C and CENH3 interaction in assembling the functional cen-
tromere is well-documented, resulting in DNA and protein complex, which could interfere with the taxes of nucleotide 
polymorphism. On the other hand, knobs are not linked to specific functional proteins, leading to a random variation of 
their nucleotide composition. These results suggest that the satellite DNA orchestrated evolution is affected by genome 
location, especially those interacting with functional proteins.
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Abstract: 
The maize genome is mainly constituted by repetitive sequences. Despite the vast knowledge about the maize genome 
organization and evolution, a lack remains open about DNA satellite behavior during this history and its connection to 
relative species. It is well-established how the gene changes shaped the modern maize plant structure from the ancestral 
teosinte. Considering this scenario about maize evolutionary history, we are mapping the variability and changes in 
repetitive DNA sequences, especially those composing the knob heterochromatin. These satellite DNA sequences repre-
sent the actual genome dark matter, and understanding their evolution is essential to discovering possible involvement in 
genome functions. We found two new K180 variants named K180_2 and K180_3 in addition to the original K180-1. The 
main aim of this work was the connection of these new satDNA subfamilies to the evolutionary history of maize, search-
ing for their origin through the analysis of relative species. A data mining for the three K180 subfamilies was carried out 
in B73, Mo17, Z. mays spp. mexicana, Zea luxurians, Z. diploperennis, Tripsacum dactyloides, Coix aquatica, and C. 
lacryma-jobi genomes. We compared the structure and the nucleotide composition of the K180_2 and K180_3 with the 
original K180_1. The first 93 bp among the three motifs is highly conserved, while the other 87 bp presents a divergence 
of 25%. The K180_1 is present in all species analyzed, and its sequence is well-conserved across evolution. The K180_2 
is only absent in Coix. Meanwhile, Tripsacum presents the K180_3 exclusively. A series of rearrangements between 
K180_1 and K180_3 gave the origin to K180_2 that later was spread out to other Zeaspecies. The point of origin for 
the K180_2 reinforces that beyond the genes, satellite DNA sequences are also important markers to understanding the 
genome behavior during species divergence and evolution, bringing insights into maize evolutionary history.
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PATHOGEN INFECTION AND DROUGHT STRESS AFFECT GENES OF THE THIAMINE 
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Abstract: 
Vitamin B1, comprising thiamine vitamers and their phosphorylated derivatives, is an essential micronutrient for all 
living organisms and is required as a metabolic cofactor in several enzymatic reactions. In addition, vitamin B1 is also 
vital to plants themselves, and its relevance to plant health have received less attention than human and animal health. 
Therefore, the fine regulation of cellular concentrations of thiamine appears to be key to metabolic homeostasis and 
adaptation to abiotic and biotic stresses. Despite the importance, the genetic diversity of thiamin pathway genes has not 
been investigated in major crop species, such as sugarcane. This study presents the identification of the thiamin pathway 
genes in commercial sugarcane genome and it is expression pattern during biotic and abiotic stresses. THI1, THIC, and 
TH1 belong to the de novo thiamin biosynthesis pathway while THIM is key to the salvage pathway. The genes encod-
ing these protein sequences were identified based on Sorghum bicolor annotation. To ensure the complete identification 
of the four genes, we performed a Blastp using THI1, THIC, TH1 and THIM from sorghum protein sequences against 
the Saccharum sp. var. SP80-3280 GIGA contig assembly (PRJNA431722). The RNAseq datasets from Saccharum 
sp. used were obtained from NCBI BioProject under accession code PRJNA590595 (drought experiment) and PRJ-
NA549590 (X. albilineans infection experiment). The pipeline of datasets processing followed: (I) FastQC was used 
on all datasets to check for the dataset quality; (II) TrimGalore! was used to trim any adapters present in the datasets; 
(III) next, the Salmon v1.1.0102 was used to estimate transcript expression levels expressed as Transcripts per Million 
(TPM) transformed as log10(TPM). As observed in S. bicolor, ShTHIC, ShTHI and ShTHIM are single copy genes and 
whereas there are two copies of the ShTHI1 (ShTHI1-1 and ShTHI1-2) gene in Saccharum sp. var. SP80-3280. To fur-
ther support the role of the thiamine in plant health, we analyzed gene expression of both de novo and salvage thiamine 
pathway in sugarcane during the response to infection by X. albilineans and drought stress. Our results show that de 
novo biosynthesis genes (ShTHIC, ShTH1, ShTHI1-1 and ShTHI1-2) respond early to both stresses. During infection 
by Xanthomonas, ShTHIC, ShTHI1-1 and ShTHI1-2 display reduced expression compared to mock. On the other hand, 
ShTHIM shows an increase in the relative number of transcripts at all time-points analyzed. This compensatory expres-
sion pattern among genes of de novo and salvage pathway, could be a form of maintaining thiamine levels at the cell, 
during the early stage of infection stress. However, the response of these genes during drought stress is the opposite of 
the infection. Genes of de novo biosynthesis (ShTHIC, ShTHI1, ShTHI1-1 and ShTHI1-2) show increased of expression 
levels in both stages of stress: early (2 days after treatment) and late stages (10 days after treatment), while ShTHIM 
expression is not affected during drought stress. Our findings provide one of the very few observations attributed to thi-
amine pathway genes in sugarcane under biotic and abiotic stress conditions and may direct future studies to understand 
the role of these genes in plant health.
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Abstract: 
Gliricidia sepium (Jacq.) Walp., a legume, is a medium-sized multipurpose plant originaly from Central America. At 
an economic level, gliricidia can improve water infiltration, increase the soil’s water retention capacity, reduce erosion, 
and restore the soil’s quality. This species can adapt to very high levels of salt stress (≥20 dS m-1). Soil salinity is an 
environmental limiting factor for plant biomass production worldwide, and one-quarter of the irrigated area in agri-
culture has a problem with salinity stress. Our research group performed a comprehensive analysis to characterize the 
metabolomic and proteomic profiles in the leaves and roots of gliricidia under salinity stress, aiming to identify those 
metabolic pathways, metabolites, and proteins affected by this stress. Groups of five and a half-month-old gliricidia 
plants were kept under control conditions or subjected to saline stress (27 dS/m of electric conductivity) for 2 (short-
term stress) or 55 (long-term stress) days. The samples got separated into leaf and root data and organized as follows: all 
in treatments data set (control and stressed plants at 2 and 55 DAT); age effect - AE (samples from the control plants at 
2 and 55 days after treatment - DAT, only metabolomics); short-term stress - STS (the control and the stressed plants at 
2 DAT); long-term stress 1 - LTS1 (control and stressed plants at 55 DAT); and long-term stress 2 - LTS2 (the stressed 
plants at 2 and 55 DAT, only metabolomics). Each data set had five and three biological replicates per treatment for 
metabolome and proteome analysis, respectively. Based on the results from the metabolome component of this study, it 
was possible to postulate that the accumulation of lignin and some phytosterols, as well as lysine biosynthesis-but not 
degradation, play a role in promoting the adaptation response of gliricidia plants to a very high level of salinity. The 
number of proteins found in the STS was much lower than in the LTS in both organs. The differential expression analysis 
revealed three groups of proteins, those present only in the control plants, those in the stressed, and those in both. The 
functional annotation analysis revealed a prevalence of proteins from Genetic Information Processing and Carbohydrate 
metabolism groups in both tissues of salt-stressed plants; and in both scenarios. The integration of the results from both 
omics platforms used is underway.
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Abstract: 
The cacao tree (Theobroma cacao L.) is a tropical woody species belonging to the Malvaceae family. This culture has 
great economic importance, as its beans are used as the main raw material for chocolate. Cocoa production in the south 
of Bahia and Espírito Santo, was severely impacted by the arrival of the pathogen Moniliophthora perniciosa, the 
causal agent of Witches’ broom disease, which reduced the production of beans. This fungus initially colonizes in the 
biotrophic phase, the apoplast, and may remain for approximately 60 days, until it changes to its second phase, where 
the fungus invades the interior of cells causing tissue death, characteristic of the necrotrophic phase. The apoplast com-
prises the intercellular space and the cell wall of plants and the compounds present in it form the apoplastic fluid. Many 
proteins accumulate in the apoplast in response to plant-pathogen interactions. Therefore, a better understanding of the 
importance of the apoplast in the T. cacao-M. perniciosa interaction is necessary. Our main objective was to charac-
terize the apoplast proteome of two cocoa genotypes CCN-51, resistant and Catongo, susceptible, contrasting in terms 
of resistance to Witches’ broom disease. For this, we used leaves of infected cocoa plants (under field conditions) and 
uninfected plants (grown in a greenhouse) with the fungus M. perniciosa for the extraction of apoplastic washing fluid 
(AWF) based on the vacuum infiltration method. Then, the AWF proteins were extracted and identified using gel-free 
proteomics. We identified 61 proteins in the Catongo genotype and 90 proteins in CCN-51, both under field conditions. 
In plants grown in a greenhouse, we identified 106 proteins in Catongo and 153 in CCN-51. For the Catongo geno-
type we obtained 18 differentially expressed proteins and for CCN-51, 22 proteins. Many proteins are involved in the 
stress and defense process, such as subtilisin-like proteases, germin-like and kinases proteins. In addition, we identified 
Pathogenesis-related protein, such as peroxidases, which are responsible for strengthening the plant cell wall; beta-glu-
cosidase and chitinases, which have fungal cell wall matrix degradation and; osmotin, that has antifungal activity. A 
basidiospore germination bioassay of the fungus M. perniciosa in the presence of AWF was also carried out. The results 
show inhibition of spore germination of 89.5% and 82.6%, for genotypes CCN-51 and Catongo under field conditions, 
respectively. For the genotypes grown in a greenhouse, the inhibition was 87.4% in CCN-51 and 86.8% in Catongo. The 
results also show morphological alterations of the basidiospores, such as the reduction of the germ tube and possible 
rupture of the membrane. Our results provide a better understanding of the nature of the plant’s defense in the apoplast 
in the T. cacao-M. perniciosa interaction in the initial (biotrophic) phase of the fungus infection and, may contribute to 
expand witches’ broom control strategies. 
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Abstract: 
Syagrus coronata is an endemic palm tree in Brazil known as ouricuri distributed in the Caatinga and Atlantic Forest 
domains, being used for the manufacture of food and craft products, in addition to its fruits serving as food for the 
native fauna. However, the accentuated fragmentation of habitat in the biomes where it is found has contributed to the 
vulnerability of the species that needs strategies for the conservation of genetic resources. The objective was to estimate 
the polymorphism in different localities and biomes based on microsatellite markers and chloroplast sequences and to 
propose strategies for collection and conservation. Samples were collected in six locations, four from the Caatinga (São 
José da Tapera-AL, Santana do Ipanema-AL, Raso da Catarina-BA, Água Branca-AL) and two from the Atlantic Forest 
(Pirambu-SE and Coruripe-AL) for DNA isolation. Amplifications were performed for three loci of the nuclear genome 
and for the trnH-psbA region, whose sequences were subjected to genotyping. For the trnH-psbA and SSRs data, the 
diversity indices were calculated: Shannon-Wiener (H), Stoddart and Taylor’s (G), Simpsons (lambda), allele richness, 
Shannon information measure and heterozygosity, using the package poppr R package. For SSR data, the number of 
alleles (Na), heterozygosity observed (HO) and expected (HE), FST, Nei diversity (Hexp) and the frequency of null al-
leles were also analyzed. In addition, principal component analysis (PCA) was performed using the glPca function from 
the adegenet package and molecular analysis of variance (AMOVA) using poppr.amova from the poppr R package. The 
results revealed that trnH-psbA exhibited five polymorphic sites, combined into nine haplotypes widely shared between 
biomes, indicating the occurrence of gene flow. For SNPs, the different statistics (H, G and lambda) showed that the pop-
ulation of Pirambú has the highest values in relation to the other localities, but Raso da Catarina showed greater diversity 
using the Shannon information method. The number of alleles found in SSRs ranged from 15 to 18, many of which were 
unique to certain localities, suggesting that they preserve their own gene pool. The analysis of the SSRs revealed that 
the greatest genetic diversity was found in Água Branca for the three statistical methods used (H, G and lambda). The 
diversity based on Nei indicates that Pirambú was more expressive and also presented the highest allelic diversity (5.09). 
The highest value obtained for FST in the three loci was 0.048, showing reduced genetic differentiation between the 
locations and that only one group was defined. AMOVA demonstrated that genetic diversity is found within the samples 
both for data from SSRs (98.3%) and for trnH-psbA (56.68%). PCA analyzes detected the formation of a single group, 
indicating that genetic variation does not differ between localities. Although genetic resources are distributed in different 
biomes, the diversity present in the locations does not differ, that is, for the formation of germplasm banks there is no 
need to collect individuals in different locations. In situ conservation appears to be the most favorable option, due to the 
high genetic diversity found within populations.
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Abstract: 
Plant genomes vary greatly in size and sequence composition, particularly in its repetitive fraction. Repetitive sequenc-
es, like transposable elements and satellite DNAs, are the main components of plants genomes, playing an important 
role in the variation of genome size and structure and ultimately impacting species diversification and adaptation. The 
American genus Alstroemeria is distributed mainly in Brazil and Chile. The species of this genus are similar in relation 
to chromosome number (2n = 16) and karyotype asymmetry, all having very large genomes (above 18 pg). However, 
they show marked differences in terms of heterochromatin distribution, with several Chilean species having prominent 
heterochromatic bands, while Brazilian species have smaller ones. In the present work, we aimed to comparatively char-
acterize the repetitive fraction of Brazilian and Chilean species to understand the influence of different repeat classes 
on heterochromatin organization in this group. For this, we used low coverage sequencing of the Chilean species (A. 
exserens, A. hookeri, A. ligtu, A. philippi, A. pulchra and A. violaceae) and of the Brazilian species (A. longistaminea, 
A. monticola and a new species, Alstroemeria sp.) for repeat characterization using the platform RepeatExplorer. Ret-
rotransposons from the lineage Ty3-gypsy Tekay were the most abundant for all species analysed, contributing to their 
large genome sizes. All repetitive elements were shared among species, except for some divergent Retand clusters pres-
ent in Chilean species only. Alstroemeria philippi and A. violaceae were highly similar in respect to the general pattern 
of repeat abundances, suggesting a close phylogenetic relationship. Most of the highly abundant satellite DNA clusters 
were shared among all species, with a single cluster restricted to Chilean species, despite the age of the group (ca. 18 
mya). Nevertheless, satDNAs showed a high variation in their genome proportions among species. Satellite DNAs 
were more abundant in four of the six Chilean species, such as Alstroemeria ligtu, with the highest proportion of heter-
ochromatin. Thus, the proportion of different satellite DNAs in the genomes seems directly involved in the karyotype 
differentiation between Chilean and Brazilian species.
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SCI1 IS EXPRESSED AT THE NICOTIANA TABACUM FLORAL MERISTEM AND  
IS A DIRECT TARGET OF KEY FLOWER DEVELOPMENT TRANSCRIPTION FACTORS
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Abstract: 
We previously showed that SCI1 (Stigma/style Cell-cycle Inhibitor 1) controls cell proliferation in the pistil of tobacco 
and arabidopsis. The pistil is derived from the last floral meristematic cells and we decided to investigate when SCI1 
starts to be expressed. In situ hybridization experiments have shown that SCI1 is expressed since floral meristem speci-
fication and in all floral organ primordia of tobacco. Its expression is higher in the floral meristem and the organs being 
specified, and then it decreases from outside to inside whorls when the organs are differentiating. SCI1prom::SCI1-GFP 
transgenic plants reproduce SCI1 endogenous tissue-specific expression and developmental regulation. Shoot and root 
meristems of transgenic plants show no SCI1-GFP expression. In silico analyses with PlantRegMap identified cis-reg-
ulatory elements for LEAFY (NtLFY), AINTEGUMENTA (NtANT), AGAMOUS (NAG1) and WUSCHEL (NtWUS) 
transcription factors (FTs) in the SCI1 genomic sequence. Yeast one-hybrid assays demonstrated that the NtANT, NAG1 
and NtWUS interact with the SCI1 promoter sequence. Electrophoresis mobility shift assay (EMSA) confirmed the di-
rect binding of NAG1 and NtWUS to SCI1 promoter and the luciferase activity assay demonstrated that NAG1 is able 
to activate SCI1 expression, while NtWUS could not do so. Additional experiments are underway to investigate the 
regulation by NtLFY and NtANT.
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RELATIVE EXPRESSION OF CANDIDATUS LIBERIBACTER ASIATICUS PROPHAGE  
REGIONS TARGETS ON PSYLLIDS AND SWEET ORANGE TREES  

WITH SINGLE AND DOUBLE INFECTION
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Abstract: 
Huanglongbing (HLB) is the most devastating disease of citriculture worldwide. In Brazil, there are two close-related 
bacterial species associated with the disease: ‘Candidatus Liberibacter asiaticus’ (CLas) and ‘Candidatus Liberibacter 
americanus’ (CLam). Both bacteria are vectored by the Asian citrus psyllid (ACP), Diaphorina citri. In the last years, 
we observed an inversion of these bacterial populations in Brazilian citrus belt and CLas became predominant. Based 
on these observations, we hypothesized that a kind of competition between these two species may be occurring. Since 
the discover of type 1 and 2 prophages, named respectively SC1 and SC2 in the CLas UF506 strain, the presence of 
such prophages has been studied in order to investigate if CLas may have some advantages against CLam. This fact is 
supported by the presence of a putative colicin-like bacteriocin, SC1_gp060, in the type 1 prophage, while in the type 
2 prophage a putative colicin immunity protein, SC2_gp255, is found. We believe that the expression of a bacteriocin 
immunity protein in CLas may act as a defence mechanism, protecting the bacterial cell against the bacteriocin produced 
by itself. However, bacteriocin are toxic to bacteria that are not able to produce this immunity protein, such is the case 
of CLam. Thus, we aimed to evaluate the relative expression of prophage genes that could confer an advantage for CLas 
when infecting ACPs, and single (CLas) and double infected (CLas + CLam) sweet orange trees. We investigated the 
relative expression of a putative lysozyme (CLIBASIA_RS04705), a putative bacteriocin (F488_gp09 = SC1_gp060), a 
putative bacteriocin immunity protein (F489_gp45 = SC2_gp255), a putative holin (F488_gp16) and the chromosomal 
gene prfA. No changes were observed in the relative expression genes from the bacteriocin/immunity complex. On the 
other hand, levels of the lysozyme CLIBASIA_RS04705 showed 22-fold increase in CLas single infected trees and 
a 7-fold increase in double infected sweet orange trees, both compared to infected ACPs. Our findings showed a re-
markable relative expression of the selected lysozyme. The importance of this target for CLas during the host infection 
remains under investigation.
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PROSPECTING AND VALIDATION OF ADJUSTMENTS IN A DNA EXTRACTION  
PROTOCOL FOR THE APURUÍ (DUROIA MACROPHYLLA), AN AMAZONIAN  

FRUIT TREE OF BIOTECHNOLOGICAL IMPORTANCE
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Abstract: 
The species Duroia macrophylla Huber (apuruí) produces bioactive metabolites, among which many have pharmaco-
logical potential. The presence of these metabolites can make the isolation of good-quality DNA unfeasible or difficult. 
These substances are released during cell lysis and can irreversibly adhere to DNA, inhibiting restriction endonuclease 
digestion and/or PCR amplification. However, it is considered essential that the isolation of DNA presents adequate lev-
els of purity and concentration of DNA for the development of molecular methodologies, to generate genetic informa-
tion. Several protocols for extraction of genomic DNA (gDNA) are already available in the literature, but they may not 
be efficient for all species, being necessary adaptations and modifications in such protocols, mainly when considering 
species with inexistence of studies with genetic data, as D. macrophylla. Thus, the main purpose of this research was 
to optimize a gDNA extraction protocol for this fruit species from the Amazon region of recognized biotechnological 
importance. Leaves were collected from an individual of this species in the Adolpho Ducke Forest Reserve (SISBIO 
AE23A4A). These were stored in plastic zip-lock bags containing silica gel at -20 °C the molecular steps were started. 
The extraction of gDNA (in triplicate) was performed following the protocol of Doyle and Doyle (1990) and from this 
protocol, eight modifications were prospected and tested (8 treatments) related to the fragmentation method, time, and 
temperature of digestion and precipitation of the sample. The quantification of the extracted gDNA was carried out by 
fluorometry and by spectrophotometry, the latter still allowing the analysis of the purity level through the absorbance 
ratio of A260/A230 and A260/A280. From the electrophoresis in 0.8% agarose gel it was possible to estimate the concentra-
tion by comparison with the phage lambda concentration and to verify the integrity of the extracted gDNA. The gDNA 
samples were submitted to validation by PCR with the markers rps16 intron, matK, and ITS, with undiluted DNA and 
at different dilutions: 1:5, 1:10, and 1:15 to validate them. The mean concentrations obtained by spectroscopy ranged 
from 491.6 (treatment 1) to 2323.1 ng/µL (treatment 6), and by fluorometry from 32.1 (treatment 2) to 255.7 ng/µL 
(treatment 6). It was observed that there was a difference of up to 20 times between the mean concentrations obtained by 
spectrophotometry and by fluorometry (treatment 2). Regarding the values corresponding to purity, all treatments pre-
sented the mean absorbance of A260/A230 outside the expected range. While only two treatments showed values within the 
standard for A260/A280. Bands were observed in agarose gel electrophoresis of the gDNA samples obtained from the eight 
treatments. A higher proportion of PCR products of the three markers (33.3 to 100%) was obtained with the 1:15 diluted 
gDNA. Regarding the treatments, for rps16 intron, treatments 3 and 4 presented a higher number of amplifications, for 
matK the treatment with the highest yield was treatment 1, and for ITS treatments 3 and 8. The eight treatments were 
efficient in extracting gDNA from apuruí, however, with different yields depending on the molecular marker, concerning 
concentration and purity.
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UNDERSTANDING THE COMBINING ABILITY OF SOYBEAN F2 POPULATIONS  
FOR NUTRITIONAL TRAITS
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Abstract: 
Soybean (Glycine max L.) is one of the major oilseeds in the world, and to avoid the development of unpromising pop-
ulations, the selection of parents for crossbreeding is one of the most important steps in breeding programs. Combining 
ability of genotypes obtained through diallel crossings provides parameter estimates that are useful for selecting parents 
for hybridization and understanding the action of genes involved in trait determination, such as estimates of general 
combining ability (GCA) and specific combining ability (SCA). Most diallel crossings in soybean are performed based 
on agronomic traits (plant height, cycle, grain yield, among others). Research seeking to understand the combining 
ability and inheritance of nutritional variables, such as leaf contents of macro- and micronutrients, is still scarce. The 
hypothesis of this study is that there is genetic variability among parents and soybean F2 populations for nutritional 
traits, which allows the selection of promising genotypes for breeding programs aiming at better nutritional efficiency. 
Therefore, the objectives of this study were: i) to select parents and F2 populations for nutritional traits in soybean, 
and ii) to understand the gene effects involved in controlling these traits. Field experiments were carried out during the 
2019/2020 crop season in two environments (A): Aquidauana and Chapadão do Sul, MS, Brazil. A randomized block 
design was used with two repetitions, eight parents, and 28 F2 populations (hybrids resulting from crosses between the 
parents). At 60 days after plant emergence (DAE), leaf contents of phosphorus (P), potassium (K), calcium (Ca), mag-
nesium (Mg), sulfur (S), copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn) were measured. Data were submitted to 
the joint analysis of variance and, subsequently, the unfolding of the effect of genotypes (G) and the G x A interaction in 
each site was performed according to the partial diallel structure, adopting Griffing’s model 4 for estimating the effects 
of GCA of the parents and SCA of the populations. Diallel analysis allowed the identification of promising parents and 
F2 populations for improving nutritional traits, besides contributing to information about the gene effects controlling the 
evaluated traits. The mean squares (MS) of GCA higher than SCA for Ca, S, Fe, and Zn reveal predominantly additive 
effects controlling these traits, while P, K, Mg, Cu, and Mn reveal predominantly non-additive inheritance due to the MS 
values of SCA being higher than the GCA values for these traits. The parent G3 (Zeus) and the populations P20 (M6410 
x TMG7061) and P27 (TMG7061 xTMG7063) can be used to obtain higher nutritional efficiency.
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RNAI-BASED BIOPESTICIDE TO CONTROL TUTA ABSOLUTA
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Abstract: 
The tomato leafminer Tuta absoluta is one of the most serious pests of tomato (Solanum lycopersicon) by direct de-
struction of leaf mesophyll and fruits while facilitating infection by pathogens. Examples of tomato leafminer resistance 
to insecticides and Cry proteins have been constantly reported. Therefore, novel strategies to control T. absoluta are 
urgently required. Since the discovery that gene silencing can be mediated by the delivery of double-strand RNA (dsR-
NA) molecules, RNA interference (RNAi) became a potentially useful approach for pest control. The reducing costs and 
new technologies for in vitro production of dsRNA turned the development of biopesticides based on synthetic dsRNA 
attractive. Here, we evaluated methods to deliver synthetic dsRNA in tomato “Micro-Tom” plants to control T. absoluta 
by silencing arginine kinase (AK) and vacuolar ATPase (V-ATP) target genes, and Green Fluorescent Protein (GFP) as 
a control. We evaluated the delivery of dsRNA by leaflet petiole uptake in larvae using 1, 2, 4 and 8 µg dsRNA and one 
neonate larva per leaflet (n=10); by soaking leaves in dsRNA solutions corresponding to 2.5, 5, 10 and 20 µg dsRNA 
per leaf and three larvae per leaflet (n=6); and by spraying with an airbrush 1 or 2 µg dsRNA on 35-day-old plants (n=6) 
and six neonate larvae per two leaves. Leaf damage area and larvae mortality were evaluated seven days after treatment. 
Leaf damage was reduced by 40% in treatments in comparison to the negative control after dsRNA uptake by petioles, 
but no differences for larvae mortality was observed. Soaking leaves apparently caused larvae mortality comparable to 
commercial insecticide. Spraying 2 µg dsRNA on tomato plants led to 66 and 69% larvae mortality by targeting V-ATP 
and AK, respectively, however, with no difference to GFP control. Leaf damage was reduced by 20% by spraying 2 µg 
dsRNA-AK, similar to commercial insecticide. Spraying method appeared an attractive alternative to deliver synthetic 
dsRNA to control T. absoluta since it reduced herbivory and increased larval mortality using a lower dsRNA amount. 
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DATA ANALYSIS WITH MACHINE LEARNING SUGGESTS MMP11  
AS A DRIVER GENE IN BREAST CANCER
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Abstract: 
Exploratory analysis of genetic data has become an important tool for identifying biomarkers given the large volume of 
data generated by current genomic methods. The incorporation of information technology in molecular studies allows 
the creation of new diagnostic tools, based on the behavior of genetic data in complex diseases. Breast cancer is the most 
frequent neoplasm in women and the second most frequent type of cancer in the world. Patient mortality is associated 
with the high prevalence of breast metastases, highlighting the need to identify pre-cancer lesions more effectively and 
accurately. The present work proposed the use of artificial intelligence tools in exploratory analyzes of genetic data to 
identify molecular targets with diagnostic potential. Machine learning methods were applied to gene expression data 
from The Cancer Genome Atlas Program - TCGA. Such information corresponds to the functional part of the human 
genome and considering the applications of a better biological understanding of the behavior of these data, we employ 
clustering methods in order to identify a common expression profile in mammary carcinomas. The measure adopted for 
the metric variables was the Euclidean distance. SVM (support vector machine), MLP Classifier (multi-layer perceptron 
classifier), decision tree and logistic regression were used as clustering and classification schemes. Initial filters returned 
CD300LG, TSLP, COL10A1 and MMP11 genes. In the validation with machine learning, the variable that most stood 
out as a good predictor was MMP11, having been shown to be relevant in the early stages of breast cancer. The literature 
points to MMP11 as a likely prognostic marker for breast cancer, since its expression seems to influence tumor differen-
tiation and LNM in breast cancer. This exploratory data analysis suggests MMP11 as a new driver gene in breast cancer. 
The identification of molecular profile by mathematical models has suggested a “molecular signature” that can help in 
the diagnosis and prognosis of complex diseases, as well as contributing to clinical guidance.
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GENOME-WIDE ASSOCIATION FOR RESISTANCE TO MELOIDOGYNE INCOGNITA  
IN COFFEA ARABICA
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Abstract: 
The nematode Meloidogyne incognita (MI) causes significant losses in Brazilian coffee production, due to both its 
aggressivity and wide geographic distribution in the country. Its chemical and biological controls are costly and not al-
ways highly efficient, with the use of resistant cultivars being the main control measure. Currently, only Coffea arabica 
cultivars IPR 100 and IPR 106 are resistant to MI. In contrast, a greater resistance source is found in C. arabica wild 
type plants from Ethiopia, center of origin of species. Thus, we performed a Genome-Wide Association Study (GWAS) 
to identify single nucleotide polymorphisms (SNPs) and genes associated with resistance to this nematode. For that, we 
used genotyping by sequencing (GBS) data of 120 C. arabica wild type accessions, two C. arabica cultivars and the 
BA-10 genotype. The same 123 genotypes were phenotyped for resistance to MI, based on Reproduction Factor (RF), 
number of nematodes per gram of roots (NGR) and Host Susceptibility Index (ISH). From the GBS data, aligned to the 
C. arabica genome, were selected 11.466 SNPs. GWAS, using single-locus and multi-locus association models, associ-
ated 14 SNPs with resistance to MI, 12 of them for RF, 11 for NGR and 10 for ISH. Seven SNPs were associated on the 
three phenotyping methods, three in two and five in one. The SNP with a high LOD score (11.70) associated with RF is 
near by the gene LRR receptor - like serine threonine kinase. Proteins encoded by genes in this class are known to rec-
ognize pathogens and trigger plant defenses responses. The results have application in approaches for the development 
of molecular markers can be used in breeding programs.
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SILENCING AIMING CITRUS CANKER RESISTANCE 
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Abstract: 
The Brazilian citrus agribusiness is one of the main sectors that positively contributes to the national economy. One 
of the main problems of the citrus culture is its susceptibility to many diseases, which greatly impact fruit production. 
Recent studies have demonstrated the presence of susceptibility genes from Citrus sinensis (sweet orange) that facilitate 
pathogen infection, making them good candidates to be silenced aiming at plant disease resistance. New Plant-Breeding 
Techniques (NBTs) are being increasingly used to develop new methods for modifying plant characteristics and among 
these approaches are the antisense oligonucleotides (ASOs). ASOs are short single-stranded synthetic polymers of DNA 
or RNA, that regulate the expression of a target gene through RNAseH enzyme activation, which cleaves the transcript, 
thus promoting gene silencing. Considering the promising effect of this technique, the goal of this study was to test the 
use of ASO to silence C. sinensis susceptibility gene CSLOB1. This gene is known to be a susceptibility gene of C. 
sinensis to Xanthomonas citri, a gram-negative bacterium that causes citrus canker disease. For the ASO design, the 
CSLOB1 sequence was subjected to Sfold and OligoWalk software and three ASOs were selected (Lob 212, Lob 304, 
Lob 487), together with a random ASO sequence to be used as a negative control. All of them were validated through 
BLAST in NCBI and checked if they were not pairing with other coding regions of the Citrus sinensis genome. Those 
ASOs were synthesized and used in experimental procedures. To assess the function of the 3 different ASOs, an exper-
imental setup was performed in order to evaluate the symptomatic area in C.sinensis. The trial consisted of detached 
leaves ASO absorption via stem for 24h, followed by GFP X.citri infiltration. After that, the leaves were analyzed in a 
stereo microscope with GFP light. ASO Lob487 was demonstrated to better reduce canker symptoms when compared to 
the other ASOs. The same setup was repeated but only with ASO Lob487, to evaluate CSLOB1 gene expression. Pheno-
typic analysis once again showed that leaves presented reduced symptomatic area when compared to the control. Gene 
expression showed reduced CSLOB1 levels on leaves treated with ASO Lob487 when compared to water control. The 
experiments suggested that the use of ASOs is a promising biotechnological tool for plant disease control.
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Abstract: 
Specific amino acid residues of histone tails can undergo reversible epigenetic modifications of acetylation, phosphor-
ylation, methylation, ubiquitylation and SUMOylation, activating or repressing gene expression, according to the re-
sulting pattern of chromatin structure. SET (Su(var)3-9, Enhancer-of-zeste, Trithorax), domain Group (SDG) encoding 
proteins function as histone lysine (K) methyltransferases, important for chromatin structure remodeling. Cowpea (Vi-
gna unguiculata) is an important legume for food sustainability in states in the North and Northeast region of Brazil, as 
well as for countries in Africa and South Asia. This work aimed to identify and characterize the structural genomics of 
SDG proteins present in the cowpea genome. For this purpose, a search was made in the reference protein of Vigna un-
guiculata from the NCBI database (https://www.ncbi.nlm.nih.gov/) via HMMER 3.3.2, using the profile PF00856 from 
the Pfam database (https://pfam.xfam.org/) and subsequent confirmation of the domains by the Batch CD-search tool 
(https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi). The structure of the SET domains of the primary proteins 
was visualized by the TBtools platform. The primary SDG proteins were classified from the phenetic analysis with 
sequences of the well-characterized grapevine and maize by ClustalW software with bootstrap of 1000 replicates, the 
phenetic tree was visualized in the MEGAX tool. The theoretical isoelectric point (pI) prediction and molecular weight 
(MW) were performed using the ProtParam tool (https://web.expasy.org/protparam/) as well as the prediction of the 
subcellular location were made by the Cello tool (http://cello.life.nctu.edu.tw/). The genes encoding SDG were mapped 
onto the chromosomes by the TBTools software. Here, 74 SDG proteins from 42 genes were identified. The pI of the 
candidate SDG proteins ranged from 4.63 to 9.22 (mean of 6.85 and median of 6.35) and the MW from 34.59 to 273.32 
kDa (mean of 80.09 and median of 72.84 kDa). Of the 74 proteins, 66 had the nucleus as the predicted location. All 42 
primary proteins presented the SET domain and other accessory domains such as FYRN, FYRC, zf-HC5HC2H, PreSET 
and PHD, typical of SDGs reported in the literature. The phenetic analysis of the 42 primary proteins of the SDG genes 
allowed us to observe all seven classes (I to VII) described in the literature for SDG. The 42 SDG genes were unevenly 
mapped on all 11 cowpea chromosomes, with chromosomes seven and nine having more proteins (seven in both) and 
chromosome 11 only one. All analyzes together confirm these candidate proteins as belonging to the SDG family, and 
this information provides a basis for identifying molecular targets that participate in the epigenetic regulation of genes, 
participating in transcriptional reconfiguration under conditions of biotic and abiotic stresses in the culture of cowpea.
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Abstract: 
A strategy to reduce the dispersion of genetically modified (GM) pollen between closely related species is the use of gen-
otypes with high pollination capacity (super-pollinator) as a genetic barrier. In citrus, the characteristic of polyembryony 
present in some genotypes can also influence the extent of fertilization since it allows the formation of nucellar embryos 
in addition to the zygotic embryo of sexual origin. The nucellar have the same genetic constitution as the mother plant 
and compete with zygotic for endosperm nutrients in the polyembryonic seed. We evaluated the fertilization capacity 
of two GM sweet orange genotypes (GM I and GM II) in pollen competition with a super-pollinator genotype (Citran-
darin H3) by hand-pollination. The recipient plants were self-incompatible monoembryonic (Clemenules) and polyem-
bryonic (Pera sweet orange) receptor trees. The floral buds were collected at the maximum stage of development and 
antecedent to anthesis. Anthers were removed and incubated for drying (37°C, 12 hours). Ten anthers of each genotype 
were placed in 1 mL of water, agitated (vortex), and the pollen grains were counted. We performed pollen mixtures to 
constitute treatments A (GM I x Citrandarin) and B (GM II x Citrandarin) in a 1:1 ratio (Citrandarin: GM Genotypes). 
A hundred flowers were emasculated and pollinated with pollen for each treatment in a Planned Release Area in both 
recipient plants Clemenules and Pera. The seeds were extracted from the fruits after maturation. In a greenhouse, we 
sowed the seeds from Clemenules progenies and 50% of those from Pera. The other half was grown in culture medium. 
Between 90 and 120 days after sowing, we carried out phenotypic evaluations, collection of plant tissue samples, DNA 
extraction, and PCR to detect the neomycin phosphotransferase (nptII) gene present in GM plants. The frequency of 
GM pollen fertilization was calculated based on the percentage of samples positive for the nptII gene out of the total 
number analyzed. The Clemenules progenies showed a high number of seeds per fruit (29 on average) compared to the 
Pera progenies (7 on average). The GM pollen detection markedly decreased in Pera progenies for both treatments. For 
treatment A, the frequency of GM pollen fertilization was 8.36% in Clemenules progenies and 1.61% in Pera progenies. 
For treatment B, values of 15.78% and 0.77% were observed in Clemenules and Pera progenies, respectively. The pro-
portion of fruits with at least one GM seed also showed a reduction when comparing Clemenules progenies (44.1 and 
41.9%) with Pera progenies (10.53 and 7.14%) for treatments A and B. Thus, the frequency of GM pollen fertilization 
and the number of fruits with at least one GM seed were lower in polyembryonic recipient plants. The high pollination 
potential of Citrandarin added to the polyembryony of the Pera receptor plants showed to be a set of genetic barriers to 
decrease pollen-mediated transgenic flow in citrus species.
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Abstract: 
The Brazilian production of the sweet passion fruit (Passiflora alata) has increased in recent years. The crop is appre-
ciated for its typical aroma and flavor characteristics in addition to its traditional use in the pharmaceutical industry. 
However, crop production in tropical areas is constrained by diseases, which effects are exacerbated by high temperature 
and humidity. Among them, the gram-negative bacterium Xanthomonas axonopodis pv. passiflorae (Xap) can cause 
severe losses in commercial orchards. Plants have different defense mechanisms to preventing pathogen proliferation, 
and a better understanding of this interaction is crucial for the development of disease-resistant cultivars. With this 
purpose in mind, we evaluated the transcriptome profiling of P. alata in response to Xap inoculation using the RNA-seq 
technology. Total RNA from mock and Xap-inoculated leaves was extracted 5 days after inoculation and sequenced 
using the Illumina NextSeq platform. De novo transcriptome assembly, functional annotation and expression profiling 
were carried out, which revealed 638 up-regulated and 604 down-regulated isoforms (p-value < 0.05 and a fold change 
≥ 1.5). Pattern recognition receptors (PRRs) and resistance genes were detected which, after perceiving the pathogen, 
activated the plant’s immune system. The first response was the rapid increase in calcium influx and the production of 
reactive oxygen species (ROS). Next, calcium-dependent kinases triggered a signaling cascade leading to the activation 
of pathogenesis-related genes such as glucanases and chitinases, and the production of volatile compounds, (terpenes 
germacrene D and nerolidol) that act as signals for hormone production. Two significant upregulated genes were detect-
ed in infected plants: the first is a sugar transporter, SWEET10, and the other is a member of the Lateral Organ Bound-
aries (LOB) domain transcription factor gene family. The activation of these genes suggests that they may be involved 
in plant susceptibility. For instance, LBD20 is known to act as a repressor of a subset of jasmonate mediated defenses 
and in susceptibility to pathogens. Potentially, the silencing of these genes may result in tolerance or even resistance of 
sweet passion fruit to Xap. Importantly, we were able to validating RNA-seq results with RT-qPCR. Our study is the first 
report of the expression profiling of a cultivated species of Passiflora to Xap infection, providing a better understanding 
of this pathosystem.
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Abstract: 
The common bean (Phaseolus vulgaris L.) is an annual herbaceous crop of economic and social importance, and its 
grains provide one of the main sources of plant proteins. Phytosanitary problems may cause severe impacts on common 
bean cultivation. Of the most common and harmful pathogens to the crop are those of Meloidogyne genus, known as 
‘root-knot nematodes’ (RKN), predominantly M. incognita, which is widespread in Brazilian agricultural areas. It is 
a consensus that the genetic and molecular basis of plant resistance/susceptibility to RKNs is complex, and its under-
standing requires the use of diverse approaches. For istance, the transcriptome profiling is an excellent strategy for the 
identification of genes involved in the common bean response to M. incognita. We report the transcriptional profile of 
commom bean genotypes with contrasting response (IAC-Tybatã, resistant vs. Branquinho, susceptible) to M. incognita 
inoculation. We were able to identify differentially expressed genes at two different time points during the interaction 
(4 and 10 days after the inoculation, DAI). In total, there were 8 treatments, with 3 replicates, generating 24 RNA li-
braries that were constructed and sequenced. We have obtained 587 million reads. On average, taking into account both 
genotypes, the sequence alignment to the host reference genome produced 537 million reads (~92%). A total of 4,862 
and 4,835 differentially expressed genes were found in IAC-Tybatã and Branquinho, respectively. The functional anno-
tation of 6,938 genes (89%) was performed using the Blast2GO platform, with the largest number of genes assigned to 
the functional categories “catalytic activity and binding”, “metabolic and cellular processes” and “membrane”. Using 
KEGG database resource, the functional categories “biosynthesis of secondary metabolites” and “cellular processes” 
and “signaling” were the most enriched in IAC-Tybatã (R) in comparison to Branquinho (S), in which “carbohydrate 
metabolism” was the most enriched category. Genes showing changes in expression levels under M. incognita infection 
were identified in both genotypes. For instance, genes coding for disease resistance proteins with LRR domains, protein 
kinases, cytochromes, myb and WRKY transcription factors and receptors-like kinases were overexpressed in the re-
sistant genotype. On the other hand, genes involved in hormonal pathways, namely auxin pathway, were overexpressed 
in the susceptible genotype, and genes coding for transcription factors (WRKY, myb and MYC2), proteins with ANK 
domains, proteins with tetratricopeptide repeats and beta glucosidases were repressed. Finally, a tentative model was 
proposed to explain the responses of common bean to M. incognita infection.
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Abstract: 
Several phytopathogenic bacteria use the quorum sensing (QS) communication system to regulate the expression of 
virulence genes according to their population density. QS is mediated by fatty acid (FA) molecules, the diffusible sig-
naling factor (DSF) being an example of such molecules. The DSF has its synthesis dependent of RpfF synthase, and it 
is perceived by RpfC, initiating a signal transduction cascade involving RpfG that ultimately results in alterations of the 
intracellular signal molecule cyclic-di-GMP. The rpfF gene has been used in plant transformation (citrus and grapevine) 
to reduce the virulence of phytopathogenic bacteria, since DSF produced by transgenic plants interferes on bacterial col-
onization and pathogenicity, by a mechanism called “pathogen confusion”. In plants, the synthesis of FA occurs in chlo-
roplasts, but it is unknown where RpfF is located in genetically modified (GM) plants. Thus, the goal of this work was 
to developed a specific antibody against RpfF, to prove its translation as well as to determine its cellular localization in 
GM plants. The antibodies were developed from peptides unique to the RpfF protein. Amino acid sequences of the RpfF 
available in the database were analyzed through BlastP looking for similarity with sequences from other citrus proteins 
that could cross react with the antibodies. The MegaAlign software was used to align 6 sequences from sweet orange 
proteins with RpfF allowing the identification of regions specific for the bacterial protein. In addition, RpfF was used 
for antigenicity and hydrophilicity evaluation in Protean software. Based on these analyses, two amino acid sequences 
of 13 residues each were selected and synthesized, being used for the production of polyclonal antibodies (anti-DLI and 
anti-RLI). RpfF was extracted from citrus plants to verify the specificity of the antibodies. The Western Blot specifically 
detected a protein of the expected size of 35KDa. After verifying the specificity of the antibodies, immunohistochemical 
assays under transmission electron microscopy of the leaves of wild Carrizo (WT) and the GM event (Ca_rpfF-2) was 
performed to demonstrate the cellular localization of the protein. RpfF was found only in samples from GM plants, 
being preferentially located in the chloroplast and cytoplasm and vacuoles of parenchyma cells and in secondary cell 
wall and lumen of xylem vessels. The presence of an enzyme from bacteria being expressed in all these parts of plant 
cells, demonstrate its functional activity, and suggests that fatty acids of bacterial origin can be produced by plants and 
be translocated, resulting in greater resistance observed against Xanthomonas citri and Xylella fastidiosa. 
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Abstract: 
Commercial varieties of citrus rootstocks have extremely similar morphology, especially in the early stages of develop-
ment, which can cause possible seed contamination in seedling nurseries. Molecular markers proved to be quite efficient 
in the characterization of citrus varieties and hybrids. The objective of this work was to identify molecular markers 
of the microsatellite type for the early characterization and genetic certification of citrus rootstock cultivars. Thus, 24 
accessions of rootstocks ( Volkamerian lemons Catania I, Palermo, Catania II; P. trifoliata Barnes, Davis A, Rubidoux, 
Limeira and Argentina; Citranges Carrizo and Troyer; Citrumelos Swingle, F80-5 and F80-8; Tangerines Sunki, Sunki 
Tropical, Sunki Maravilha, Sunki Tietê and Cleopatra, Rough lemons from Florida and from Africa; Citrus pennivesic-
ulata; Rangpur lime EEL, Santa Barbara and Limeira) were studied. Total DNA from the individuals was extracted and 
56 microsatellite markers pairs of primers obtained from ESTs - CitEST and genomic sequences previously identified 
as polymorphic for other citrus species and varieties were evaluated. Data were analyzed regarding the level of hetero-
zygosity and diversity of rootstocks. It was possible to select a total of 49 polymorphic loci. Among the microsatellites 
considered polymorphic, the highest number of markers was identified for the Sunki and Citrumelo groups (70.2%), 
followed by the Trifoliata group (61.7%), the Rangpur lime (4.2%) and Rough lemon (2.1%) had the lowest number 
of markers. From the analysis of similarity between the individuals, it was possible to obtain a grouping of accessions, 
relating them, and resulting in two large groups. The first group comprises the accessions of Volkamerian, Rangpur 
lime and Rough lemons, C. pennivesiculata, Sunki and Cleopatra tangerines, the latter being the most distantly related 
to the others. The Volkamerian accessions (Catania I, Palermo and Catania II) were 100% similar. The accessions of 
Rangpur limes (Limeira, EEL and Santa Bárbara) and Rough lemons (from Florida and Africa) were also very similar 
genetically. Within the Sunki cluster, the most similar accessions were Sunki and Sunki Tropical (0.84), while Tiete and 
Maravilha were the most distant within this group. The second group of the dendrogram was represented by the acces-
sions of Trifoliatas, Citranges, and Citrumelos, with the accession F80-8 showing the lowest similarity index within this 
group. Davis A and Rubidoux trifoliate accessions were 100% similar, and the greatest differences were observed for 
the Barnes trifoliate accession. 
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Abstract: 
Ponkan mandarin (Citrus reticulata) and Murcott tangor (C. sinensis x C. reticulata) varieties are the main mandarins 
produced in Brazil. Other varieties have great productive potential, such as IAC 2019Maria, a hybrid resulting from 
genetic breeding, whose planting of the first commercial orchards is recent. Among the greatest challenges in citrus 
production currently stands out HLB (huanglongbing; ex-greening), a disease caused by the bacterium Candidatus L. 
asiaticus, which is transmitted by Diaphorina citri, that is difficult to control, and finds a wide susceptibility in commer-
cial citrus orchards. The symptoms deform the fruits and significantly affect their internal quality. It has been reported 
that rootstocks can influence several traits in scion varieties as: the severity of HLB symptoms, and smaller size in can-
opy varieties, allowing higher planting densities, which would compensate for the eradication of symptomatic plants, 
among other factors, contributing to a greater longevity of the orchards. Thus, in this study, the agronomic performance, 
incidence, and severity of HLB were evaluated in three mandarins (Ponkan, Murcott, and IAC 2019Maria) grafted onto 
15 different rootstocks, including the main commercial varieties (Rangpur lime, Swingle citrumelo, Poncirus trifoliata 
Rubidoux, and Cleopatra mandarin) and new varieties (Indío, San Diego, Riverside, IAC 1710, IAC 3004, IAC 3110, 
IAC 3137, IAC 3192, IAC 3279, IAC 3283, and IAC 3299 citrandarins). The experiment was installed in the field in 
2019, with a spacing of 6.0 m (inter-row) x 3.0 m (between plants). The experimental design was randomized blocks, 
in a split-plot scheme: plot (mandarins varieties) and subplot (rootstock varieties), with four replications, totaling 20 
plants of each canopy x rootstock combination. All plants were evaluated for their development (height, diameter, and 
volume), physicochemical characteristics of the fruit through samples of 10 fruits collected from three plants of each 
treatment and the HLB incidence and severity. For this, the plants were subdivided into four quadrants and visually 
inspected, and determined with the percentage of the canopy that had symptoms of the disease. Preliminary evaluations 
show that there are significant differences in fruit quality (total soluble solids, acidity, and ºBrix) for all varieties when 
grafted onto different rootstocks. Differences were also observed in the development of the mandarin variety, in general, 
Rangpur Lime, Swingle and Cleopatra induce larger sizes when compared to the citrandarins. At the third year of the 
orchard, the HLB incidence ranged from 10 to 90% and the severity from 2 to 35%. Plants of all varieties, when grafted 
onto Rangpur lime, presented higher HLB incidence and severity when compared to the other evaluated rootstocks. The 
results are preliminary, and the continuity of the evaluations may bring important information about the best combina-
tions of scion x rootstock against HLB.
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Abstract: 
Bacteria of the genus ‘Candidatus Liberibacter’ that are transmitted by the Asian citrus psyllid (ACP) Diaphorina citri 
are associated with Huanglongbing (HLB), the most devasting disease of citriculture worldwide. In Brazil there are two 
close-related species associated with the disease: ‘Candidatus Liberibacter asiaticus’ (CLas) and ‘Ca. L. americanus’ 
(CLam). The genomic characterization of CLas allowed the discovery of type 1 (SC1) and 2 (SC2) prophages. In SC1 
prophage the SC1_gp060 gene encodes a putative colicin-like bacteriocin while in SC2 prophage, SC2_gp255 encodes a 
putative colicin immunity protein. In bacteria the colicin immunity protein prevents the toxic action of the bacteriocin in 
the producer cell acting as a defence mechanism. CLam has a similar putative colicin-like bacteriocin in SP1 prophage. 
However, the immunity protein was not found. Besides, in CLas chromosomal region the gene ED07_RS0204515 
encoding to a prophage-related lysozyme was found. The remarkable inversion of CLas and CLam populations in 
Brazilian citrus belt from the beginning of the epidemics, to the current predominance of CLas, and the presence of 
these prophage regions, which could give advantage to CLas against CLam, bring about the hypothesis that may be a 
competition between these two species. We believe that the expression of a colicin immunity protein in CLas may act 
as a defence mechanism, protecting the bacterial cell against the colicin (a bacteriocin) produced by itself. However, 
overexpression of colicin in genetically modified (GM) plants could be toxic to CLas, once bacteria won’t be able to 
produce enough immunity protein. In this sense, the present work assessed the colicins like-bacteriocins SC1_gp060 
(strain CLas 2PA and Poona) and the prophage-related lysozyme ED07_RS02054515 (strain CLas 4PA) against Esch-
erichia coli in vitro. The genes were cloned and expressed in the pET28a/Escherichia coli BL21 (DE3) pLysS system. 
Also, GM ‘Pera’ sweet orange (Citrus sinensis [L.] Osbeck) plants overexpressing the putative colicin like-bacteriocin 
SC1_gp060 under the control of AtSUC2 promoter were obtained by Agrobacterium tumefaciens mediated transfor-
mation. These events were challenged against CLas. Biological samples were collected at 60, 120, 180 and 360 days 
after inoculation and CLas titters and incidence were measured over time. Our findings have shown that the expression 
of the recombinant colicin-like bacteriocin, SC1_gp060 from strain CLas Poona, and the prophage-related lysozyme, 
ED07_RS0204515 from strain Las 4PA, respectively resulted in 70% and 73% stagnation in E. coli growth in liquid as 
well as in solid culture media. The GM plants challenged against CLas showed the transgene overexpressing up to 7 
times in the presence of CLas over healthy GM plants. Nonetheless, the level of bacterial titter was similar between GM 
events and controls, showing that mechanisms involved in the putative colicin-like bacteriocin mode of action in this 
pathosystem are not active against CLas. The infection of such events with CLam remains under investigation. 

Palavras-chave: Bacterial competition; Colicin; Lysozyme; ; 

Support / Acknowledgment 
The authors thank CAPES, Unesp and Fundecitrus for the finnancial support

300

GENÉTICA 
VEGETAL



OVEREXPRESSION OF TOMATO SFT GENE IN CITRUS ROOTSTOCK  
INDUCES FLOWERING IN NON-TRANSGENIC SCION
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Abstract: 
Perennial woody plants, such as Citrus, present a prolonged juvenile stage, where there is no production of flowers 
and fruits. The flowering process involves a complex regulatory network that is shared between different species. The 
tomato SINGLE FLOWER TRUSS (SFT) gene, homologous to the FLOWERING LOCUS T (FT) from Arabidopsis, 
encodes a universal mobile signal (florigen) that moves from a flowering donor (rootstock) to a non-flowering recipient 
(scion) via grafting. The overexpression of the tomato SFT gene in Carrizo citrange rootstock induced early flowering 
(45 days) after genetic transformation. Transgenic plants were obtained by Agrobacterium tumefaciens transformation, 
using the vector pART27, with the SFT gene under the control of the constitutive CAMV35S promoter. The transgene 
overexpression was confirmed by RT-qPCR with expression levels between 15 and 1,300 times, and by continuous flow-
ering after acclimatization under greenhouse conditions. The objective of this work was to evaluate flowering induction 
in sweet orange grafted onto transgenic rootstocks of Carrizo citrange overexpressing the SFT gene. Three Carrizo 
transgenic plants were selected based on the level of transgene expression (low, medium, and high) and multiplied by 
stem cuttings. After, these plants were grafted with juvenile sweet orange buds. In addition, seeds from these transgenic 
rootstocks were germinated in vitro and micrografted with juvenile and adult sweet orange buds. In vitro plants were 
evaluated for six months and flowering was not observed. RT-qPCR evaluation in grafted sweet oranges had similar 
levels of gene expression to the non-transformed control, despite the overexpression of the transgene in the rootstocks. 
Flowering was observed in two plants under greenhouse conditions, after 18 months of grafting, but not in the control 
plant. Fruits also were formed in these plants, suggesting that it was a translocation of the florigen from rootstock to 
scion. Transgenic rootstocks expressing the mobile SFT flowering inducer are promising tools to reduce juvenility in 
different citrus scions.
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SCMUTMS - THE RETENTION STORY OF DUPLICATED GENES IN SUGARCANE
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Abstract: 
Plants are exposed to various environmental stresses that may lead to redox imbalance and produce reactive oxygen 
species which might promote DNA damage. The 7-hydrodeoxyguanosine (8-oxodG), one of the most abundant products 
of oxidative DNA damage, may be repaired by Base Excision Repair. This lesion is recognised by the mutM/Fpg DNA 
glycosylase protein. A previous study identified two sugarcane sequences: ScMUTM1 and ScMUTM2. Considering that 
the DNA repair process is not well known in plants, especially in polyploid crops like sugarcane, it is important to under-
stand their potential function. Herein, the phylogenetic relationship, gene structure, and promoter motifs were analysed, 
and three-dimensional protein models were constructed. For the phylogenetic relationship, it was used protein sequenc-
es that were revised from dicots (Brassicacea, Solanaceae, Vitaceae, Malvaceae) and monocots (Poaceae). In monocots, 
we have available sequences only for Poacea.The phylogenetic approach revealed that monocots (at least Poaceae) had 
a duplicated MUTM sequences, on the other hand for dicots it was not observed this gene duplication. It was verified 
the presence of different isoforms that raised the hypothesis from alternative splicing. Furthermore, it was analyzed the 
promoter motifs presence. It was observed for monotos that both sequences have motifs related to plant development 
and abiotic and biotic stresses. However, ScMUTM1 motifs were more closely related to photosynthesis, whereas Sc-
MUTM2 motifs were related to reproduction, and for dicots the promoter motifs were associated to plant development. 
Moreover, in monocots ScMUTM2 exhibited more TFs associated with resistance, stress response, and innate immunity 
than ScMUTM1 did. In addition, it was observed that when the gene sequence were evaluated in monocots, it was ob-
served a difference in gene structure. Furthermore, the 3D modelling showed that both ScMUTM1 and ScMUTM2 had 
similar protein structures and were able to interact with similar substrates. The results raise the hypothesis of a recent 
duplication in sugarcane that it would be important for genome integrity and consequently for plant tolerance and yield.
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MAPPING OF TOMATO SATELLITE REPEAT TGRI IN DIFFERENT CELL TYPES
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Abstract: 
The tomato presents a peculiar genome organization with large heterochromatin domains, representing ~77% of its total, 
distributed along 24 chromosomes. The heterochromatic regions harbor repetitive DNA sequence families, including 
the Tomato Genomic Repeats (TGRs). TGRI repeat is a satellite DNA with 162 bp motif, occurring at ~77000 copies 
per genome at the subtelomeric regions and as interstitial knobs in chromosomes 6, 8, and 9. The TGRI localization has 
already been established based on the pachytene and diakinesis chromosomes, and chromatin fibers analysis. However, 
a refined and comparative TGRI (re)mapping in different cell types might help elucidate its role in the tomato genome. 
The aim of the present work was to map the TGRI repeat in different meiosis stages and during the anther tapetum de-
velopment using Fluorescence in situ Hybridization (FISH). Tomato anthers were obtained from Solanum lycopersicum 
cv. Micro-Tom flower buds of 3 - 4 mm length and immediately fixed in Carnoy solution. TGRI oligonucleotide probes 
labeled with TAMRA fluorophore were synthesized from the initial, middle and final motif regions. FISH procedures 
were carried out as described by Mondin; Santos-Serejo; Aguiar- Perecin (2007). Based on the analysis of the slides, it 
was possible to confirm the distal position of TGRI at 20 subtelomeric regions, the interstitial position on chromosomes 
6, 8, and 9, and its absence on chromosome 2, which contains the NOR (Nucleolus Organizer Region). The TGRI map-
ping allowed the differentiation of euchromatin and heterochromatin distribution patterns in pachytene chromosomes. 
Observation of diakinesis chromosomes made possible a more punctual and precise visualization of TGRI sites. While 
analyzing interphase nuclei, a possible relationship between TGRI repeat and 45S rDNA was hypothesized, since the 
nucleolus site presented signals for TGRI probes in this cell type. In the anther tapetum cells, TGRI signals revealed 
events of endocycles and/or endomitosis. Altogether, the remapping of the TGRI satellite allowed the identification of 
remarkable characteristics of different tomato cell types, which can contribute to understanding the dynamic and possi-
ble role of this repeat in the tomato genome for future investigations on this field.
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CHEMICAL ELICITORS INCREASE PROTEIN ACCUMULATION  
IN YOUNG COCOA PLANTS INFECTED WITH  

MONILIOPHTHORA PERNICIOSA, DETECTED BY WESTERN BLOT
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Abstract: 
Witch’s broom, whose causal agent is the basidiomycete fungus Moniliophthora perniciosa, is considered one of the 
main diseases of cacao in Brazil, as it causes a drastic drop in its production. Plant resistance to a given pathogen is de-
fined, from a functional genetic point of view, as the plant’s ability to delay or prevent the entry and activity of a patho-
gen into its tissues, through its own, inactive or latent defense mechanisms in the plant. The main objective of the present 
study was to understand the defense mechanisms against M. perniciosa, triggered by the chemical elicitors sucrose, 
glucose and salicylic acid, supplied via seminal, through the analysis of protein accumulation by Western Blot in Theo-
broma cacao genotypes ( ‘Catongo’ and CCN 51) contrasting for pathogen tolerance. For the preparation of the material, 
lyophilized leaf samples of both genotypes of T. cacao infected with M. perniciosa (control) and infected with M. per-
niciosa + chemical elicitors were used, collected 48 h after inoculation, the proteins were extracted and quantified. The 
beta subunit of catalase (Cat, 55 kDa), ATP synthase (ATPβ synthase, 53 kDa) and binding protein (BiP, 80 kDa) were 
detected using the following polyclonal primary antibodies in the ratio, (1:1000) anti-catalase of Arabidopsis thaliana, 
(1: 2000) A. thaliana anti-ATP synthase and (1: 2000) A. thaliana anti-BiP. The accumulation of catalase, ATP-β syn-
thase and BiP were quantified from membrane images using GelQuant.Net 1.8.0 software (www.biochemlabsolutions.
com). The results of the identification of proteins β AtpB synthase and catalase enzyme related to antioxidative metabo-
lism, by means of Western Blot, show that there was accumulation at the foliar level in treatments with chemical elicitors 
in the presence of the pathogen in both genotypes of T. cacao in comparison with their respective controls (infected 
with the pathogen in the absence of elicitors). Even so, it was observed that the increase in β AtpB synthase protein was 
greater in treatments involving the M. perniciosa intolerant genotype (‘Catongo’) than in the fungus tolerant genotype 
(CCN 51) compared to their respective controls. Regarding the analysis of BiP protein detection, it was found that the 
CCN 51 genotype showed higher expression when infected with the pathogen and in the presence of chemical elicitors, 
when compared to the ‘Catongo’ genotype submitted to the same treatments, had reduced protein accumulation. Thus, 
it is concluded that chemical elicitors (sucrose, glucose and salicylic acid) promoted an increase in the expression of the 
catalase enzyme against oxidative stress, as well as an increase in the β AtpB synthase protein responsible for several 
regulatory mechanisms and associated with the energy metabolism and expression of BiPs proteins (chaperones), which 
play the role of protein folding and maintenance of protein conformational integrity, in young Theobroma cacao plants 
infected with M. perniciosa. These responses demonstrate that plants showed defense mechanisms in the presence of 
chemical elicitors in both genotypes studied.
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EVALUATION OF ANTIOXIDANT METABOLISM IN YOUNG COCOA PLANTS  
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Abstract: 
Cadmium (Cd) is a metallic element that is highly toxic to plant, animal and human species. Due to its high toxicity and 
because it is a carcinogenic element, recognized by the World Health Organization. In 2019, the European Union created 
strict legislation regulating the Cd content in foods, including cocoa derivatives. Because, recently, high levels of Cd 
were found in cocoa beans coming mainly from producing countries in Latin America compared to African countries. 
Therefore, the restrictions imposed by the European Common Market, in relation to the Cd content in cocoa beans, can 
compromise the exports of beans from cocoa-producing countries in Latin America and jeopardize the livelihoods of 
producers. Thus, it is necessary to use strategies that can reduce the toxicity of Cd in the soil. Iron (Fe) is an essential 
nutrient for plant growth and development. Some studies demonstrate the effectiveness of Fe in plants, preventing stress 
by other heavy metals, including Cd, since there is competition for the same carrier of divalent ions. The main objective 
of the present study was to evaluate, through analysis of enzymes of the antioxidant metabolism, the action of Fe in the 
reduction of Cd toxicity in young plants of the cacao genotype CCN 51, submitted to water deficit (WD). The plants 
were submitted to water stress and different doses of Cd, Fe and Cd+Fe were added to the soil, together with the control 
treatment (without Cd and Fe additions to the soil). When analyzing the activity of the enzyme superoxide dismutase 
(SOD), guaiacol peroxidase (GPX), ascorbate peroxidase (APX) and catalase (CAT), there was an increase in the treat-
ments with metals and soil water deficit, with the treatment with iron + WD which showed a significant increase in the 
activity of the enzyme in relation to the treatment with only iron. In the control without the presence of metals, there was 
an increase in the activity of enzymes in plants submitted to WD. The analysis of enzyme activity in plants subjected to 
doses of Cadmium, there were increments of enzymes (APX, GPX and CAT) in the treatment under WD and decrease 
in SOD activity. The leaf samples from the treatment (50% cadmium and 50% iron) showed increased expression of 
enzymes (APX and GPX) in plants submitted to WD. On the other hand, SOD activity was reduced in this treatment. 
These responses show that plants showed defense mechanisms against oxidative stress caused by metals (Fe and Cd) 
and water stress, showing increases in the activities of enzymes related to antioxidant metabolism.
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Abstract: 
Guava (Psidium guajava L.) is an ecologically important tropical fruit tree because it serves as food and refuge for 
different organisms and economically because it is widely traded. The original distribution of P. guajava extends from 
South America to Mexico, and there are also records in the Antilles and Florida, in the United States of America. In 
Brazil, the plant occurs in the Amazon, Caatinga, Cerrado and Atlantic Forest biomes. Despite its great importance, in 
the literature there are few genetic studies with natural populations of guava trees in Brazil. In this sense, the objective 
of this study was to evaluate the diversity and genetic structure of natural populations of P. guajava sampled in the states 
of Maranhão, Ceará, Rio Grande do Norte, Goiás and Paraná. The chloroplast DNA regions (psbA-trnH intergenic and 
rbcL) were amplified by PCR (Polymerase Chain Reaction), sequenced and used to calculate the genetic indices. The 
populations of P. guajava showed low genetic variability, but with high diversity. The analysis from the cpDNA showed 
that the populations closer to the equator have greater variability and accumulate the largest number of haplotypes, indi-
cating that they are more ancestral than those of Goiás and Paraná. The population of Maranhão, which is closer to the 
equator, had the highest number of haplotypes, reinforcing that this population may be more ancestral. It has been shown 
that populations have been stable over the last 300,000 years, a period that encompasses the final third part of the Pleis-
tocene, including the Riss and Würm ice ages. The haplotype network showed that the populations of Maranhão and 
Ceará have a greater number of exclusive haplotypes. Furthermore, the number of haplotypes in populations decreases 
as they move away from the equator, a feature that corroborates the theory of the center of origin and/or diversity of 
the species in this region. The number of genetic groups observed and the distribution of populations in these showed 
genetic similarity between the populations. The data obtained in our study help to clarify the evolutionary history of P. 
guajava, strengthening the hypothesis of a center of origin and/or diversity in the vicinity of the equator.
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Abstract: 
Combining ability studies provides estimates of parameters that are useful for selecting parents for hybridization and 
understanding the action of genes involved in trait determination. Diallel crossings allow estimating the general com-
bining ability (GCA) and specific combining ability (SCA). GCA can be understood as the average behavior of a parent 
line through a series of hybrid combinations, and this behavior is the result of the additive gene effect of the alleles, 
while the SCA is a measure of the deviation of the behavior of hybrids from what would be expected based on the GCA 
of the parents, and is attributed to non-additive gene effects. Most diallel crossings in soybean are performed based on 
agronomic traits (plant height, cycle, grain yield, among others). Research seeking to understand these traits’ inheritance 
and industrial variables (such as protein and oil contents) is scarce. The hypothesis of this research is that there is genetic 
variability among genitors and soybean F2 populations for agronomic and industrial traits. In this scenario, the objec-
tives of the study were: i) to select parents and F2 populations for agronomic and industrial traits in soybean, and ii) to 
understand the gene effects involved in the control of these traits. Field experiments were carried out in the 2019/2020 
crop season in two environments (A): Aquidauana and Chapadão do Sul, MS, Brazil. A randomized block design was 
used with two repetitions, eight parents, and 28 F2 populations (hybrids resulting from crosses between the parents). The 
agronomic traits evaluated were: days to maturity (DM) and grain yield (GY, kg ha-1). The industrial traits evaluated 
were: oil (OC), protein (PC), fiber (FC), and ash (AC) contents of the seeds, determined by near-infrared spectroscopy 
(NIRS) with high optical precision. Data were submitted to the joint analysis of variance, and subsequently, the unfold-
ing of the effect of genotypes (G) and the G x A interaction in each site was performed according to the partial diallel 
structure, adopting Griffing’s model 4 for estimating the effects of GCA of the parents and SCA of the populations. Mean 
square values of GCA (MS-GCA) and SCA (MS-SCA) obtained by diallel analysis provided information about the 
gene effects controlling the evaluated traits. MS-GCA higher than MS-SCA for OC, PC and AC reveal predominantly 
additive effects in the control of these traits, while MS-SCA higher than MS-GCA were observed for DM, GY and FC, 
revealing the predominance of non-additive effects controlling these traits. Diallel analysis also identified promising 
parents and F2 populations for improving agronomic and industrial traits. The populations P11 (Spear x TMG7061) and 
P26 (TMG7061 x TMG7062) showed the highest potential for earliness and grain yield. The genitor G5 (NS 6909) and 
the population P24 (NS6909 x TMG7062) stood out for higher efficiency for industrial traits.
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Abstract: 
The Atlantic Forest is one of the most biodiverse biomes in the world, due in part to its wide latitude. This variation al-
lows different niches shaped by different climatic conditions. In the southern region of MA the Araucaria Forest occurs 
in association with areas of grassland. Phylogeographic studies with species from the central and northern regions of 
the Atlantic Forest demonstrate that the climatic oscillations of the Pleistocene glacial periods influenced the pattern 
of distribution and structuring of the species. In southern Atlantic Forest during the last ice ages, climatic conditions 
seem to have favored the expansion of grassland areas, in contrast, Araucaria forests were restricted to refuges in river 
valleys. Studies have shown that rivers and their valleys have acted as geographic barriers in the structuring of species. 
In the literature, there are few studies related to the evolutionary history of species adapted to colder climate conditions 
that occur in the southern regions of Atlantic Forest, as well as the role of these possible barriers in the expansion of 
these populations. Achyrocline flaccid (Weinm.) DC. popularly known as macela, is a species widely distributed in the 
grassland of southern Atlantic Forest and adapted to the cold climate, therefore, the evaluation of the genetic structure of 
its populations can provide important data on the influence of Pleistocene climatic oscillations on the structure of these 
populations, as well as, contribute to the understanding of the evolutionary history of the vegetation of the Atlantic For-
est. In this study, eight populations of A. flaccida sampled in the southern region of Atlantic Forest were evaluated, four 
of them collected in the north of the Uruguay River valley and four in the south of the valley. The intergenic chloroplast 
regions trnL-trnF and psbA-trnH were sequenced. The concatenated sequences for the two chloroplast regions gener-
ated a 1264 bp fragment and the analysis of all sequences obtained identified 61 haplotypes. The populations showed 
high nucleotide and haplotypic diversity. Neutrality and Bayesian Skyline Plot tests showed that there was a slight 
population expansion, in a period of colder climate, during the Penultimate Glacial Maximum (210-140 thousand years 
ago), followed by stability in population size until the Holocene. The statistical significance of the SSD and HRAG indices 
did not validate the multimodal pattern presented by the mismatch distribution, corroborating the population expansion 
observed around 200,000 years ago. A high phylogeographic structure was observed for A. flaccida and a high number 
of unique haplotypes in populations north and south of the Uruguay river valley. The data obtained corroborate that the 
Uruguay river valley may have acted as a geographic barrier limiting the gene flow between A. flaccida populations in 
southern Atlantic Forest. Furthermore, the high diversity of populations and population stability during the Pleistocene 
evidence, as observed for other species, the existence of large areas of occurrence of cold climate species in southern 
Brazil during the last glacial periods.
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Abstract: 
The non-coding repetitive fraction, represented also by satellite sequences tend to accumulate in blocks along the chro-
mosomes. Chili peppers, which belong to the Solanaceae family, have great commercial value, being commercialized in 
natura, as spices, and are also used for ornamental and medicinal purposes. Even though three species have their genome 
sequencing published, some points can still be explored regarding the satellite DNA sequences landscape. Therefore, 
the objectives of this work were to retrieve satellites sequences from the genomic datasets public available, select those 
ones that could be informative for FISH assays, understand the organization and distribution of two satellite DNA 
sequences in Capsicum genomes and to physically locate them in five species. To do this, bioinformatics tools were 
used to identify this fraction in high coverage sequencing and molecular cytogenetic methods for physical localization. 
The data obtained showed that the satellites found in the genomes of the three sequenced species are present in species 
of other clades. The two satellite sequences described in this work contrast significantly one from the other regarding 
their location on the chromosomes of the five species analyzed. The CTR-1 was found to be accumulated in almost all 
chromosomes in at least one chromosome end while the CTR-2 was found to be accumulated only in one pair. The two 
satellites are found to be colocalized and CTR-1 has some sites that is colocalized with 35S rDNA, however, not being 
part of the rDNA cistron. This information contrasts with previous reports for the composition of terminal chromosome 
regions for the genus. The sat CTR-2 was found to be inserted in sequences of transposable elements from Tat/Ogre lin-
eage, indicating a probable origin of this satellite sequence linked to retrotransposons. Besides the difference observed 
in the location of the satellites, the sequences differ from each other in relation to the possible origin of them and bring 
new information about the composition of the terminal region of the chromosomes of Capsicum species.
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Abstract: 
The region of the Amazonian basin, mostly covered by the Amazon rainforest, is rich in biodiversity. Across this region, 
the genus Theobroma L. (Malvaceae s.l.) is widespread, and two main species are currently recognized due to their bio-
technology, horticulture research, and economic value. The first and most known species is Theobroma cacao L., which 
is commonly used to provide the raw material for the production of chocolate and derivatives. The second species, 
Theobroma grandiflorum (Willd. ex Spreng.) Schum., have gained much attention during the last decades due to its pulp 
potential for producing juices, ice creams, yogurts, and cosmetics. Moreover, T. grandiflorum seeds can also be used to 
produce a similar chocolate product, called cupulate. Like the other species of the genus, T. grandiflroum is a diploid 
species (2n = 20), and previous flow cytometry studies revealed a genome size of approximately 450Mb. In this study, 
we sequenced the T. grandiflorum genome using PacBio Sequel IIe HiFi and IsoSeq reads and Chromosome conforma-
tion capture technology and assembled a high-quality chromosome-scale genome sequence for evolutionary, biotech-
nology, and horticulture research. The T. grandiflorum chromosome-scale assembly exhibits 415,773,121pb (93% of the 
flow cytometry predicted genome size), GC content of 34%, mean coverage of 25x, and heterozygosity rate of ~1%. The 
ten chromosomes representing the haploid genome were assembled into the telomere to telomere (T2T) scale, and two 
main telomeric repeats were characterized. The largest chromosome spans 52Mb, whereas the smallest spans 25Mb. The 
assembled genome presents a BUSCO completeness of 99.2% (C:99.2% [S:98.2%, D:1.0%], F:0.2%, M:0.6%, n:1614), 
according to the embryophyta_odb10 database, and LTR assembly index of 14.37. The gene space represents 20% of 
the genome, accounting for 30,685 high-quality genes mapped to IsoSeq reads, showing a mean length of 2,650bp, and 
a mean of 4 introns per gene. ncRNA annotation and analyses revealed 1,017 snoRNAs, 886 rRNAs, 426 tRNAs, 125 
miRNA, 57 snRNA, and 42 sRNAs. The annotated genomes present BUSCO completeness of 99.3%, supporting for a 
high-quality annotation. At least 65% of the genome is represented by repeats, where 27% are LTR/Copia and 18% are 
LTR/Gypsy retroelements. Moreover, 9% of the T. grandiflorum genome corresponds to non-autonomous LTR-LARD 
elements, and ~3% are DNA transposons. The most abundant LTR/Copia elements are from the SIRE lineage (13%), 
while the Tekay (11%) lineage is the most abundant from the LTR/Gypsy family. LTR insertion time analyses indicate 
that LTR/Copia insertion peak occurred ~1.78Mya, whereas, for LTR/Gypsy, the insertion peak occurred ~0.67Mya. 
Whole-genome duplication analyses corroborated that T. grandiflorum exhibits the γ-triplication event shared with T. 
cacao and present in all angiosperms. Comparative analyses revealed that T. grandiflorum shows a high level of mac-
rosyteny to T. cacao. The main differences are located in the centromeric and pericentromeric regions and Transposable 
Elements distribution. In summary, the high-quality chromosome-scale assembly of T. grandiflorum provides a reliable 
genome resource, constituting an important step forward in exploiting its agronomic potential for genetics breeding, and 
also for comparative and evolutionary studies, impacting both basic and applied research within the Theobroma genus.
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HIGH RESOLUTION MELTING ANALYSIS AS A TOOL TO SOLVE THE BOTTLENECK  
OF SCREENING EDITED PLANTS 
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Abstract: 
Clustered Regularly Interspaced Short Palindromic Repeats associated with Cas9 enzyme (CRISPR/Cas9) is a powerful 
technology, which has been used in different areas for genome editing. The technology encompasses a guide RNA (sgR-
NA) and the Cas9 endonuclease protein. The sgRNA is responsible for driving the endonuclease Cas9 to the target re-
gion. Cas9 binds to the DNA and breaks the double-strand DNA. Mutations can be induced by the double-strand break, 
which induces mutations and, consequently, the knockout of the gene. Many plants have been edited, including sweet 
orange. However, the identification of mutations is not easy, once the samples should be sequenced, spending time and 
money. An alternative for edited plant screening could be the High Resolution Melting Analysis (HRMA). This tech-
nique compares the melt curve of sequence in high resolution, which can identify a single nucleotide difference between 
samples. Thus, the goal of this study was to generate sweet orange edited plants and validate the HRMA as a method for 
edited plant screening. Three sgRNA were designed aiming at the expansin gene, a putative citrus canker susceptibility 
gene. The sgRNAs were introduced in pDIRECT 22C vector (pDIRECT_EXP). Agrobacterium tumefaciens was trans-
formed with pDIRECT_EXP, and positive colonies were used for sweet orange genetic transformation. Twenty-two 
transformed plants were identified by PCR. The samples were subjected to HRMA. The HRMA software compared 
the samples to wild type (WT) when it identified a new variant. This sample was sequenced, with the identification of 
93,75% of edited cells. To check the accuracy of the method, we amplified WT and ?T samples from the edited plant. 
The samples were mixed at different ratios and applied to HRMA. The software identified samples with 10% to 40% of 
editing as the same variant of WT. However, we identified curve shape shifts when increasing the editing ratio. From 
50% to 80% of editing the software identified all these samples as a new variant, although we identified curve shape 
shifts between the samples. The samples with 90 and 100% were identified as two new variants different from the other 
ones. These results demonstrated that any deformation in the melt curve compared to WT could be an edition event. To 
confirm these results, we sequenced a sample that was considered the same variant of WT, but with a little deformation 
in the melt curve. The results showed a ratio of 43.75% of edited cells. Thus, we obtained edited sweet orange plants 
and demonstrated that HRMA is a powerful technique for screening gene editions in plants.
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Abstract: 
Tomato (Solanum lycopersicum L.) is one of the most important vegetables in the world. Increasing consumer concerns 
about food safety and health have led to improving the demand for organic products. Wherefore the Italian saladete to-
mato has become one of the most used by organic farmers because they significantly accept the consumers. In this sense, 
an evaluation of commercial and genetic characteristics can help improve breeding programs for developing superior 
Italian tomato cultivars for organic production. Therefore, 23 commercial saladete tomato hybrids with indeterminate 
habit were carried out in two organic farming properties in Paraná State - Brazil, characterized by physical, nutritional, 
and genetic characteristics. To this, they were evaluated by the number of total fruits (NFT), number of commercial fruits 
(NFC), weight of total fruits (PFT), weight of commercial fruits (PFC), average weight of total fruits (PMFT), average 
weight of commercial fruits (PMFC), total phenolic content (FEN), total flavonoid content (FLA), antioxidant activity, 
vitamin C content (VITC), lycopene (LYCO) and ratio. To estimate the genetic diversity, AFLP molecular marker were 
analyzed. Through deviance analysis, it was verified that for NTF and NFC traits, the hybrids T® and G® obtained the 
highest values. For the PFT and PFC characteristics, T® and P® stood out. For FEN, G® and P® obtained the hightest 
values. FLA and DPPH, the highest values ?were from E®, G® and e®, and P®, respectively. For VITC, the highlighted 
genotypes were P® and B®, while LYCO, E®, and N®. Within the correlations, it was observed that NTF and NFC; 
PFT and PFC; PMFT and PMCF; NFC and PFC; NFC and PFT showed robust correlations. While negative correlations 
were observed for NTF and PMFC; NFC and PMFC; NTF and PMFT; NFC and PMFT; and RATIO and FLA. With 
the molecular analysis, three clusters were formed through principal components and Ward dendrogram analysis. The 
results show a separation between the most productive hybrids and the most remarkable biochemical results. Regarding 
the estimates the genotypes with high production performance, the T® presented to be 79% higher than the B®. T® also 
showed better performance for the NTF indices (83%), and for NFC (95%). Therefore the PFT index was 74% higher 
than the To® genotype. With the Biplot analysis, it was possible to highlight that genotype T® occupies a prominent 
position, emphasizing its characteristic of high weight of commercial fruit. The potential agronomic hybrids were: T®, 
P®, P®, and C®, and for biochemical characteristics: G®, P®, B®, V®, G®, M® and C®. Crossings between T® x 
B® and P® x P® can be recommended. Therefore, it was possible to identify a vast variability between agronomic, 
biochemical, and genetic characteristics. These results were useful to evaluate the aptitude of tomato genotypes as par-
ents in breeding programs, with great genetic distance, excellent performance as biochemical characters, and agronomic 
potential to develop new cultivars for the Brazilian organic market. 
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Abstract: 
Several studies have been developed to reduce the damage caused by fusariosis in Passiflora edulis, a disease caused by 
the fungus Fusarium oxysporum f. sp. passiflorae. The pathogen produces fusaric acid (FA), a mycotoxin that increases 
virulence and plays a pivotal role in manifesting the symptoms characteristic of fusariosis wilt. The biocontrol by bene-
ficial microorganisms comprises a still unexplored alternative for yellow passion fruit under fusariosis, microorganisms 
such as arbuscular mycorrhizal fungi (AMF), which have a symbiosis with several plants. In this way, this work aimed 
to validate the differential expression of defense-related genes via quantitative real-time PCR (qPCR) in P. edulis under 
FA application. Inoculation with AMF was performed using mixed soil-inoculum containing Gigaspora albida and 
Claroideoglomus etunicatum. After 30 days of inoculation with AMF, the procedure followed the application of AF at 
a concentration of 400 mg/L. Root tissues were collected 24 and 48 hours after exposure to AF. Total RNA extraction 
was performed using a commercial kit with silica columns. Samples were quantified and evaluated for RNA purity and 
concentration, then converted to complementary DNA (cDNA). Primers were designed in the software Primer3Plus 
using pre-established parameters and evaluated for their specificity in the Primer-BLAST tool. qPCR reactions were 
performed using biological and technical triplicates, three reference genes for normalization of relative expression data, 
and SYBR Green detection. Three pairs of primers for the target genes were produced, one L-type lectin kinase receptor 
(PeLecRK) and two pathogen-related proteins (PR), PeCAP_PR1 and PeDefensin (PR12). These showed efficiencies 
of 110.55 %, 109.08%, and 99.65%, respectively. The qPCR results indicated that at 48h, PeLecRK was induced 2.158 
times in roots inoculated with AMF and AF compared to non-inoculated controls. In contrast, PeDefensin was induced 
1.459 times in the treatment with AMF, which are the same constitutive or repressed in the other treatments and at 24h. 
For PeCAP_PR1, no induction was observed at any time of collection or treatment. So far, the induction of LecRKs 
expression in P. edulis inoculated with AMF and under FA application has not been reported, and the present work is the 
first to report such a mechanism. For PR proteins, the expression patterns observed are still unclear, suggesting that the 
harvesting times of plant material after induction with FA may have been early for the activation of PR proteins since 
PRs constitute the second line of plant defense. The results obtained contribute to a better understanding of the differen-
tial expression of defense genes in P. edulis and provide evidence of the participation of lectins in the process of plant 
adaptation to high concentrations of FA.
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Abstract: 
Rice is one of the most consumed cereals in the world. The growing demand for this cereal leads researchers to seek new 
technologies for rice production without increasing agricultural frontiers. The southernmost state of Brazil, Rio Grande 
do Sul, is responsible for 70% of the rice grown in Brazil. Nevertheless, productivity losses are caused by different biotic 
stresses. In Brazil, one of the most common is the phytophagous mite Schizotetranychus oryzae Rossi de Simons, 1966 
(Acari: Tetranychidae), which damages rice leaf tissue and alters the metabolism of amino acids and carbohydrates, 
inhibiting plant development and seed production. The identification of proteins that participate in plant defense is ex-
tremely important for a better understanding of the mite-plant interaction. In a previous work by our research group, a 
high expression of Osmotin1 protein was detected in mite-resistant rice cultivars, under infested conditions, suggesting 
that this protein may be involved in plant defense mechanisms. Therefore, we aimed to evaluate the mite resistance of 
rice plants overexpressing Osmotin1 gene (OsOSM1ox) encoding an Osmotin protein belonging to the pathogenesis-re-
lated protein 5 (PR5) family, which would allow us to infer whether Osmotin1 has an important role in plant defense. 
The rice cultivar Xudao3 was used to generate independent transgenic lines overexpressing Osmotin1 gene. Full-length 
OsOSM1 cDNA was inserted into the vector pCAMBIA1301-Ubi for generating OsOSM1 overexpression construct 
pCAMBIA1301-Ubi-OsOSM1, which was used to transform rice plants using Agrobacterium method. Thirty-day-old 
plants (WT and OsOSM1ox lines) were infested with four female mites. Shoot and root length and mite number per plant 
were evaluated 30 and 60 days after infestation (DAI). These plants were maintained in greenhouse conditions until the 
full maturity stage, when the seed production was evaluated. While no difference was detected in shoot and root length 
30 DAI, two out of the three OsOSM1ox lines presented lower shoot and root length when compared with WT plants 
60 DAI. Similarly, no difference between WT and OsOSM1ox lines was detected in mite number 30 DAI, while the 
number of adult and immature mites, and mite eggs per plant were much lower in OsOSM1ox lines than the WT plants 
60 DAI. The seed production in WT and OsOSM1ox plants was also differentially impacted by the mite infestation. The 
three OsOSM1ox lines presented higher percentage of full seeds per plant when compared with WT. Altogether, these 
data suggest that Osmotin1 is much likely involved with rice resistance to S. oryzae infestation, since its overexpression 
led to reduced mite number and increased percentage of full seeds per plant. The enhanced S. oryzae resistance in Os-
OSM1ox lines is probably associated with the activation of JA-associated defense genes. The development of rice lines 
resistant to S. oryzae infestation can contribute to the maintenance of productivity in rice plantations subject to mite at-
tack, being economically and environmentally important since it would not be necessary to apply chemical acaricides to 
control this pest. Additional experiments with CRISPR-Cas9-edited rice lines in which the Osmotin1 gene was knocked 
out are under way.
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Abstract: 
Nodulins are proteins associated with nodulation that act in situations of stress, expressed by the host during the forma-
tion of the nodule in the roots of legumes and the process of biological nitrogen fixation (BNF). As expected, nodulation 
in Stylosanthes scabra is affected by abiotic stresses that reduce its growth. However, several studies report that the 
species continues to nodulate under adverse conditions and adapt to water scarcity, justifying the analysis of such genes 
in this relevant condition. This work aimed to evaluate the in silico expression of nodulins in the transcriptome of S. 
scabra under water stress and to validate the expression profile of these targets by quantitative real-time PCR (qPCR). 
RNA-Seq libraries (Illumina HiSeq paired-end) were generated from root tissues of S. scabra under water suppression 
for 24 hours, and from permanently irrigated control plants. Nodulin seed sequences were obtained from the UniProt 
database and aligned via tBLASTn against the S. scabra transcriptome. The in silico expression profile was generated 
through the construction of heatmaps via CLUSTER 3.0 software, visualized by Java TreeView. Primers were designed 
using Primer3plus and Primer-BLAST at NCBI. The qPCR validations were performed using three reference genes to 
normalize the relative expression data. In silico analyses allowed the identification of 36 differentially expressed nod-
ulins, 19 of which were induced and 17 were repressed. Eight pairs of primers were designed for candidate nodulins. 
Of this total, four showed efficiency ranging from 90,5% to 107%, being selected for validation by qPCR. The relative 
expression data confirmed the induction observed in the RNA-Seq for two nodulin candidates (NOD3 and NOD5), sug-
gesting their participation in the plant response to stress. The results contributed to expanding the knowledge about the 
S. scabra adaptation to water deficit, with potential for the biotechnological applications in S. scabra and other legumes.
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Abstract: 
Gossypium hirsutum L. is the leading cotton species of economic importance for fiber and oil production. The main chal-
lenge to cotton crop productivity is the constant attack of several pests, including Anthonomus grandis (cotton boll wee-
vil), Helicoverpa armigera (cotton bollworm), Spodoptera frugiperda (fall armyworm), and the phytonematode Meloy-
dogine incognita (RKN, root-knot nematode). Therefore, the goal of this study was to identify and characterize cotton 
promoters which can be applied as a biotechnological asset to drive the transcription of genes encoding entomotoxic 
molecules more efficiently than the viral-constitutive Cauliflower Mosaic Virus (pCaMV35S) promoter in vegetative 
and reproductive cotton tissues attacked by these pests. Three cotton promoters were selected and characterized in this 
study: pGhUceA1.7, pGhERF105 and pGhNc-HARBI1. The promoter region of each of these cotton genes has several 
cis-regulatory elements predicted involved in tissue preferential expression and in response to pathogens and herbivory. 
Histochemical and transcriptional analysis of the reporter gene UidA (GUS) driven by these cotton promoters showed 
high activity in roots, leaves, flower buds, and fruits in transgenic A. thaliana plants. Interestingly, a comparative analy-
sis by quantitative real-time PCR (qPCR) of these cotton promoters and the pCaMV35S evidenced that the three cotton 
promoters encompassed a significantly higher GUS transcriptional activity in vegetative and reproductive A. thaliana 
tissues than pCaMV35S. Additionally, in order to characterize the activity of these promoters upon pest infestation, the 
transgenic A. thaliana plants were subjected to bioassays with the major pests that attack cotton plants (M. incognita, S. 
frugiperda, H. armigera and A. grandis). Firstly, a bioassay was performed with M. incognita during 10, 20, 30 and 45 
days post infestation (dpi) and the activity of each of these cotton promoters in infested and non-infested roots (control) 
was evaluated by qPCR analysis. Additionally, the activity of each promoter specifically in nematode-induced galls and 
in roots of the infested plants, at 20 and 45 dpi, were compared. The data indicated that the promoters were active in un-
infected roots, confirming the tissue-preferential expression expected for these promoters, but they were also positively 
regulated (induced) in at least one of the tested time-points when in the presence of RKN infestation. Interestingly, the 
promoters pGhERF105 and pGhNc-HARBI1 were up-regulated in nematode-induced galls at 45 dpi roots, while the 
pGhUceA1.7 promoter was also induced at 20 dpi. Importantly, the comparative analysis evidenced that the pCaMV35S 
was negatively regulated under RKN infestation, both in roots and in nematode-induced galls. Additionally, leaves of 
pGhUceA1.7, pGhERF105, pGhNc-HARBI1 and pCaMV35S transgenic A. thaliana plants were infested with 3rd instar 
larvae from S. frugiperda and H. armigera or with A. grandis’ adults for 3 hours and the activity of these promoters is 
already being evaluated by qPCR analysis for GUS expression. Finally, the promoters with the highest levels of induc-
ible expression in response to infestation with the tested cotton pests will be used for generation of genetically modified 
cotton plants. Overall, the present study provides new insights on a set of cotton promoters suitable for biotechnological 
applications in cotton plants for pest resistance.
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Abstract: 
The main challenge to cotton (Gossypium hirsutum) crop productivity is the constant attack of several pests, such as the 
caterpillars Helicoverpa armigera (cotton bollworm) and Spodoptera frugiperda (fall armyworm), and the root-knot 
nematode (RKN) Meloydogine incognita. The development of transgenic plants expressing target molecules for pests 
has been an effective strategy in pest control. Most biotechnological assets used are based on Bacillus thurigiensis (Bt) 
insecticidal Cry toxins or the silencing of essential genes from target pests using RNA-interference technology. How-
ever, suitable plant promoter sequences are required to efficiently drive insecticidal molecules to the target plant tissue. 
Therefore, the main objective of this study is to identify and characterize novel genes and promoters with high activity 
on leaves and roots from cotton (Gossypium hirsutum), with potential to be used in combination with entomotoxical 
proteins for further control of pests in cotton. The selection of candidate genes for isolation of promoters was performed 
by transcriptome-wide analyses from cotton plants infested with each target pest. The in silico analyses of transcriptome 
data available for cotton allow us to select six genes up-regulated by S. frugiperda and H. armigera, as well as six genes 
up-regulated by M. incognita, for evaluation of expression by real-time PCR (qPCR). The promoter region (2,000 base 
pairs) of each of these cotton genes was characterized in silico and several cis-regulatory elements involved in tissue 
preferential expression and in response to pathogens and herbivory were identified. For validate the expression profile of 
the selected candidate genes, a bioassay was performed in which cotton plants from a susceptible (G. hirsutum cultivar 
BRS372) and a tolerant (G. hirsutum cultivar NELAG) cultivar were infested with M. incognita during a time-course (7, 
14, 21, 30 and 90 days post infestation - dpi) and the roots from infested and non-infested (control) plants were harver-
sted for qPCR analyses. Additionally, a bioassay was performed for infestation with 3rd instar larvae from S. frugiperda 
and H. armigera, and cotton leaves (G. hirsutum cultivar BRS372) were harversted in the following time-points: 10, 30, 
60 and 240 minutes after infestation. The expression analyses performed by qPCR substantiated the differential expres-
sion of these cotton genes upon infestation by M. incognita in roots and by S. frugiperda and H. armigera in leaves from 
cotton plants. Based on the expression pattern observed for the genes evaluated in this study, it was possible to select 
two best genes highly expressed in leaves and up-regulated by caterpillars, as well as two genes with high expression in 
roots and during M. incognita infestation. The promoter of these four selected genes are being cloned to further charac-
terization in transgenic Arabidopsis thaliana and cotton plants. Importantly, the novel genes and promoters identified in 
this study can to provide new and promising biotechnological tools for the generation of elite cotton events resistant to 
nematode and insect pests.
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Abstract: 
In vitro pollen viability is a predictor of the integrity and behavior of pollen grains in vivo. It is an essential step to store 
the pollen properly to ensure that pollen is available and viable for hybridization studies in Genetic Breeding programs. 
The most important factors for maintaining viability during storage are temperature and humidity. Eremorange is a hy-
brid between Eremocitrus glauca x Citrus sinensis, species of the Rutaceae family, and subfamily Auratioideae. Both 
Eremorange and its parent, Eremocitrus glauca, became important in citrus breeding because they are resistant to the 
devastating citrus disease, Huanglongbing (HLB). E. glauca is native to Australia, and there is low availability of gen-
otypes for study. Both E. glauca and Eremorange have a low flowering rate under Brazilian environmental conditions, 
making it tough to obtain pollen. Effectively E. glauca does not flower under field conditions or in a greenhouse. This 
work is pioneering in studying the viability of Eremorange pollen in vitro and fresh and frozen conditions (-20 ºC) for 
90 days. Eremorange flowers obtained from induction under controlled conditions were collected before anthesis, whose 
anthers were removed and incubated at 37 ºC for 24 hours. Twenty anthers were added in a tube containing absolute al-
cohol and glacial acetic acid in a 3:1 ratio to analyze the pollen viability. After vortexing, 20 µL of the pollen suspension 
was placed on a laboratory slide with 20 µL of 2% acetic carmine. A cover slip was placed over the pollen suspension, 
and four quadrants were drawn on the underside of the slide to aid in counting as the reading fields. Fifteen anthers 
were placed on a slide containing culture medium (Agar, boric acid, potassium nitrate, magnesium sulfate heptahydrate, 
and calcium nitrate tetrahydrate) and kept at 28 °C in a humid chamber for 24 hours. The counting of germinated and 
non-germinated pollen grains was performed in optical microscope, covering several fields per laboratory slide until 
reaching 600 units. The evaluations were performed with two technical replicates. Fresh pollen grains showed 81% 
viability in vitro versus 96.5% from frozen pollen grains after 90 days of storage. Germination analyzes showed 6% 
and 9.8% for fresh and frozen pollen grains, respectively, which were similar rates also observed in studies with pollen 
from other citrus species. The results indicate that the storage of Eremorange pollen grains at a temperature of -20 ºC 
did not lead to losses in viability and was presented as an efficient method for their maintenance and use in hybridization 
experiments in greenhouse and field conditions.
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Abstract: 
Cestrum species (Solanaceae) present large genomes (2C = ~24 pg), a high occurrence of B chromosomes and great 
diversity in heterochromatin bands. Despite this diversity, karyotypes maintain the chromosome number 2n=16 (except 
when they present B chromosomes), and a relative similarity in chromosome morphology and symmetry. To deepen 
our knowledge of the Cestrum genome composition, low-coverage sequencing data of C. strigilatum and C. elegans 
were compared, including cytogenomic analyses of seven species. Bioinformatics analyses showed retrotransposons 
comprising more than 70% of the repetitive fraction, followed by DNA transposons (~17%), but FISH assays using 
retrotransposon probes revealed inconspicuous and scattered signals. The four satellite DNA types here analyzed rep-
resented approximately 2.48% of the C. strigilatum dataset, and these sequences were used as probes in FISH assays. 
Hybridization signals were colocalized with all AT- and GC-rich sequences associated with heterochromatin, including 
AT-rich Cold-Sensitive Regions (CSRs). Although satellite probes hybridized in all tested species, a satDNA family 
named CsSat49 was highlighted because it predominates in centromeric regions. Data suggest that the satDNA fraction 
is conserved in the genus, although there is variation in the number of FISH signals between karyotypes. Except to the 
absence of FISH signals with probes CsSat1 and CsSat72 in three species, the other satellites occurred in species of 
different phylogenetic clades. Some satDNA sequences have been detected in the B chromosomes, indicating that they 
are rich in preexisting sequences in the chromosomes of the A complement. This comparative study provides an import-
ant advance in the knowledge on genome organization and heterochromatin composition in Cestrum, especially on the 
distribution of satellite fractions between species and their importance for the B chromosome composition.
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Abstract: 
The biomass production and manufacturing system has been affected on a regional, national and global scale due to 
population growth and climate change. Two abiotic stresses that most threaten agriculture are drought and soil salinity. 
Transcriptomics consists of portraying the gene expression profile of an organism under contrasting conditions (con-
trol and specific situation) via RNA Seq, also known as full-shotgun sequencing of the transcriptome. This technology 
allows the identification of genes expressed at a given stage, measuring the transcriptional expression levels. Total 
RNA samples were subjected to RNA-Seq using an Illumina HiSeq platform at the GenOne Company (Rio de Janeiro, 
RJ, Brazil), using the paired-end strategy. The raw data analyzed in this study are available in the Sequence Read Ar-
chive (SRA) database of the National Center for Biotechnology Information - BioProject PRJNA573093, BioSample 
SAMN12799239. After in silico determination, the gene expression profile must undergo in vivo validation employing 
the qPCR technique. This study aimed to prospect, annotate and validate genes and their stress-inducing promoters dif-
ferentially expressed in the leaves of oil palm (Elaeis guineensis) plants under drought or salinity stresses. The strategy 
used by the study employed RNA-Seq followed by time-course differential expression analysis. In addition, a quanti-
tative and qualitative comparison study attempted to validate the in silico results using qPCR. The total RNA was used 
as a template for reverse transcription to obtain cDNA using the commercial kit SYBR® GreenER™ qPCR SuperMix 
Universal (Invitrogen®). The gene named EgEfMPOB00119 40S ribosomal protein S23 mRNA, complete cds, mRNA 
sequence present in E. guineensis, was chosen as a positive control (constitutive gene). The qPCRs were carried out in 
optical 96-well plats in a 7500 Real-Time PCR System, following the manufacturer’s instructions. Besides, the selected 
genes underwent structural and functional annotation. To investigate the tertiary structure of the proteins, the Software 
RaptorX was used. The NCBI Conserved Domain Search was used to search for functional domains in proteins. When 
comparing the expression profiles of the quantitative PCR technique with those of the RNA-seq technique, some in-
consistencies appeared, confirming the importance of the in vivo validation. Based on the oil palm reference genome, 
1,000 bp upstream sequences of the selected genes were acquired. PlantCARE was used to analyze them, with the de-
fault parameter. Several of the cis-acting elements found in the promoter sequences of the selected genes are known to 
be involved in various abiotic stresses. Several of the selected genes coded for uncharacterized proteins, which family 
membership were not predicted by InterPro. On the other hand, some of the genes coded for transcription factors, and 
known enzymes (transferases, translocases, and dehydrogenases). The results of this study allowed us to generate a da-
tabase of genes and promoters with potential use as biotechnological tools to develop plants tolerant to these two abiotic 
stresses via genetic modification/edition.
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Abstract: 
Considering that the human population will probably reach 10 billion people by 2050, many efforts are underway to 
increase biomass production sustainably. This challenge becomes even more challenging since it must occur while the 
plants are affected by several biotic and abiotic stresses. Salinity is one abiotic stress that severely affects agriculture, 
especially in arid and semi-arid regions. Aquaporins (AQPs) are transmembrane proteins with a role in transporting wa-
ter and other small molecules across cellular membranes. Regulation of AQP activity and gene expression are seen as a 
part of the adaptation mechanisms to stress conditions, including salt stress. Gliricidia (Gliricidia sepium (Jacq.) Kunth) 
is a multipurpose tree belonging to the Fabaceae family that can withstand various adverse conditions. Our previous 
studies not only mapped the distinct types of responses to salinity stress in this species - tolerance and adaptation - but 
also identified the metabolic pathways most affected by this stress. To further characterize this adaptation response, and 
considering that gliricidia does not have a published genome, our research group generated a reference transcriptome for 
gliricidia using RNA-seq data from plants under control and stress conditions. The reference transcriptome has a total 
of 90.581 proteins with complete ORFs, and the initial annotation analysis used the BlastKOALA tool. A reference tran-
scriptome-wide analysis looking for aquaporins identified 81 ORFs coding for orthologs of aquaporins, with only eight 
having a differential expression profile, two up-and six down-regulated due to the salt stress. The two up-regulated aqua-
porins belong to the PIP (Plasma membrane intrinsic proteins) subfamily of aquaporins, and the six down-regulated to 
both the NIP (Nodulin-26 like intrinsic proteins) and the PIP subfamily. The role of aquaporins in plants is the regulation 
of water transport across the membrane when the water flow needs to be adjusted or in situations where flow is critically 
low. Most PIPs are in plasma membranes and localized in organs characterized by experiencing large fluxes of water 
(vascular tissues, guard cells, and flowers). NIPs have lower water permeability and are permeable to small organic sol-
utes and mineral nutrients. Under stress, the phosphorylation of NIPs increases, showing a role in salt stress responses 
and in maintaining plant water balance. The list of aquaporins differentially expressed in gliricidia under salinity stress 
is undergoing further characterization to understand the role of such types of proteins in the adaptation response.

Palavras-chave: Abiotic stress; Water transport; Transcriptomics; Salt stress; 

Support / Acknowledgment 
FINEP (01.13.0315.00 DendêPalm Project).

321

GENÉTICA 
VEGETAL



USE OF TRADESCANTIA PALLIDA VAR. PURPUREA AS A BIOINDICATOR  
OF GENOTOXIC EFFECTS IN SAMPLING POINTS IN THE CITY OF JOINVILLE/SC

Valeria Cristina Rufo Vetorazzi1; Priscila Franco dos Santos2 
1docente. Universidade da Região de Joinville - Univille; 2academico. Universidade da Região de Joinville - Univille

Abstract: 
Despite being the most populous city in the state and also one of the largest industrial centers in the country, Joinville 
does not have a biomonitoring network for air quality. Knowing that the air pollution caused by intense vehicle traffic 
and industrial activity may be causing the deterioration of air quality in the city, the present study aimed to evaluate the 
air quality through biomonitoring by counting micronuclei present in cells of the plant Tradescantia pallida. Micronu-
clei are portions of chromatin that are lost in cell division and remain in the cytoplasm of interphase cells. They appear 
when young inflorescences are exposed to pollutants. Four flowerbeds were distributed in different points of the city and 
the young flower buds were collected according to three seasons of the year (summer, fall and winter). When compared 
among sampling points, there were no significant differences in the number of micronuclei found. When compared be-
tween the seasons of the year, there were significant differences. In the summer season the number of micronuclei found 
was lower and the winter season had the highest frequency. This difference can be explained by the climatic conditions. 
It was possible to conclude that the Joinville air quality did not contribute to the appearance of mutations in Tradescantia 
pallida during the study period. Biomonitoring studies are essential to know the conditions of air quality in cities and 
take the necessary measures to solve the problem.
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Abstract: 
The development of floral organs is regulated by complex genetic pathways that ensure fine control of cell division and 
differentiation. Our previous work showed that SCI1 (Stigma/Style Cell-cycle Inhibitor 1) regulates the final size of 
stigma/style in Arabidopsis thaliana and Nicotiana tabacum. Although some mechanisms of SCI1 have been elucidated 
in these species, the involvement of SCI1 in post-fertilization events was not previously investigated. Large-scale gene 
expression studies in tomato suggest that the Solanum lycopersicum SCI1 homolog (SlSCI1) is expressed in flowers, and 
fruits. Thus, the present work aims to expand the study of SCI1 function from the early stage of floral development to 
fruit development in tomato. For this purpose, gene expression analysis was performed by RT-qPCR in several organs 
and tissues of S. lycopersicum cv Micro-Tom (root, stem, leaf, vegetative apex, floral meristem, sepal, petal, stamen, 
ovary, stigma/style, immature green fruit, ripe green fruit, breaker fruit, ripe red fruit and seed). In addition, SlSCI1 
silencing tomato transgenic lines have been developed, via Agrobacterium transformation, to characterize traits associ-
ated with flowering and fruit formation. The results of the RT-qPCR demonstrated that SlSCI1 is equally expressed in 
the floral meristem, petal, stigma/style, ovary, and immature green fruit and is highly expressed in seeds. This indicates 
that SlSCI1 may have a role in regulating cell proliferation in all these organs derived from the floral meristem. SlSCI1 
silencing plants showed earlier anthesis, a reduction in anther length, as well as a reduction in fruit size. Taken together, 
these results support the hypothesis that SlSCI1 affects tomato floral development and floral organ growth and acts in 
post-fertilization events.
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Abstract: 
Bryophytes research contribute to the understanding of how land plants evolved and adapted to soil. Relevant informa-
tion on biological and genetic functions are conserved across most groups of Embryophytes. Mosses are structurally less 
complex than flowering plants but share fundamental metabolic and physiological processes. Physcomitrium patens, 
formerly Physcomitrella patens, emerges as a model organism due to its simple plant body organization, large cells in 
both protonema and gametophore, as well as its small haploid genome during most of its life cycle. However, P. patens 
has its own challenges mostly due to genetic redundancy, as a result of ancestral events of whole genome duplication. 
Copies of the same gene can separate at any time, branch out and evolve to perform different biological functions, which 
can eventually make direct functional inferences between homologs difficult. Among the most common approaches is 
the analysis of gene expression by RT-qPCR. However, selection of primers in conserved regions guided by inferences 
from orthology is often used. The present work is a case study of a multicopy gene family that encodes the sucrose 
6-phosphate phosphohydrolase (S6PP), through RT-PCR and RNAseq analysis. P. patens genome has five gene copies 
present in the genome located at 10, 14, 19, 22 e 24 chromosomes. RNAseq analysis was performed by mapping reads 
from 3 databases (PRJNA192876, PRJEB36328, PRJNA265202) involving different sampling conditions and a light/
dark cycle experiment was also performed with cells synchronized by blending. The whole experiment lasted 3 weeks, 
where on week 1 protonema was the major tissue while on week 3 most of the cells already differentiated to gameto-
phore and rhizoids. Total RNA was collected and RT-qPCR was assayed in both week 1 and week 3 along 48 hours 
each sampling, under light/dark cycle (16h/8h). The results of this study reveal that the expression profile differs among 
copies of S6PP. The expression pattern of these paralogs was not uniform during the life cycle of P. patens (protonema 
and gametophore), as well as the time of the day when the sample was collected. Expression levels varied by up to 5X 
between the lowest to the highest level of transcription evidenced. This characteristic of high genetic redundancy, com-
mon in mosses, brings with it challenges of working gene groups in the P. patens model, specially, for gene function 
discovery. Such difficulties are recurrence of pseudogenizations; neofunctionalizations between paralogs; functional 
overlaps between paralogs. It is fundamental to previously analyze all possible variants of the paralogs in the genome of 
P. patens prior to the selection of the orthologous gene object of the study. The take home message from this study is that 
one need to study the tissue, the environmental conditions and time of day influence the transcription level of each copy.
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Abstract: 
Begonia L. is recognized as one of the 10 major plant genus. So far, it includes about 2000 accepted species inhabiting 
tropical to subtropical regions. There seems to be an association between chromosome numbers and the geographic 
distribution of Begonia. For example, 2n = 22 is most often observed in Asian species, while 2n = 28 and 2n = 56 are 
recurrent in neotropical species. The high diversity of Begonia is attributed to hybridization and polyploidization events, 
with a whole genome duplication event in the ancient of the genus. From phylogenetic inferences and chromosomal and 
biogeographic reconstructions, we aimed to answer the following questions: what is the main event of karyotypic evo-
lution of Begonia? did the karyotypic evolution of Begonia occur in a distinct way on different continents? was Begonia 
diversification preceded by polyploidy? Our sampling included 126 species, using Hillebrandia sandwicensis Oliv. as 
outgroup. The sequences analyzed corresponded to the plastidial regions ndhA, ndhF-rpL32 and rpL32-trnL, obtained 
from Genbank. Each region was aligned using the Muscle algorithm in Mega-X. The nucleotide substitution model se-
lected by jModelTest 0.1.1 for the concatenated alignment was GTR+I+G. Bayesian analyses were performed in BEAST 
1.8.4. Two runs, each with two Markov Chain Monte Carlo chains were run for 10,000,000 generations and sampled 
every 1000 generations. From the remaining trees, we discarded a 25% burnin to generate the maximum-clade-cred-
ibility (MCC) chronogram using TreeAnnotator 1.8.4. We compiled the chromosome numbers using scientific papers 
and the Chromosome Counts Database. For the reconstruction of haploid ancestral chromosome numbers (HACNs), we 
used ChromEvol 2.0, in which 10,000 simulations were run for each model, with minimum and maximum chromosome 
numbers set to 1 and -10, respectively. Diversification dependence was tested by HISSE models. The topology of the 
MCC chronogram of clades was congruent with previous phylogenetic analyses. The karyotypic evolution model select-
ed was CONST_RATE_DEMI which allows for transitions of polyploidy, demipolyploidy, descending and ascending 
disploidy at a constant rate. The evolution of chromosome numbers in Begonia was mainly by descending disploidies 
in all subclades. However, it was possible to recognize each lineage by its basic chromosome numbers. The inferred 
HACN for the Asian clade was n = 15, while the Neotropical subclades had its HACNs estimated as n = 14. Among the 
African clades, it was possible to observe HACNs equal to n = 13 for sister taxa of the Neotropical clades and n = 19 for 
more primitive sections. The HISSE analyses showed a contribution of polyploidy in the change in diversification rate 
associated with one of the colonization events of the Americas. Successive rounds of polyploidy have substantially in-
creased the chromosome numbers of Neotropical species. We provide for the first time a wide analysis of Begonia chro-
mosome evolution based on probabilistic models. We confirm that polyploidy played an important role in the evolution 
of Neotropical begonias. Further analysis will provide a background for answering why the diversification of polyploid 
begonias was greatest in the Neotropics? What geological or climatic events would be associated with such speciation? 
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THE REPETITIVE COMPOSITION OF PASSIFLORA GENOMES
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Abstract: 
Passionfruit species (Passiflora, Passifloraceae) are much appreciated for their exotic flowers and edible fruits. Passi-
flora is the richest genus (520 spp) and is subdivided into 4 subgenera (Passiflora, Decaloba, Deidamioides and Astro-
phea). Species are very diverse in morphological aspects, and also have a substantial variation in chromosome size and 
number. Regarding genome size, there is a 10-fold variation, which is not attributed to polyploidy. Variation in genome 
size and chromosome number is common in plants, but its role in species evolution is continuously under investigation. 
Repetitive sequences are ubiquitous and important drivers of the structure and evolution of plant genomes, having great 
influence in size variation and large-scale genome organization. Hence, an in-silico approach was taken to study the or-
ganization and diversification of the repetitive elements in 19 species of the Passiflora genus, including representatives 
of the four subgenera, expressing its known range in genome size variation. For this, low-coverage Illumina sequences 
were analyzed in the RepeatExplorer tool. In short, it performs graph-based clustering to identify repetitive elements 
and uses a number of additional programs to annotate and quantify them. Results show the repetitive portion of all the 
species’ genomes. The repetitive portion ranged from 22.2, in P. organensis (Decaloba) to 81.7% in P. alata (Passiflo-
ra). In general, species of the subgenus Decaloba presented the smallest portions of repetitive elements and species of 
the subgenus Passiflora the highest ones. Retrotransposons of the LTR order were the most frequent. Overall, the Gypsy 
superfamily was more frequent than the Copia superfamily. Interestingly, elements classified as LINEs were recognized 
only in Decaloba. Satellite DNA clusters were identified in the Passiflora subgenus, and in greater proportions in Dec-
aloba. Considering all species, the Tekay lineage is the most frequent, followed by Angela and Athila. Angela was not 
found in Decaloba. The comparative analysis considering all species suggests that they are very diverse, with just a few 
clusters shared between them. In general, the most shared clusters within each subgenus belong to the most frequent 
lineage found in that subgenus. Tekay and Angela seem to have influenced the increase in the genome sizes, since they 
predominant in species with larger genomes. The Decaloba species seem to have developed mechanisms to silence or 
eliminate some elements, specifically Angela, remaining with smaller genomes. In this study all types of repeat classes 
were studied in representatives of the four Passiflora subgenera, providing a valuable resource for comparative genomic 
analysis and support for Passiflora genome evolution investigation.

Palavras-chave: Passiflora; passionfruit; repetitive portion; transposon; 

Support / Acknowledgment 
Fundação de Amparo à Pesquisa do Estado de São Paulo

326

GENÉTICA 
VEGETAL



Genética de
Microrganismos



INTEGRATION OF MOLECULAR RESPONSES TO ZINC DEPRIVATION  
IN PARACOCCIDIOIDES BRASILIENSIS

Abstract: 
Zinc is one of the main micronutrients for all organisms due to its catalytic and structural role in proteins, in addition to 
acting as a component of transcription factors. One of the defense mechanisms used by the host includes the sequestra-
tion of metals used in fungal metabolism, such as iron and zinc. There are several mechanisms that maintain the balance 
in intracellular zinc supply, including metal binding to metallothioneins and storage in intracellular compartments, in 
addition to transport into and out of the cell. MicroRNAs are effector molecules of responses between pathogen and host, 
favoring or preventing infection in many microorganisms. Fungi of the Paracoccidioides genus are thermodimorphic, 
presenting the mycelial form at room temperature (25-27°C) and the yeast form at human body temperature (36°C). 
They are the etiological agents of paracoccidioidomycosis (PCM). The clinical importance of PCM has increased due to 
its frequency, the severity of its clinical and anatomical forms, in addition to its mortality rate. In the current pandemic 
scenario in which the world has found itself since the beginning of 2020, mycosis studies continue to be important as 
a significant number of patients with COVID-19 developed systemic mycoses, co-infections that complicated their 
clinical condition. The present work has as general objective to identify proteomic and transcriptomic adaptations in P. 
brasiliensis during zinc deprivation. Proteomic analysis was performed by high performance liquid chromatography and 
mass spectrometry. From a total of 374 proteins, after statistical analysis, a total of 216 differentially regulated proteins 
were identified, considering minimal changes ≥ and ≤ 1.5. Of the total regulated proteins, 136 were induced and 80 
down-regulated. Proteomic data, indicate a remodeling of metabolism in this fungus in order to survive the zinc deficit. 
Proteins related to beta oxidation, pentose pathway and heat shock response were induced. Proteins down-regulated 
have zinc in their structure, like alcohol dehydrogenase. Transcriptional analyzes, revealed an increase in gene expres-
sion that encodes the high-affinity zinc transporter (ZRT2), evidencing the role of this transporter in metal homeostasis. 
Regarding to microRNA 19 were identified, three of which were differentially regulated. Among the target genes that are 
possibly regulated by these microRNAs are elements of zinc homeostasis such as ZRT1, ZRT3 and COT1 transporters. 
Furthermore, transcription factors that have zinc in their structure are targets of these miRNAs. The data suggest that 
P. brasiliensis undergoes metabolic remodeling to survive zinc deprivation and that miRNAs may be part of this shift.

Palavras-chave: microRNAs; zinc; deprivation; molecular; Paracoccidioides
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“PYSEWAGE”: A HYBRID APPROACH TO PREDICT THE NUMBER  
OF SARS-COV-2 INFECTED PEOPLE FROM WASTEWATER IN BRAZIL
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Abstract: 
It is well known that the new coronavirus pandemic has global environmental, public health, and economic implications. 
In this sense, this study aims to monitor SARS-CoV-2 in the largest wastewater treatment plant of Goiânia, which pro-
cesses wastewater from more than 700,000 inhabitants, and to correlate the molecular and clinical data collected. Influ-
ent and effluent samples were collected at Dr. Helio de Seixo Britto’s wastewater treatment plant from January to August 
2021. Viral concentration was performed with polyethylene glycol before viral RNA extraction. Real-Time qPCR (N1 
and N2 gene assays) was performed to detect and quantify the viral RNA present in the samples. The results showed 
that 43.63% of the samples were positive. There is no significant difference between the detection of primers N1 (mean 
3.23 log10 genome copies/L, std 0.23) and N2 (mean 2.95 log10 genome copies/L, std 0.29); also, there is no significant 
difference between the detection of influent and effluent samples. Our molecular data revealed a positive correlation 
with clinical data, and infection prevalence was higher than clinical data. In addition, we developed a user-friendly web 
application to predict the number of infected people based on the detection of viral load present in wastewater samples 
and may be applied as a public policy strategy for monitoring ongoing outbreaks.

Palavras-chave: COVID-19; Web Application; Coronavirus; SARS-CoV-2; Wastewater-based epidemiology
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PROTEIN SECRETION SYSTEMS IN PLANT GROWTH-PROMOTING BACTERIA:  
AN IN SILICO ANALYSIS OF SECRETORY MACHINERY  

OF PANTOEA AGGLOMERANS 33.1 AND BACILLUS THURINGIENSIS RZ2MS9
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Abstract: 
Plant Growth-Promoting Bacteria (PGPB) can benefit agricultural activities in several ways. In this context, Pantoea 
agglomerans 33.1 and Bacillus thuringiensis RZ2MS9 are PGPB and their role in plant growth-promotion is well de-
scribed by our research group. While P. agglomerans 33.1 acts as a growth-promoter for sugarcane, Bacillus thuringien-
sis RZ2MS9 presents significant importance in maize development. Protein secretion systems (PSSs) are machineries 
used by bacteria to protect themselves, transport proteins, and interact with the environment. These systems vary be-
tween Gram-negative (such as strain 33.1) and Gram-positive bacteria (such as strain RZ2MS9). Despite the relevance 
of PSS to bacterial pathogenicity, some reports have shown that PSSs can also be an important tool for a beneficial 
bacteria-plant interaction. Thus, we hypothesize that strains 33.1 and RZ2MS9 can use protein secretion systems to 
promote plant growth. Therefore, this study aimed to predict and identify PPSs from different PGPB (33.1 and RZ2S9) 
bacteria using computational tools. In both cases, the complete genome of them was analyzed. There are several com-
putational tools to identify PSSs from Gram-negative bacteria, but from Gram-positive, this prediction occurs majorly 
manually. To strain 33.1 the annotated genome with Prokka v. 1.14.6 and PGAP was evaluated for PSSs using RAST 
v. 2.0, BlastKOALA v. 2.2, and TXSScan (Galaxy v. 1.0.5). Additionally, to the strain RZ2MS9, the annotated genome 
with Prokka v. 1.14.6 and PGAP was manually evaluated for PSSs, using Blast against UniProt Database. Furthermore, 
comparative analyses were performed using the genome from other P. agglomerans and B. thuringiensis from NCBI. 
In silico analysis revealed that the strain 33.1 harbors a T1SS (Type 1 Secretion System), a T5aSS, three T5bSS, and an 
incomplete T6SS, in its chromosome, besides secretion systems Tat and Sec. Furthermore, a T5aSS has been found in 
its plasmid p33.1_1. On the other hand, to RZ2MS9 the secretion systems Tat and Sec have been found, demonstrating 
that both strains have specific PSSs. These results are important for a better understanding of the biology of strains 33.1 
and RZ2MS9 as PGPBs. In addition, they will contribute to future studies on the role of PSSs in beneficial bacteria, as 
well as in a beneficial plant-bacteria interaction.
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Abstract: 
Diatoms are photosynthetic organisms, which are major contributors to marine primary productivity and biogeochemi-
cal cycles. Marine diatoms are also an important source of natural products, such as lipids and oils, which makes them 
a great food item for consumers. In tropical environments, diatoms occur in the water column but also on top of benthic 
organisms, including corals. However, few have been documented about this association between diatoms and corals. 
Epibiont diatoms are often interpreted as opportunists, taking advantage of the favorable environmental conditions 
offered by corals. In this study, we describe the prospection of coral-associated diatom strains from the Abrolhos Reef 
Bank, Brazil. Also investigate possible nutritional beneficial effects of these epibionts for the coral-holobiont, that are 
still poorly known. Isolated diatom cultures were identified by partial 18S rDNA sequencing and morphology. Relative 
free lipids content was measured by Nile-Red staining with flow cytometric detection, whereas lipid production and 
FAME profiles were assessed by GC-MS. Six cultures, three with high (Navicula tripunctata CCM0035, Nanofrustulum 
shiloi CCMR0036, and Navicula salinicola CCMR0037) and three with low (N. salinicola CCMR0029, Psammoneis 
pseudojaponica CCMR0030, N. shiloi CCMR0031) lipid production were selected for further analysis. N-limitation 
increased lipid production in N. tripunctata CCMR0035 up to 26% of fatty acids by dry weight, compared to non-N-lim-
ited cultures (6,5%) (Ventura, 2017). Transcriptomic analysis on this species showed shifts in the metabolism of lipids 
and fatty acids upon N-limitation. The limitation additionally reduced photosynthetic light reactions, non-photochemi-
cal quenching and glutathione metabolism, which may help minimizing photo-oxidative stress. Transcriptomic profiles 
of the other five cultures under non-limiting culture conditions were also produced. Firstly, we assembled the transcripts 
of each one of the five transcriptomic libraries separately, and we obtained a range from 31.160 transcripts for the 
CCMR0029 up to 73.010 for the CCMR0031 library. In order to investigate the functionality of all transcripts and iden-
tify the enzymes involved with the metabolism of lipids, we performed the annotation of enzymes and pathways based 
on the KEGG database. We identified a total of 266 (119 for biosynthesis, 85 for degradation, and 62 for elongation of 
fatty acids) transcripts encoding enzymes for CCMR0031 library, as the maximum. For the CCMR0035, which pre-
sented the highest content of lipids, the total number of transcripts identified for fatty acid metabolism was 203 (104 for 
biosynthesis, 58 for degradation, and 41 for elongation). Regulatory interactions were assessed using PlantTFDB. The 
heat shock factor (HSF) constitutes the most abundant class of TF in all of the transcriptomes. Combined, these results 
shall shed light on the evolutionary processes affecting lipid production on benthic diatoms, and also on the potential 
nutritional effects of this association between corals and diatoms to the holobiont’s health, especially during bleaching 
events, when photosynthetic products from zooxanthellae are unavailable.
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THE SECOND MESSENGER C-DI-GMP AND ITS POSSIBLE INVOLVEMENT  
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Abstract: 
Pseudomonas aeruginosa is an opportunistic pathogen with relevance in the clinical context due to involvement in im-
munocompromised patients. This pathogen is highlighted due to the different regulatory pathways that allow it to adapt 
to different environmental conditions. Among these pathways, the role of the c-di-GMP second messenger stands out, 
whose intracellular levels govern the transition between the sessile and planktonic life states, asymmetric cell division 
and cell cycle progression, among others. However, little is known about the involvement of this second messenger 
in cell division and envelope synthesis. Our group identified interactions between the putative diguanylate cyclase 
PA14_04420 and protein fragments that are encoded in operons with genes for proteins involved in cell wall synthesis 
and cell division. The possibility of a diguanylate cyclase linked to the regulation or modulation of these cellular pro-
cesses has not yet been well elucidated in the literature. Thus, the project aimed to analyze the protein-protein interac-
tions between the predicted diguanylate cyclase PA14_04420 and an important protein associated with peptidoglycan 
production and is in operon with genes that express proteins related to cell division. The Bacterial Adenylate Cyclase 
- Two Hybrid (BACTH) was used to confirm the interaction between the two proteins. In addition, phenotypes classi-
cally related to c-di-GMP, such as biofilm formation and swarming and swimming motility, were tested in the mutant 
strains for these two proteins and compared with the wild type PA14 strain. It is interesting to study the effects of c-di-
GMP on PA14_04420 interaction partners in order to elucidate whether the partner functions are related to this second 
messenger. The mutant strain in the gene related to cell wall synthesis showed a decrease in swarming and swimming 
motilities when compared to the wild strain, consistent with previous data that it is affected in flagellar function. As for 
biofilm formation, both strains showed no significant difference when compared to the wild type. The growth rate was 
not altered in this mutant when compared to the wild type PA14 strain, as measured by culture turbidity, but viability and 
morphological analysis are underway. Although the putative diguanylate cyclase PA14_04420 mutant strain does not 
present phenotypes classically related to c-di-GMP, this may indicate that it does not have enzymatic activity, that the 
production of c-di-GMP is not sufficient to change the global levels of this molecule or that PA14_04420 is a c-di-GMP 
receptor, being related to specific mechanisms of regulation by c-di-GMP not yet reported in the literature.

Palavras-chave: Pseudomonas aeruginosa; regulatory pathways; cell wall; ; 

Support / Acknowledgment 
I would like to thank grant #2021/11368-5, São Paulo Research Foundation (FAPESP), and CAPES for the research support and 
investment.

332

GENÉTICA DE 
MICRORGANISMOS



DRUG REPURPOSING FOR CRYPTOCOCCUS NEOFORMANS BASED  
ON PROTEOME ALIGNMENT 

Amanda Alves de Oliveira1; Lívia do Carmo Silva2; Célia Maria de Almeida Soares3; Maristela Pereira3 
1Bolsista. R. 235, S/n - Setor Leste Universitário, Goiânia - GO, 74605-050. Institute of Tropical Pathology and Public Health, 
Federal University of Goiás, Goiânia, Brazil.; 2Bolsista. Av. Esperança, s/n - Chácaras de Recreio Samambaia, Goiânia - GO, 
74690-900. Laboratory for Molecular Biology, Institute of Biological Sciences, Federal University of Goiás, Brazil; 3Docente. 
Av. Esperança, s/n - Chácaras de Recreio Samambaia, Goiânia - GO, 74690-900. Laboratory for Molecular Biology, Institute of 
Biological Sciences, Federal University of Goiás, Brazil

Abstract: 
Responsible for most infections of Cryptococcus spp. in humans, Cryptococcus neoformans is an opportunistic fungal 
pathogen causing a life-threatening form of meningitis in immunocompromised individuals. It is estimated that C. 
neoformans affects millions of individuals per year, including in patients with severe COVID-19. For the treatment of 
cryptococcosis, three classes of antifungals are used: polyenes such as amphotericin B, azoles such as fluconazole, and 
the pyrimidine analogue, flucytosine. However, resistance cases of Cryptococcus spp. to the antifungals used, mainly 
fluconazole, has been reported. Thus, it is important to search for new candidates for efficient antifungals against C. 
neoformans. The objective of this work was to suggest repositioning of drugs to combat C.neoformans. For drug pre-
diction, protein sequences from C. neoformans were submitted in the Therapeutic Targeted Drug Banks (TTD) and 
DrugBank. Inclusion and exclusion criteria such as drugs approved in phase II/III of the clinical studies, FDA approved 
status, and sequence identity (≥ 30%) was used in the drug screening. After drug prediction, the model microorganism 
Saccharomyces cerevisiae was used for the prediction of essential targets. Molecular docking was used to analyze the 
interaction of the compounds with the target proteins of C. neoformans. The 3D structures of the proteins were gener-
ated by Homology modeling using the SWISS-MODEL server, were later optimized using the 3DRefine platform and 
the quality of the generated models were evaluated using MolProbity server. In molecular docking, OpenEye programs 
were used to analyze the interaction of drugs with target proteins. Twelve compounds were selected for in vitro analysis, 
minimum inhibitory concentration (MIC) and Minimum Fungicidal Concentration (MFC). Only two compounds did 
not show MIC and MIF values and two compounds showed MIC values lower than 1 ug/mL. The next step will be the 
experimental validation of prioritized compounds using in vivo assays, however the results obtained until now, showed 
this two compounds are promising.
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Abstract: 
Salmonella enterica subsp. enterica serovar Typhimurium (S. Typhimurium) is a worldwide important zoonotic agent 
transmitted mainly by contaminated foods of animal origin, including endothermic animals like chickens (42°C). More-
over, there is an epidemic invasive disease in sub-Saharan Africa caused by S. Typhimurium belonging to the sequence 
type (ST) 313 (S. Typhimurium ST313) and its presence was recently described in Brazil. Despite its clinical importance, 
in Brazil there is a lack of studies that have elucidated possible differences in the gene expression of S. Typhimurium 
strains isolated from different sources and belonging to important STs. The aim of this work was to perform the RNAseq 
in vitro of three S. Typhimurium strains grown in Luria-Bertani medium at 42°C. The reference strain S. Typhimurium 
SL1344 prototype (ST19) was originally isolated from the bowel of a calf with salmonellosis and has been considered 
as a model pathogen. The S. Typhimurium STm11 (ST19) and S. Typhimurium STm30 (ST313) strains were isolated 
in 1984 and 1990, respectively, from human diarrhea stool samples in Brazil, and belonged to the culture collection of 
the Adolfo Lutz Institute of Ribeirão Preto (IAL-RP). The RNAseq was performed using NextSeq 550 series (Illumi-
na) and the strains were prepared according to the manufacturer’s instructions. The assay was carried out in biological 
triplicate. The genes with adjusted p value < 0.1 and log fold change > 2 or < -2 for each comparison were subjected to 
gene ontology analysis using the PANTHER database. Overall, 326 genes were differentially expressed (158 upregulat-
ed and 168 downregulated) between the STm30 (ST313) and SL1344 (ST19) strains. S. Typhimurium STm30 (ST313) 
presented upregulated expression of genes related to biological processes of pathogenesis (type III secretion system), 
ethanolamine utilization and electron transport, as well as downregulated expression of genes related to biological pro-
cesses of glycerol catabolism, translation and nitrogen metabolic process. Comparison between S. Typhimurium STm30 
(ST313) and STm11 (ST19) identified 736 differentially expressed genes (475 upregulated and 261 downregulated). S. 
Typhimurium STm30 (ST313) exhibited upregulated expression of genes related to biological processes of pathogenesis 
(type III secretion system), ethanolamine utilization and nucleic acid metabolic process, as well as downregulated ex-
pression of genes related to biological processes of ion transport, galactose metabolic process and propanediol catabolic 
process. In conclusion, S. Typhimurium STm30 (ST313) isolated from human feces in Brazil express higher levels of 
pathogenesis-related genes at 42°C in comparison to S. Typhimurium SL1344 (ST19) and STm11 (ST19) strains, rein-
forcing the pathogenic potential of this highly invasive ST at a temperature not ideal for its growth.
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Abstract: 
The SARS-CoV-2 is a single-stranded RNA virus (ZHOU et al. 2020) that has infected more than half a billion people 
around the world and, just in Brazil, has led to more than 660,000 people death (WHO, 2022). In 2021, the first vac-
cines were made available in Brazil the Unified Health System-SUS and currently the AZD1222 (Covisshield) vaccine 
from Oxford-AstraZeneca is one of the available, being a viral vector vaccine. However, as it is an RNA virus and as a 
result of its current transmission rate, the virus has a high capacity of mutation, with until then a diversity of variants, 
which do not cease to arise (SACHA et al. 2020). It is recognized that these variants can lead to reduced neutralization 
by antibodies generated by previous infection or vaccination, widespread interference with diagnostic test targets, po-
tential clinical diagnostic impact, increased transmission and disease severity, among others (RAMESH, 2021). With 
these mutations, there is a concern regarding the continuity of vaccination effectiveness, as the variations can cause 
reduced neutralization by antibodies generated by infection or previous vaccination. Despite this, it is known that cur-
rently available vaccination for SAR-CoV-2 not only induces neutralizing antibodies, but also SARS-CoV-2 specific 
CD4+ and CD8+ T cell responses (NOH, 2021). With that in mind, the present study aimed to investigate mutations in 
MHC I and II recognition epitopes, in order to identify possible changes in recognition bindings. For this, initially six 
epitopes of MHC-I and four of MHC-II were selected in the Immune Epitope Database (IEDB), this selection was based 
on the epitopes that had been approached more frequently in studies with experiments obtaining positive results. Then, 
approximately 2017 Brazilian sequences were selected with samples from July 2020 to June 2021 available in the Gen-
Bank and GISAID databases. The nucleotide sequences encoding the spike protein were aligned and compared to the 
reference protein sequence used in the development of the AZD1222 vaccine (Covisshield).To determine the possible 
impacts of amino acid changes present in samples isolated in Brazil for the recognition of epitopes for MHC I and II, 
were used the PROPRED and PROPRED I tools. To the total, nucleotide changes were identified in the coding regions 
of four MHC-I epitopes and 3 MHC-II epitopes, however, only five resulted in the amino acid change. Therefore, the 
replacement in the region of the epitope CTFEYVSQPFLMDLE, a Leucine by a Phenylalanine at position 176; in the 
region of the NFSQILPDPSKPSKR epitope, a serine to a Leucine at position 810; in the FIAGLIAIV epitope region, 
from an Isoleucine to a Threonine at position 1221; in the NYNYLYRLF epitope region, from a leucine to a glutamine; 
in the region. These observed amino acid changes were analyzed for the impact of recognition epitopes for MHC-I and 
II, and when compared to conserved epitopes, no decrease in binding capacity was found. This result is similar to that 
found by Tarke et al. (2021) that identified through bioinformatics analysis that 93% of the epitopes remain conserved 
even with mutations.
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Abstract: 
Most CRISPR/Cas9 applications in yeast rely on a plasmid-based expression of Cas9 and its guide RNA (gRNA) 
containing a 20-nucleotides (nts) spacer tailored to each genomic target. The assembly of this customized gRNA is a 
time-spending process taking at least 3-5 days for its pre-cloning in Escherichia coli, purification, validation, and then 
co-transformation with Cas9 into a yeast strain. To facilitate CRISPR/Cas9 Applications in Saccharomyces cerevisiae 
we constructed a series of 12 EasyGuide plasmids. The new vectors provide templates for generating PCR fragments, 
with different resistance marks, that can assemble up to six functional gRNAs directly into yeasts via homologous re-
combination between the 20-nts spacers. We developed two ways to perform the CRISPR experiment: a Cas9 pre-load-
ed mode and a gRNA pre-assembling approach. In the CRISPR experiment with gRNA pre-assembled we got deletion 
rates of 86% with one target, and 100% for two and three targets. Moreover, we inserted a synthetic construct into the 
genome with 58% of success. For the Cas9 pre-loaded method we obtained deletion rates of 79% with one gRNA and 
managed to increase this rate to above 93% when two gRNAs modules targeting the same gene were combined in one 
plasmid. Furthermore, our method was also successful for inserting a synthetic construct with 80% positives, whereas 
SNP editing was obtained with 100% efficiency. Multiplexing experiments targeting four different loci were achieved 
with 100% deletion rates, whereas six targets could be deleted with 96% of efficiency using a sequential genome editing 
procedure by successively transforming two gRNAs and respective donors, while maintaining the Cas9. Overall, our 
results show that by dispensing pre-cloning in E. coli, yeast in vivo gRNA assembly significantly reduces the CRISPR/
Cas9 experimental workload. A highly efficient yeast genome editing procedure, involving PCR amplifications of gR-
NAs and donors, followed by their transformation into a Cas9-expressing strain, can be easily accomplished in a single 
day.
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Abstract: 
When compared to the gut microbiome of rural populations, urban individuals living in Amazonia have shown to harbor 
more taxonomic signatures of an industrialized lifestyle. However, their bacterial communities have also proven to be 
more diverse and to have lower abundance of Bacteroides taxa when compared to other urban groups, such as USA or 
Rio de Janeiro. These data have demonstrated that the gut microbiome of peoples living in the Amazon, even in urban 
settings, is not what is commonly expected of an industrialized society. Given the environmental and cultural context 
of the Brazilian Amazon, we sought to investigate whether another sign of non-industrialized microbiomes was also 
present: seasonal changes. We collected stool samples from 24 individuals in two timepoints (five months apart) along 
with detailed dietary records and living conditions. A total of 48 fecal DNA samples were submitted to metagenomic 
shotgun sequencing using Illumina NextSeq platform. Taxonomic classification was carried out using Kraken2 with a 
database made up of genomes from Kraken and the Global Microbiome Conservancy. Genomes were assembled using 
MetaSPAdes, metaBAT and dRep. The metagenome-assembled genomes for each individual were joined and quality 
control was performed using CheckM. To investigate strain replacements across timepoints, we performed genomic 
diversity and SNP analyses using InStrain. Data from longitudinal cohorts from Boston/USA and Hadza/Tanzania were 
also investigated in order to compare strain dynamics across diverse populations. Results showed that, unlike the Hadza 
hunter-gatherers, the Amazonian urban population does not experience a marked seasonal shift in gut microbial com-
position. While some compositional differences are observed across timepoints at an individual level, gut microbiomes 
remain largely stable throughout the year, much like what is seen for other industrialized populations. In terms of ge-
nomic diversity, however, the urban population of Amazonia showed a greater amount of strain substitutions across the 
span of five months. Species belonging to the Prevotella and Bacteroides genera were generally more widely replaced in 
the Amazon than in the US. Other species, such as Bacteroides fragilis, were seen with higher stability in the Amazon, 
however. An increased rate of strain replacements in the Amazon population may be caused by higher microbial expo-
sure, due to environmental or lifestyle factors. This may influence the resilience of the microbiome in a population that is 
more frequently exposed to pathogens and favor the metabolic capacity of this ecosystem when subject to a diverse diet.
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Abstract: 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly transmissible and pathogenic coronavirus 
that emerged in late 2019 and has caused a pandemic of acute respiratory disease, named ‘Covid-19’. Many variants of 
the SARS-CoV-2 virus have emerged in the last 3 years, which are classified as Variants of Concern (VOC) and Vari-
ants of Interest (VOI), being the ones that have been dictating the pandemic’s course. The objective of this study was 
to characterize punctual mutations in VOC of SARS-CoV-2. Genomic sequences of Alpha, Beta, Gamma, Delta and 
Omicron variants, in addition to Wild-Type (Wuhan-Hu-1) were obtained from GenBank (NCBI Reference Sequences: 
MZ773928.1, MZ314997.2, OM367886.1, OK091006.1, OM287553.1 and NC_045512.2, respectively). The sequenc-
es were analyzed according to their genomic structure, identifying Open Reading frames (ORFs) and Coding Sequenc-
es (CDS). The six sequences were aligned in Clustal Omega and pairwise comparison was analyzed. The number of 
punctual mutations that was detected was 38, 46, 51, 45 and 74 for Alpha, Beta, Gamma, Delta and Omicron variants, 
respectively, compared to Wild-Type. The majority of mutations was detected in ORF 1ab, ORF 2 (related to structural 
Spike - S- protein) and ORF 9 (related to structural Nucleocapsid - N - protein). The majority of mutations in ORF 1ab 
were concentrated in the CDS of non-structural protein (nsp)-3, which has an important role in replication and transcrip-
tion of the viral genome. Mutation rates in these regions (ORF 1ab, ORF 2 and ORF 9) corresponded to, respectively (in 
relation to the total number of punctual mutations detected in each variant): 26.3%, 23.7% and 13.1% in Alpha variant; 
30.4%, 23.9% and 10.9% in Beta variant; 25.5%, 33.3% and 11.8% in Gamma variant; 31.1%, 17.8% and 6.7% in Delta 
variant; and 14.9%, 56.8% and 6.7% in Omicron variant. The results suggested that ORF 1ab, ORF 2 and ORF 9 regions 
are more susceptible to mutations, which can compromise the effectiveness of vaccines and medications that target any 
of these regions, like what happens to S-protein, which is a target region for vaccines. Moreover, it was observed an 
increase of mutation numbers from Alpha variant (first detected in September 2020) to Omicron variant (first detected 
in November 2021), which suggested that the most recently detected variants presented a higher number of punctual 
mutations; this can also be a problem related to vaccine and medication target in a near future. This study brought a view 
of punctual mutations in SARS-CoV-2 variants. Furthermore, this virus is accumulating mutations, which justifies the 
necessity of constant studies to choose better targets to the development of strategies to combat Covid-19.
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Abstract: 
Effector proteins are molecules secreted by an organism that may modify another organism’s physiology. Effectors 
are well understood in plant-pathogen interactions. However, the role of effectors in the interaction between beneficial 
bacteria and plants is poorly understood. As instance, the beneficial bacteria-plant interactions may also occur in a mo-
lecular level in which bacteria have to secrete effectors to suppress the plant’s defense system. In this context, we pre-
dicted the effector proteins from two Plant Growth-Promoting Bacteria (PGPB) majorly studied in our research group 
to better understand the molecular strategies to plant growth promotion. Bacillus thuringiensis RZ2MS9 and Pantoea 
agglomerans 33.1 are strains that can promote the growth of a vast amount of hosts. B. thuringiensis RZ2MS9 was iso-
lated from the guarana’s rhizosphere (Paullinia cupana var. sorbilis) and significantly induced maize, soybean, tomato 
and sugarcane growth. P. agglomerans 33.1 was endophytically isolated from Eucalyptus grandis and promoted euca-
lyptus, tomato, soybean and sugarcane growth. Recently, it was demonstrated that B. thuringiensis RZ2MS9 exudates 
promoted significantly maize seed germination speed. This could be a consequence of effector molecules secreted by B. 
thuringiensis RZ2MS9 and may imply that those molecules have a role in plant growth promotion. Similar result was 
found to P. agglomerans 33.1. Our hypothesis is that B. thuringiensis RZ2MS9 and P. agglomerans 33.1 use effector 
proteins to promote plant growth. Therefore, we aim to identify and characterize effector candidate proteins from B. 
thuringiensis RZ2MS9 and P. agglomerans 33.1 using in silico approach. To identify effector candidate proteins, the 
complete genome of B. thuringiensis RZ2MS9 and P. agglomerans 33.1 were evaluated. All protein sequences codified 
by the genomes were analyzed by SignalP 5.0 to check for the presence of signal peptides. After, the sequences which 
had the signal peptide were submitted to TMHMM 2.0 to predicted transmembrane domains. Only the sequences that 
did not presented this characteristic were then selected. The last parameter used for prediction was protein molecular 
weight, between 15 and 50 kDa. We also used the software GP4 to ensure the reliability of effector candidate protein 
identification from B. thuringiensis RZ2MS9. Subsequently, only sequences classified as effectors were analyzed using 
Pfam v35.0, LocTree3 and BLASTP to predict protein domains, subcellular localization in the host and protein function 
by sequence similarity, respectively. The identification revealed 62 effector candidate proteins from B. thuringiensis 
RZ2MS9 and 363 effector candidate proteins from P. agglomerans 33.1. The most frequent classification of subcellular 
localization for both bacteria, accordingly to LocTree3, is secreted, that is, it acts in the extracellular environment of 
the host, following by chloroplast, nucleus, endoplasmic reticulum, mitochondrion and Golgi complex membrane for 
B. thuringiensis RZ2MS9 and cytoplasm and mitochondrion for P. agglomerans 33.1. Among the 62 effector candidate 
proteins from B. thuringiensis RZ2MS9, 15 were identified as hypothetical proteins. For P. agglomerans 33.1, from 363 
candidate effector proteins, 17 were identified as hypothetical proteins. This work is an initial step to contribute to the 
knowledge of effector proteins in the interaction between beneficial bacteria and plants.
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Abstract: 
Huanglongbing (HLB) is currently the most devastating disease of citrus. HLB is associated with an uncultured phlo-
em-limited bacterium named Candidatus Liberibacter asiaticus (CLas), and transmitted by an Asian Citrus Psyllid 
(ACP), Diaphorina citri. Currently, there are no effective strategies to prevent infection or to cure HLB-positive trees. 
The usual management is by controlling ACP population and eradication of infected plants, however, the incidence of the 
disease is increasing. Thus, development of novel and more efficient HLB control strategies are still under investigation. 
The aim of this project was to assess different antibacterial peptides against Liberibacter crescens (Lcr), a culturable 
Liberibacter strain, that is currently used as a model of Liberibacter species. The use of peptides for such application 
has been gaining evidence, since these macromolecules are easily synthesized, can be genetically expressed in citrus 
plants, have environmental compatibility, high stability, high antibacterial activity, and, depending on the sequence, can 
also induce vegetal defense system. In this work, 10 peptides were synthetized by solid phase peptide synthesis (SPPS), 
purified by high liquid chromatography in a reverse phase column (HPLC-RF) and identified by ion-trap mass spectrom-
etry (MS). Using in vitro and TEM-microscopy assays, our results showed that Pep1, Pep2, Pep3 and Pep4 were able to 
kill Lcr in concentrations bellow 25 µM. Also, phytotoxic and hemolytic assays were conducted and showed that these 
peptides had no toxic effect against plants and human erythrocytes, respectively. In order to verify the mechanism of ac-
tion of these peptides, studies were performed using fluorescence spectroscopy and membrane mimetics, demonstrating 
that Pep1, Pep2 and Pep3 acts lysing bacterial membrane, while Pep4 has unknown mechanism of action. In addition, 
peptides were sprayed on young leaves plants (kept on under controlled conditions) and targets genes were selected to 
relative expression analysis aiming to determine their potential to induce vegetal defense system. Our results showed 
that Pep1 triggered prolonged induction of defense response targets such as PR2 (Pathogenesis Related Protein-2) and 
NPR1 (Nonexpressor of Pathogenesis Related Gene-1), that is associated with activation of salicylic acid biosynthesis. 
These data are indicating the dual function of Pep1 macromolecule. The initial screening of peptides sequences syn-
thetized in this work is useful to determine future macromolecules that could be applied to generate genetical modified 
plants with tolerance or resistance to HLB associated bacteria. Finally, we demonstrate a promising use of peptides as a 
novel biotechnological tool to control CLas.
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Abstract: 
Klebsiella pneumoniae is a major cause of health care-associated infections with high rates of multidrug resistance. In 
particular, the emergence of carbapenemase-producing clones are of great concern, making K. pneumoniae an urgent 
global public health threat. Genome-based tools are increasingly being used for surveillance of carbapenem-resistant 
K. pneumoniae (CRKP). Such studies have led to recent advances in understanding CRKP populations, highlighting 
immense genomic diversity and providing a framework for tracking this pathogen. Useful strategies have involved 
phylogenetic analysis, multi-locus sequence typing in combination with resistance and virulence genes characterization, 
for outbreak investigations. The polysaccharide capsule is a key virulence determinant, which is necessary to establish 
infection, primarily because it confers serum resistance and antiphagocytic properties. The characteristics of the capsule 
synthesis loci (K-loci) have been shown to be important for the epidemiological surveillance of K. pneumoniae. There-
fore, this work aimed to identify and characterize the K-loci of Brazilian CRKP clones, and to relate these data with the 
sequence type (ST) of the strains. First, we sequenced the genomes of representative strains that had been isolated after 
an extensive epidemiologic study in hospitals from the State of Espírito Santo, Brazil, using the Illumina HiSeq2500 
platform. The K-loci was identified and characterized using WGS data through the Kaptive tool. Subsequently, to de-
tect insertion sequences (IS) present in the K-loci, the ISFinder database was used. The most common K-loci were: 
KL36 (strains of ST437), KL150 (strains of ST11), KL123 (strains of ST628), KL3 (strains of ST394), KL35 (strains 
of ST384), KL64 (strains of ST147 or ST37) and KL15 (strains of ST340). As observed, the K-type was conserved 
for strains of the same ST, however, strains of different STs presented the same K-type. Of the identified K-loci, most 
(85.7%) had the glycosyl transferase Wcaj, and 14.3% had the transferase WbaP, being the latter exclusive of KL150. 
Rhamnose metabolism operon rmlBADC was present in the KL36 strains, while the manose operon manCB was found 
in KL150, KL3 and KL35 strains. The KL64 carried both operons, while KL123 and KL15 had none. In the KL150 
strain, we detected, close to the ugd gene, the presence of ISKpn74, an IS recently described as responsible for mediating 
the insertion of hypervirulence plasmids in K. pneumoniae. In addition, this strain was the only one to contain the fucose 
synthesis gene gmb, which has been linked to virulence before. This gene was likely inserted by an IS in an event leading 
to an inversion rearrangement. In conclusion, here we describe K. pneumoniae strains with a diversity of arrangements 
of the capsule synthesis loci, with genetic characteristics different from those previously described, in addition to report, 
for the first time, the occurrence of a KL123 (ST628) strain in Brazilian territory. Despite the diversity of its organiza-
tion, the K-loci is shown to be a robust epidemiological marker for CRKP.
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NEW ENVIRONMENTAL SUBSPECIES OF ACINETOBACTER BAUMANNII  
ARE MORE INVOLVED IN HYDROCARBON DEGRADATION
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Abstract: 
Acinetobacter baumannii is one of the best-known opportunistic pathogens in the world and is classified as a priority 
by the World Health Organization. However, this species can degrade a wide range of organic and inorganic com-
pounds, showing biotechnological potential. Thus, the risk of pathogenicity of these microorganisms is a limitation for 
a possible biotechnological application. This work aimed to identify the biotechnological potential of nine isolates of 
Acinetobacter baumannii obtained from enriched metagenomic consortia derived from Brasilian oil reservoir samples. 
Nine bacterial isolates were obtained from different oil reservoir samples submitted to selective culture conditions in the 
presence of petroleum as a carbon source. The isolates were tested for biosurfactant production and degradation of dif-
ferent hydrocarbons fractions. The isolates were able to degrade different hydrocarbons, including long-chain hydrocar-
bons and polycyclic aromatic hydrocarbons. In addition, the biosurfactants production was observed (EI24 > 50%). The 
whole-genome sequence was carried out, and the genomes obtained were analyzed using several bioinformatical tools. 
The data from the average nucleotide identity (ANI) suggested that all nine strains in this study are new subspecies of 
Acinetobacter baumannii since the values observed are less than 98%. The phylogenomics analysis using the automated 
Multi-Locus Species tree tool showed the formation of a clade grouping the nine isolates, diverging from other A. bau-
manii strains. In addition, a comparison of all loci of the nine isolates from this study against 290 pathogenic and envi-
ronmental strains available online was performed in the BIGSdb Genome Comparator software. The Neighbour-Joining 
tree showed that our isolates group with other Acinetobacter species, separating them from the A. baumannii. Several 
genes involved in the degradation of compounds classified as dangerous by environmental control agencies such as EPA 
(USA) and CONAMA (Brazil) were found in the genomes of the isolates. In addition, preliminary tests indicated that 
all strains produced biosurfactants. Genomic analysis performed on the BioSurfDB and eggNOG databases indicated 
genes involved in the production of plipastatin. However, the Antismash platform did not identify a biosurfactant clus-
ter, indicating a new biosurfactant, a new production pathway or new genome arrangements. Furthermore, analysis of 
the isolated genomes indicated that the strains in this study have more genes involved in hydrocarbon degradation than 
pathogenic reference strains. In conclusion, environmental strains may present less pathogenicity, involving other pro-
cesses with high biotechnological potential, such as hydrocarbon degradation.
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A CYTOCHROME BD OXIDASE REPRESSED BY A MARR FAMILY REGULATOR  
CONTRIBUTES TO METAL AND OXIDATIVE STRESS RESISTANCE  

IN CHROMOBACTERIUM VIOLACEUM
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Abstract: 
Iron is a transition metal essential for life by acting as a cofactor in various biochemical processes such as respiration. 
However, iron and other metals can be toxic when in excess, contributing to generate harmful reactive oxygen species. 
In this work, we used a transposon mutant library to identify genes involved in resistance to iron toxicity in the envi-
ronmental opportunistic pathogen Chromobacterium violaceum. After screening a 10,000-transposon mutant library, we 
identified thirty-two strains with growth impairment under iron excess for which the transposon was inserted in eighteen 
different genes. We further characterized a mutant strain with the transposon insertion in the gene CV_3659, which 
encodes a probable transcription factor of the GbsR subfamily, a member of the MarR family. The CV_3659 is located 
near the genes CV_3658 and CV_3657 that encode the subunits of a CioAB-type cytochrome bd oxidase. We demon-
strated by RT-PCR that the genes CV_3659-58-57 compose an operon. β-galactosidase assays revealed that the pro-
moter activity of this operon was de-repressed in a ΔCV_3659 mutant, indicating that the regulator CV_3659 represses 
the expression of these genes. Surprisingly, the ΔCV_3659 mutant strain had no growth impairment under high-iron 
conditions, while the ΔCV_3658-57 mutant did not grow in the same condition, indicating that the phenotype seen in 
the transposon mutant was due to a polar effect in the CV_3658-57 genes. Moreover, the ΔCV_3658-57 mutant showed 
a decrease in violacein production and siderophore activity. The null mutants and complemented strains were also 
characterized by growth curves and survival assays in the presence of other metals and oxidant agents. The ΔCV_3658-
57 strain was more susceptible to streptonigrin, iron, zinc, and H2O2 when compared with the WT and complemented 
strains. In conclusion, we identified and characterized the role of a MarR-type transcription factor (CV_3659) in re-
pressing genes encoding a CioAB-type cytochrome bd oxidase (CV_3658-57) that is required for the resistance of C. 
violaceum to different metals and oxidative stress.
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SYNERGISM BETWEEN THE ANTIDEPRESSANT SERTRALINE AND CASPOFUNGIN  
AS AN APPROACH TO MINIMISE THE VIRULENCE AND RESISTANCE  

IN THE DERMATOPHYTE TRICHOPHYTON RUBRUM
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Abstract: 
Trichophyton rubrum is responsible for several superficial human mycoses. Novel strategies aimed at controlling this 
pathogen are being investigated. The objective of this study was to evaluate the antifungal activity of the antidepres-
sant sertraline (SRT), either alone or in combination with caspofungin (CASP). We calculated the minimum inhibitory 
concentrations of SRT and CASP against T. rubrum. Interactions between SRT and CASP were evaluated using a broth 
microdilution chequerboard and quantified using the fractional inhibitory concentration index. We assessed the differen-
tial expression of T. rubrum cultivated in the presence of sublethal doses of SRT or combinations of SRT and CASP. We 
used MTT and violet crystal assays to compare the effect of SRT alone on the metabolism and biomass of T. rubrum bio-
films with that of the synergistic combination of SRT and CASP. A human nail infection assay was performed to evaluate 
SRT activity in an ex vivo model. SRT alone, as well as in combination with CASP, exhibited antifungal activity against 
T. rubrum. SRT targets genes involved in the biosyntheses of cell wall components and ergosterol. Metabolic activity 
of the biofilm was significantly increased up to 72 h, following which it stabilised. Furthermore, the metabolic activity 
of the T. rubrum biofilm and its biomass were affected by SRT and the combination of SRT and CASP. SRT alone, or in 
combination with CASP, shows potential as a practical approach to minimise resistance and reduce virulence, suggest-
ing that these drugs are promising alternatives to antifungals. 
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Abstract: 
The incidence of fungal infections has been increasing significantly in recent years and the yeast of the Candida spp. 
responsible for most of these infections. These commensal yeast that inhabit the microbiota of healthy individuals, 
under certain circumstances (compromised individual immune system, under debilitating clinical conditions, surgical 
procedures, people affected with metabolic syndromes (obesity, hypertension, type 2 diabetes mellitus) Acquired im-
munodeficiency syndrome (AIDS), among other factors) may express virulence factors such as enzyme production, 
biofilm formation, change in their structural conformation, which gives them pathogenic character and resistance to 
conventional treatments. For the identification of yeast species, classic taxonomy methods whose research object are the 
macroscopic, microscopic morphological characteristics, growth speed, resistance or sensitivity to antifungal agents and 
more recently molecular biology that has demonstrated modern, fast and specific forms if there is demonstrated forms 
of species identification. The objective of this work was to compare methods of identifying the classical and molecular 
taxonomy of clinical strains. The tests were performed with 12 strains from clinical samples that are part of the Fungi 
collection of the mycology laboratory of the Basic and Applied Immunology Center of the Federal University of Ma-
ranhão. The samples were previously identified automatically in the Vitek 2 Biomerieux system belonging to Candida 
albicans, Candida Glabrata, Candida Parapsylis and Candida Tropicalis. For morphological characterization, strains 
were sown for 48 hours to 37 ° C in YPD culture (Yeast Extract - Pepptone - Dextrose) and microculture performed. The 
samples were also sown in chromogenic medium for 72 hours and 37 ° C. For molecular analysis DNA extraction was 
used with the addition of glass spherules and later PCR, with species-specific primers followed by electrophoresis. After 
procedures it was possible to find that the strains belonged to the four species described. Therefore, it was concluded 
that mechanisms of identification of both classical taxonomy, with some differences, but especially molecular biology 
were effective in identifying strains of clinical samples. However, it is necessary to perform sequencing to reinforce the 
molecular methods employed in this study. The correct identification of pathogenic microorganisms is believed to assist 
in the treatment of fungal infections in a more appropriate way.
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COMPUTATIONAL DISCOVERY OF SMALL NON-CODING RNAS IN THE EMERGING 
OPPORTUNISTIC PATHOGEN STAPHYLOCOCCUS HAEMOLYTICUS
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Abstract: 
Staphylococcus haemolyticus is an emerging pathogen in the nosocomial environment, involved in persistent infections 
related to invasive medical devices. The expression of small non-coding RNAs (sRNAs) is related to virulence and re-
sponse to different forms of stress in important pathogens, but their abundance and importance are still unknown in S. 
haemolyticus. sRNAs bind to several messenger RNAs by partial complementarity, acting as global regulators of gene 
expression and, due to the pleiotropic effect of their activity, these molecules have been studied as possible targets for 
the construction of attenuated vaccines. Most of the sRNAs known for the genus Staphylococcus to date are described 
only for Staphylococcus aureus. In this work, we aimed to develop a computational strategy to identify sRNA candidates 
in the S. haemolyticus genome, followed by experimental confirmation, to elucidate new aspects of virulence and stress 
resistance of this microorganism. For this purpose, the presence of sRNAs was analyzed in the genome of the S. hae-
molyticus strain JCSC1435, by combining the freely available predictive algorithms SIPTH, Infernal, BSRD and SRD, 
considering as sRNA candidates those that were predicted by at least two softwares. A total of 26 sRNAs candidates 
were selected and their possible function was investigated by seaching for homology in Rfam version 14.7. They include 
4 housekeeping protein-interacting sRNAs, 7 possible mRNA-interacting trans-acting sRNAs and 15 cis-elements. The 
expression of 21 sRNAs was confirmed by RT-PCR, evidencing an efficiency of 81% of the method used here. The 
possible mRNA targets of the trans-acting sRNAs were investigated with TargetRNA2, and their secondary structure; 
with RNAfold. These RNAs were shown to have Rho-independent terminators, stable secondary structures and the po-
tential to bind several mRNA targets, potentially involved with resistance to different types of stress and antimicrobial 
resistance. A regulatory network was constructed with Cytoskape, showing that some sRNAs have mRNA targets in 
common. This work is a step forward in the understanding of the mechanisms that may have possibly turned S. haemo-
lyticus into such a successful pathogen in the past decades. Future studies will confirm their influences in the physiology 
of this bacterium and hopefully open new possibilities for immunization and treatment of infections.
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OPTIMIZING STEPS FOR THE DEVELOPMENT OF A SINGLE STRAND DNA LIBRARY 
TO OBTAIN APTAMERS ANTI-SARS-COV-2
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Abstract: 
Introduction: SARS-CoV-2 is a virus with a positive sense RNA as a genome, encompassing approximately 32 kilobas-
es. Its genome codifies structural proteins such as Spike (S), Membrane protein (M), Nucleocapsid (N), and Envelope 
(E). Also, twelve ORFs encode sixteen non-structural proteins (nsp). During the steps of translation of nsp 1a and 1b, the 
Programmed-Ribosomal Frameshifting (PRF) may be shifted, which is an important mechanism for the production of 
polyproteins 1a and 1ab. Objective: Aiming to obtain oligonucleotide ligands as aptamers for SARS-CoV-2, a library of 
single-stranded DNA (ssDNA) was constructed. Methods: The Systematic Evolution of Exponential Enrichment (SEL-
EX) method was performed for nine rounds of selection of ligands from a synthetic library of ssDNA with an expected 
molecular weight of 85 bp. The target was introduced in a pUC 18 plasmid and successive symmetric and asymmetric 
PCR were made to generate the region PRF labeled with biotin. Variations in the methods to obtain the library were test-
ed to compare the results of better-optimized conditions. Results: The step of library purification to be submitted to each 
round by using direct precipitation or bands sliced from agarose gel and purified by glass wool indicated that this last 
procedure improves the production of products with a more precise molecular weight, allowing to have better control 
over the size of the region of interest. Regarding the agarose concentration was observed that as the gel concentration 
increased from 1.2% to 1.7%, the quality of the product recovered was lost. PCR cycles number from 29 to 32 did not 
favor the production of the expected amplicons and, the primer concentration of 10uM to 5uM did not produce better 
products without the primers dimer. With the stringency step used in the selection stages, it was possible to observe that 
a buffer with 2% Tween 20 was a determining factor with better data when the concentration of this nonionic surfactant 
was reduced to 0,05%, mainly from the six to the nine-round. Finally, based on hybridization assays by dot-blot, the 
presence of possible ligands to the PRF of SARS-CoV-2 was observed by using this region as probes able to generate 
a colorimetric signal. Conclusion: These results indicated the potential of this method well optimized for theranostic 
application purposes due to the selection of more specific aptamers to regulatory elements present in the SARS-CoV-2 
genome.
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VERTICAL TRANSMISSION OF THE ZIKA AND CHIKUNGUNYA ARBOVIRUS  
IN AEDES AEGYPTI MOSQUITOES IN GOIANIA, GOIÁS, BRAZIL

Diego Michel Fernandes da Silva1; Juliana Santana de Curcio1; Lívia do Carmo Silva1; Carlos Eduardo 
Anunciação1; Flávia Sousa Barreto1; Elisângela de Paula Silveira Lacerda1 
1. Av. Esperança, s/n - Chácaras de Recreio Samambaia, Goiânia - GO, 74690-900. UNIVERSIDADE FEDERAL DE GOIÁS

Abstract: 
The term arbovirus comprises all viruses that are kept in nature by biological transmission between a susceptible verte-
brate host and a hematophagous vector arthropod, but commonly mosquitoes and ticks (CASSEB et al., 2013). These 
viruses replicate in the arthropods tissues and after the incubation period, they are transmitted to vertebrate hosts through 
the bite. The most known arboviroses are Dengue (DENV), Zika virus (ZIKV), Chikungunya (CHIKV), and yellow 
fever (FA), in the literature there are few reports of vertical transmission between the Aedes aegypti mosquito, vertical 
transmission consists of transferring the virus from a progenitor to its offspring (WHITEMAN, Ari et al., 2020) This 
type of transmission can occur through the transovo transmission mechanism which consists of the infection of the 
eggs at the time of oviposition, with the viral particle deposited on the surface of the egg or transovaryan transmission 
consisting of the infection of the embryonic follicle (KOTSAKIOZI, Panayiota et al., 2017). Thus, the objective of this 
study was to trace the presence of DENV, ZIKV, CHIKV and Oropouche (OROV) arbovirus in Goiania, Goiás, and to 
identify the occurrence of vertical transmission (infected progenitor generate infected offspring) in Ae. aegypti mosqui-
toes. This is a laboratory study, in which eggs from the Ae. Aegypti mosquito were collected by health surveillance, in 
the period from December 2021 to January 2022 in the northwest and southwest regions of Goiania. Eggs were grown in 
a controlled environment until the hatching of mosquitoes in which they were frozen and then identified by gender and 
species and sexted. Females were separated into pools of 10 individuals, totaling 74 pools of Ae. aegypti (N=740). The 
pools were submitted to viral RNA extraction, using the MagMAX viral/pathogen nucleic acid Isolation kit, following 
the manufacturer’s guidelines and the detection of arbovirus was performed using the RT-qPCR test. The present study 
is in progress, and the following preliminary results are available. There was amplification in 4 of the 74 pools tested, 2 
of them positive for ZIKV and 2 of them positive for CHIKV, demonstrating the occurrence of vertical transmission of 
the arbovirus ZIKV and CHIKV in Ae. aegypti in Goiania, Goiás. The screening of arboviruses in the central region of 
Brazil makes it possible to investigate circulating viruses, and the dissemination of these data in the literature will be of 
great impact due to scientific evidence of vertical transmission between hematophagous arthropods for the arboviroses 
ZIKV and CHIKV, Thus demonstrating an alarming risk of possible outbreaks of these emerging arboviruses in Brazil.
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DEVELOPMENT AND VALIDATION OF A MULTIPLEX QPCR FOR DETECTION  
OF CA. L. ASIATICUS, CA. L. AMERICANUS AND 16SRIX GROUP PHYTOPLASMA,  

BACTERIA ASSOCIATED WITH HLB

Elaine Cristina Martins1,5; Diva do Carmo Teixeira2; Daniela Aparecida Bononi Coletti3; Nelson Arno Wulff2,4 
1Research Analyst. Av. Dr. Adhemar Pereira de Barros, 201- Araraquara - SP. 14807-040. Fund for Citrus Protection- Fundecitrus; 
2Research. Av. Dr. Adhemar Pereira de Barros, 201- Araraquara - SP. 14807-040. Fund for Citrus Protection- Fundecitrus; 
3Laboratory Assistant. Av. Dr. Adhemar Pereira de Barros, 201- Araraquara - SP. 14807-040. Fund for Citrus Protection- 
Fundecitrus; 4Associate professor. Av. Prof. Franscisco Degni, 55 - Jardim Quitandinha. Araraquara - SP 14800-900. São Paulo 
State University - UNESP; 5PhD Student in Biotechnology. Av. Prof. Franscisco Degni, 55 - Jardim Quitandinha. Araraquara - SP 
14800-900. São Paulo State University - UNESP

Abstract: 
HLB has been described as the most devastating disease of citrus in the world. HLB affects almost all citrus cultivars 
and causes substantial economic and environmental losses to the citrus industry. The pathogens associated with HLB in 
Brazil are Ca. Liberibacter asiaticus (Las), Ca. Liberibacter americanus (Lam) and Ca. Phytoplasma spp. Dissemination 
occurs through the transmission of Ca. Liberibacter spp. through the vectors D. citri (Asian Citrus Psyllid - ACP) and 
potentially by leafhoppers in the case of phytoplasmas. The main HLB symptoms is blotchy mottle on the leaves, the 
fruits become deformed or lopsided and bitter tasting. Detection of the HLB is difficult by symptoms alone, so laborato-
rial diagnostic by molecular assay is necessary in research and as a resource to help management practices. In this work, 
a multiplex protocol was set up for the detection of three HLB-associated bacteria at once. Reactions were standardized 
with plasmid containing the target ribosomal protein (rpl) genes, DNA from citrus and ACP. To check the specificity of 
Multiplex rpl qPCR, were applied DNAs from symptomatic citrus for HLB; healthy citrus and others phytopathogens 
related to citrus disease such as Xanthomonas citri sp citri; Xylella fastidiosa and Phyllostictica citricarpa; as well as 
other bacterial species such as Liberibacter crescens, the only axenically cultivated Liberibacter; Sinorhizobium meliloti 
and Rhizobium tropicii. The Multiplex rpl qPCR was validated against the reference qPCR systems HLBpr and RNR. 
Multiplex rpl qPCR reactions showed efficiency greater than 94.86%, slope between -3.37 to -3.45 and R2 greater than 
0.99. Comparing the Log10 values of Multiplex rpl qPCR and the reference methods, there wasn’t significant difference 
between Multiplex and RNR qPCR for detection of Las in citrus and ACP, proving its specificity, while it was less 
sensible than the HLBpr system. The performance diagnostic evaluation was done with 2088 citrus samples from the 
field: 74,3% samples were positive for Las by Multiplex rpl qPCR. Among these positive samples, 96.9% presented 
Cq between 20 and 32, giving a good and safety range for detection of Las in the field samples. All reactions showed 
excellent sensitivity, specificity, and reproducibility for detection of Las, Lam and 16SrIX phytoplasma in citrus and 
ACP samples. Another advantage of this work is that all qPCR methods (Multiplex or references) were standardized in 
a reduced reaction volume of 12 µL, providing savings in their execution. Furthermore, in this study, standard curves 
were performed for all methods presented, which allow the use of them for quantitative analysis.
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Abstract: 
Introduction - According to the Ministry of Health there has been a considerable increase in cases of new STIs in Brazil 
since the year 2018. The risk behavior, the low adherence to the use of condoms is a major factor cited by the gov-
ernment agency. STIs are caused by viruses, bacteria or protozoa and transmitted through unprotected sexual contact. 
Based on the general knowledge about the sexual behavior of the Brazilian population, there is the importance of as-
sessing the health conditions of vulnerable populations, such as quilombolas. According to government agencies such as 
universities and NGOs, the quilombola populations have little access to health care, and access to health care centers is 
difficult because there are no units nearby, increasing the vulnerability of these populations. Objective: To evaluate the 
rates of co-infection of sexually transmitted agents (Chlamydia trachomatis, Neisseria gonorrhoeae, and Trichomonas 
vaginalis) in women with different cytological findings seen at the UBS (Basic Health Unit) of Caxias - Maranhão, Bra-
zil. Materials and Methods - The study is observational of the cross-sectional and prospective type, where demographic, 
clinical and pathological data were collected from medical records and sociodemographic questionnaires were applied 
in quilombola women from the city of Caxias - MA. The detection of the infectious agents Chlamydia trachomatis, Neis-
seria gonorrhoeae, and Trichomonas vaginalis, will be performed by PCR techniques. Results: Of the 145 samples of 
women analyzed, 74 were positive for gonorrhea, 19 for chlamydia, and 13 for trichomoniasis, with the results being in-
dependent of each other. Most were in the 30 to 50 years age group (38.6%), black (77.2%), had only elementary school 
education (41.4%) and were married/stable union (72.4%). All of them had an active sex life, about 42.7% started their 
sexual life between 13 and 15 years old, 29% between 16 and 18 years old, 17.2% older than 19 years old, 9.6% between 
10 and 12 years old, and 0.6% younger than 10 years old. Regarding the number of sexual partners, 57 (39.3%) reported 
having only 1 partner, 54 (37.2%) reported having 2 or 3, 15 (10.3%) reported having 6 to 10, 11 (7.6%) between 4 and 
5, while 8 (5.5%) indicated having had more than 10 sexual partners. The use of condom as a contraceptive method in 
all sexual relations was recorded by only 9.6% of the women, with occasional use being 56.5%. About 33.7% did not 
use condoms in any of their sexual relations, 24 (16.6%) had a history of other STIs. Among the risk factors, 73 (50.3%) 
participants assumed that they consume alcoholic beverages, of these, 30.2% drink weekly or monthly, and most of 
them (50.7%) drink occasionally. As for smoking, only 12 (8.3%) answered that they currently smoke. Conclusion: The 
data obtained in this study indicate a need for further research with this quilombola population, which is a group with a 
certain territorial isolation, and show that the government needs to insert new public health measures to cover isolated 
communities, since STIs are already present in these communities.
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DNA OF MICROCOCCUS LUTEUS VERIFIED WITH ELETROPHORESIS  
BOX MADE WITH INEXPENSIVE MATERIALS

Emanuel Brasilino de Santana1; Rebeca Souza dos Santos1; Vitoria Souza Cavalcante1; Caroline dos Reis 
Nascimento1 
1. Alagoinhas, Brazil. State University of Bahia

Abstract: 
Experience is a natural part of life where the situation and the subject are modified, constituting a permanent construc-
tion and deconstruction. Within the nowadays financial context of public education institutions in Brazil, the experience 
in the field of Molecular Biology is commonly denied due to the lack of specific materials, because they are very ex-
pensive or due to the lack of public policies for education which may provide public institutions with equipment and 
reagents in this field of knowledge. In this work an electrophoresis box was made from and acrylic chocolate box, to 
verify DNA extracted and amplified from Micrococcus luteus. Cell phone power chargers of 12 V capacity were used 
as energy source. The bacterial DNA was extracted using the Qiagen extraction kit and amplified using primers for the 
V6/V8 region of 16S rDNA and TaqDNA polymerase. Electrophoresis box presented electric parameters as other equi-
paments made in industry. DNA fragments migrated during the electrophoresis process, demonstrating this artisanal box 
may be used for Molecular Biology experiments in schools and universities.
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AGAINST SOIL BORNE PATHOGENS
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Abstract: 
Concerns regarding food safety and human health increase the demand for the development of new clean technologies 
for food production and storage. The use of biocontrol techniques can be a key for developing sustainable agriculture 
practices. Inoculation of microbial biocontroling agents in plants can control plant diseases caused by soil borne patho-
gens, and at the same time can promote plant growth through the production of phytohormones, nutrients solubilization, 
nitrogen fixation and other mechanisms. Bacteria belonging to the genus Bacillus spp. have been extensively studied as 
biocontrol agents and plant growth promoters. Therefore, this work aimed to evaluate plant growth promoting charac-
teristics of the new bacterial strain Bacillus sp. S26, besides identifying its biocontrol effect against several important 
soil borne pathogens and sequencing its whole genome to better understand the antimicrobial compounds produced by 
this strain. The bacterial strain S26 was able to produce indolic compounds (40.9 µg mL-1) and siderophores, and also 
solubilize phosphate. The antimicrobial susceptibility test showed that, among the 17 antimicrobial substances tested, 
S26 was resistant only to Cefepime (CMP30) and Ceftazidime (CAZ30). This strain was able to inhibit the growth of six 
fungal phytopathogens in vitro experiments: Fusarium venenatum, F. solani FUS145 and FUS234, Sclerotium rolfsii, 
Macrophomina phaseolina MP53, and Phytophthora palmivora. The whole genome presented 3,915,355 base pairs, 
3,990 coding regions, and 46.4% of GC content. Among the 3,990 identified coding regions, 1,639 were recognized 
and identified by the RAST server, being grouped in 26 categories. This bacterial isolate was identified as Bacillus 
velezensis S26, using the genomic metrics ANI and dDDH. Genome mining using antiSMASH predicted a total of 12 
regions related to production of secondary metabolites with antimicrobial activity (more than 80% of similarity), such 
as Difficidin, Fengicin, Bacilaen, Macrolactin H, Bacilisin, and Bacilibactin. The search for virulence factors in the S26 
genome using the “virulence factors of pathogenic bacteria database (VFDB)” presented no hit. Thus, the strain S26 can 
be considered free of virulence factors and safe for agricultural applications. These data suggest that the non-pathogenic 
strain B. velezensis S26 presents high potential to be used as a biocontroling agent in plants, aiming to develop sustain-
able agriculture practices.
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MANSONIA HUMERALIS MOSQUITOES AS POTENTIAL VECTORS OF ZIKA VÍRUS
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Abstract: 
Mosquitoes of the genus Mansonia are not identified as vectors of endemic diseases in Brazil, however, species of the 
genus have already been found naturally infected with some arboviruses, such as Mayaro (MAYV) in Mansonia ven-
ezuelensis (Aitken, 1960), Chikungunya (CHIKV) and Zika virus. (ZIKV) in Mansonia uniformis (Diallo, 2011 and 
2012), revealing them to be potential vectors of these arboviruses. Places with major ecological changes promoted by 
man form breeding grounds for the reproduction of Mansonia, being abundant in these regions (Consoli, 1994; Figuerei-
do, 2007). Jaci Paraná, district of Porto Velho, Rondônia, Brazil, is a region that has undergone a lot of environmental 
changes, such as logging, creation of rural settlements and installation of extensive beef cattle that provided an area with 
suitable vegetation for breeding and high availability of food for the females to perform hematophagy, resulting in the 
high population density of Mansonia spp. (Costa, 2021). Therefore, this study aimed to evaluate the susceptibility of 
Mansonia humeralis mosquitoes to Zika virus in the district of Jaci Paraná (RO). For this, M. humeralis were collected 
between 2018 and 2020 in chicken coops of rural communities while performing blood meal on roosters. A total of 183 
pools containing 10 females of M. humeralis, separating head and thorax for analysis of the salivary gland, and 06 pools 
containing 10 male individuals were assembled, which were analyzed whole. The pools were tested for the presence of 
the Zika arbovirus by RT-qPCR and the positive pools were selected for viral isolation in Vero cell culture (CCL-81 - 
Cercopithecus aethiops) and confirmation of isolation by RT-qPCR. Among the pools tested, 10 pools of females and 
1 pool of males were positive, of which 8 with higher viral loads were selected for viral isolation. After 3 and 7 days 
of cell culture, cell supernatant was collected for detection of ZIKV. The supernatants obtained from the viral culture 
were positive for ZIKV, confirming that the pools obtained by the M. humeralis mosquito were infected by the ZIKV 
arbovirus and that it still had the capacity for viral replication in vitro. This is the first report of M. humeralis mosquitoes 
naturally infected with the ZIKV arboviruses. The results indicate the vectorial potential of M. humeralis mosquitoes 
in the transmission of this arbovirus, given the infection in the salivary gland. Therefore, effective measures to control 
these mosquitoes are necessary in the district of Jaci Paraná (RO) since this arbovirus is associated with microcephaly 
in neonates and there are no vaccines available, so the best method of prevention is vector control.
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CHALLENGES POSED TO DERMATOPHYTE TRICHOPHYTON RUBRUM  
BY SERTRALINE, A DRUG USED AS A HUMAN ANTIDEPRESSANT
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Abstract: 
The dermatophyte Trichophyton rubrum is responsible for most cutaneous infections in humans; its treatment is diffi-
cultdue to the insufficient number of antifungals available. New strategies are essential, however, their development is 
time-consuming and expensive. The repositioning of drugs already in use in medical practice emerges as compensation 
for discovering new drugs. The antidepressant sertraline (SRT) has drawn attention for its effects on several important 
fungal pathogens. Accordingly, this study investigated the inhibitory mechanism of sertraline in T. rubrum with the per-
spective of broadening the knowledge of its effects on eukaryotic cells and suggesting its future use for dermatophytosis 
treatments. We employed the Next-generation sequencing (RNA-seq) approach to identify the main responsively genes 
related to SRT effects. Thus, we identified the main effects of sertraline as the disturbance of maintaining the fungal cell 
wall and plasmatic membrane stability targeting ergosterol biosynthesis. Were also modulated genes encoding enzymes 
related to fungal energy metabolism, cellular detoxification, and defense against oxidative stress. Our findings provide 
insights into a specific molecular network interaction operative for the maintenance of metabolic stability perturbed by 
SRT drug showing relevant targets for its strategic use in the dermatophytosis field.
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GENOMIC SURVEILLANCE: CIRCULATING LINEAGES AND GENOMIC VARIATION  
OF SARS-COV-2 IN EARLY PANDEMICS IN CEARÁ STATE, NORTHEAST BRAZIL
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Abstract: 
In December 2019, the disease known as COVID-19, caused by the Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2), was detected in Wuhan, China, and was later declared as a pandemic by the World Health Organization 
(WHO) in March 2020. In Brazil, the first confirmed contagion of SARS-CoV-2 was in late February 2020 in the state 
of São Paulo. After this, the country rapidly became one of the epicenters of the pandemic with lineages B.1.1.28 and 
B.1.1.33 being the most prevalent in the early epidemic phase. Ceará state was considered the second highest in number 
of cases and death rate in the Northeast of Brazil by COVID-19. Despite that, the early dynamics of the pandemic in 
Ceará was not yet well understood due the low genomic surveillance of SARS-CoV-2 in 2020. In this study, we analyze 
the circulating lineages and the genomic variation of the virus in the state of Ceará. Thirty-four clinical RT-qPCR posi-
tive samples with the lowest cycle threshold in each month, from July 2020 to June 2021, were chosen for this study. The 
viral RNA was extracted from the clinical samples using QIAamp Viral RNA Mini kit, and the libraries were prepared 
using AmpliSeq Plus or COVIDSeq kits. Library was sequenced on MiSeq platform with MiSeq Reagent kit v2 (300-cy-
cle). The sequencing was performed at the Genomics and Bioinformatics Center (CeGenBio) of the Drug Research and 
Development Center (NPDM) of the Federal University of Ceará, Brazil. Sequencing data were processed and analyzed 
to perform variant calling and lineage classification. Variants were called using GATK were filtered according to the 
alignment against the reference genome. Sequences were assembled using Skesa and draft genomes were submitted to 
pangolin to obtain a lineage classification. Thirty-four genomes were sequenced and combined with sequences available 
in GISAID database from March 2020 to June 2021. Analyzing these sequences, B.1.1.33 was the most prevalent viral 
lineage in 2020, followed by B.1, B.1.212 and P.2. Among the lineages from January to July 2021, P.1 was most preva-
lent, followed by P.2. Analyzing the mutations, a total of 202 single-nucleotide polymorphisms (SNPs) were identified 
among the 34 genomes, of which 127 were missense, 74 synonymous, and 1 nonsense mutation. Some of the detected 
mutations were associated with increased transmission rate and severity. ORF1ab was the gene with more accumulated 
SNPs, followed by the spike protein with 70 and 23 missense mutations, respectively. Although our results have limita-
tions by low sampling numbers, they provide insight to better understanding and description of circulating lineages and 
genetic diversity, helping to elucidate how the pandemic course of the SARS-CoV-2 in Ceará happened.
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EXPLORING MAIZE RHIZOBIOME TO BUILD PLANT  
GROWTH-PROMOTING BACTERIAL CONSORTIA
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Abstract: 
Bacteria with potential to positively influence plant development found in the rhizosphere are known as plant growth 
promoting rhizobacteria (PGPR). The genetic and metabolic diversity of PGPR has been explored in order to obtain 
biotechnological solutions for agriculture. Understanding the practical use of PGPR allowed the formulation of bioinoc-
ulant products for agriculture. The objective of this work was to characterize PGPR strains from maize bulk soil and rhi-
zosphere from Piracicaba-SP, Brazil and to build efficient plant growth-promoting bacterial consortia. We assessed plant 
growth promotion (PGP) traits of the candidates in vitro (biological nitrogen fixation - BNF, CaHPO4 solubilization, 
production of indole-3-acetic acid - IAA, siderophores, ACC desaminase, exopolysaccharides and biofilm formation), 
and identified strains by partial 16S rDNA sequencing. To assemble consortia with PGP potential, our strategy aimed at 
exploring complementarity of both PGP traits evaluated in vitro and taxonomic diversity. The consortium compatibility 
was assessed through disk diffusion microbioassay and the best four consortia were selected to be further investigated. 
We evaluated the PGP potential of single strains and combinations of two, three and four strains inoculated in maize 
seeds and seedlings to test the additive effect of strains to promote plant growth in a greenhouse experiment. From the 
45 potential PGPR strains we isolated, 22 performed BNF, 8 solubilized CaHPO4, 25 produced IAA, none produced 
siderophores, 38 were ACC desaminase producers, 24 produced exopolysacharides and 39 formed biofilm. Three strains 
exhibited all PGP traits except siderophores production. We isolated and identified 12 Bacillus, 11 Streptomyces, 5 Pries-
tia, 3 Siphonobacter, 1 Arthrobacter, 1 Amycolatopsis and 1 Paenibacillus strains. Plants inoculated with Streptomyces 
sp. CNM02, Arthrobacter sp. CNM05, Siphonobacter sp. CNM19, and with the consortia Streptomyces sp. CNM02 + 
Priestia sp. CNM25 and Streptomyces sp. CNM02 + Bacillus sp. CNM34 showed significantly higher means of shoot 
and root lengths and dry weights compared to the non-inoculated control. Compared to the non-inoculated control, we 
observed increments between 13 to 25% in shoot, 1 to 25% in root lenghth, 16 to 55% in shoot dry weight and 1 to 16% 
in root dry weight. The consortia Streptomyces sp. CNM02 + Priestia sp. CNM25, showed increments of 2% and 17% 
compared to Streptomyces sp. CNM02 in shoot length and shoot weight, respectively, and 7%, 4% and 12% compared to 
Priestia sp. CNM25 in shoot length, root length and shoot weight respectively. The consortia Streptomyces sp. CNM02 
+ Bacillus sp. CNM34, showed an increment of 2%, 10% and 1% compared to Streptomyces sp. CNM02 shoot length, 
shoot weight and root weight respectively and 10%, 4% and 1% compared to Bacillus sp. CNM34 shoot length, shoot 
weight and root weight respectively. This work demonstrated the potential of strain Streptomyces sp. CNM02 both as a 
single inoculant and the additive effects of Bacillus sp. CNM34 and Priestia sp. CNM25 in consortia, whereas Arthro-
bacter sp. CNM05 and Siphonobacter sp. CNM19 were also promising PGPR for maize. The genome and the genes 
involved in PGP by these strains will be further investigated.
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Abstract: 
Pseudomonas aeruginosa is a versatile bacterium able to colonize a variety of niches, including water bodies, soil, plants 
and animals. In humans, it is an opportunistic pathogen of patients afflicted with cystic fibrosis, generating infections 
that are very difficult to treat. During these chronic infections, the bacteria form biofilms in the airways of patients. 
Biofilms consist of bacterial cells embedded in an extracellular matrix composed of polysaccharides, external DNA and 
proteins. This matrix is a physical barrier against attacks from the immune system and also maintains its inhabitants in 
a physiological state that renders them more resistant to treatment. Due to its recalcitrant nature, the molecular mecha-
nisms of biofilm progression have been extensively studied in recent years. The second messenger c-di-GMP possesses 
a central role in controlling this progression, with high levels being correlated with induction of a sessile phenotype and 
formation of the extracellular matrix. c-di-GMP is formed from GTP by a class of enzymes called diguanylate cyclases 
and is degraded by phosphodiesterases (PDE). Recent studies published by our laboratory showed that the enzyme 
DgcP, a diguanylate cyclase, physically interacts with FimV, a protein with a central role in the assembly of the type 
4 pilus (T4P). T4P is essential for the twitching motility and is necessary for the initial attachment of the bacterial cell 
to a surface in the initial stages of biofilm. Another relevant interaction found was of DgcP with an ECF σ factor. The 
function of this σ factor is not known, but previous work from our group showed that it is related with the regulation of 
transcription of genes belonging to the denitrification pathway up to the formation of nitric oxide (NO). NO is a known 
agent that induces the dispersal of biofilms by indirectly activating PDEs. The resulting degradation of c-di-GMP leads 
to dissolution of the extracellular matrix and change to a swimming phenotype. Therefore, we hypothesized that the in-
teraction between DgcP and the sigma factor is physiologically relevant, having a role in regulating the signals involved 
in the dispersal of the biofilm. By exposing mature biofilms to exogenous sources of nitrogenous compounds, we are 
able to study the response of different strains to dispersive agents. Preliminary results showed that biofilms of a strain 
lacking this particular sigma factor is less sensitive to exogenous NO, however it is more sensitive to exposure to nitrate. 
This indicates that the σ factor has a possible role either in the direct sensing of the NO or in keeping the internal levels 
of the compounds. The change in expression of genes in the denitrification pathway will be evaluated using qRT-PCR 
in order to further elucidate this question.
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Abstract: 
Caulobacter crescentus is an α-proteobacteria that goes through distinct morphologic transitions in its life, making 
it an excellent model for cellular cycle and genetic regulation. Under cold-shock, C. crescentus undergoes metabolic 
adaptations involving complex alterations in gene expression to sustain its viability, since RNA molecules tend to form 
stabilized secondary structures, making it difficult for them to be translated and degraded. The DEAD-box RNA heli-
cases family is the biggest and most studied in bacteria, and some of its members are commonly found in association 
with a multienzimatic complex known as the RNA degradosome. Because of their ability to remodel RNA structures and 
RNA-protein complexes, they participate in several processes of gene expression, RNA turnover, ribosomal biogenesis, 
and stress response. This work aims to investigate the role of RhlB in C. crescentus gene expression, and to characterize 
its RNA targets. Transcriptomic analysis showed 73 differentially expressed genes (DEGs) in the mutant rhlB strain 
at 30ºC, and 477 at 10ºC, indicating a more prominent role of RhlB at low temperature probably because of its ability 
to unwind secondary RNA structures. To identify specific RNA targets of RhlB, a coimmunoprecipitation involving 
cross-linking of a tagged RhlB with its binding transcripts was performed (HITS-CLIP), followed by sequencing of 
these RNAs. We identified 210 transcripts, from which seven were differentially expressed at 30ºC, and 57 at 10ºC. The 
decay rate of five identified mRNAs was measured in both temperatures, showing an overall stabilization of all tran-
scripts at 10ºC compared to 30ºC, and of three of them when compared between the wild type and mutant strains at 10ºC. 
Several genes belonging to the Fur regulon were also identified as downregulated in the mutant at 30ºC, which seems to 
be regulated independently of alterations in Fur levels. Our results suggest the participation of RhlB in several metabolic 
pathways, mainly at low temperatures. The alterations found in genes that are Fur-regulated suggest the participation 
of RhlB in a posttranscriptional regulation of these transcripts. Finally, the identification of specific RhlB targets allow 
further insights on this RNA helicase activity in the global gene regulation in C. crescentus.
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Abstract: 
Salmonella enterica serovar Typhimurium sequence type (ST)313 strains have been frequently associated to invasive 
non-typhoidal (iNTS) emergent infections broadly associated with multidrug-resistant (MDR) and high mortality world-
wide. ST313 strains are able to evade the gastrointestinal tract and reach the bloodstream of patients with comorbidities 
via unknown mechanisms. However, the ST313 in Brazil was recently detected, but only few studies have approached 
virulence mechanisms. Herein, we aimed (i) to evaluate the resistance genes and antimicrobial resistance profile of 
ST313 strains isolated from bloodstream, besides genomic and transcriptomic virulence plasmid analysis (ii) to compare 
S. Typhimurium ST313 strains from clinical and non-clinical sources isolated in Brazil via phylogenetic studies. The 
ST313 strains blood-isolated presented here resistance genes to the production of efflux pumps and the phenotypic pro-
file evaluated has shown resistance to antimicrobials, such as streptomycin, ampicillin, and kanamycin. In addition, the 
S. Typhimurium virulence plasmid (pSLT) was detected in the most strains carrying the spvABCDR operon associated 
with survival and multiplication of Salmonella spp. in macrophages, pefABCD responsible for adhesion to the intestinal 
epithelium. The rck and mig-5 plasmid genes have been associated with the resistance of S. Typhimurium to the host 
complement system and the neutralization of toxic compounds produced by macrophages, respectively. Phylogenetic 
analysis based on SNPs grouped the 24 strains of S. Typhimurium ST313 into three clusters denominated A, B and C. 
Specifically, group A is formed by 5 strains of ST313, 4 isolated from blood and only one isolated from human feces. 
Group B is formed by 6 strains of ST313 isolated from blood. Group C is formed by 13 strains of ST313 and was sub-
divided into C1 and C2. Group C1 grouped 4 strains of ST313 isolated from blood and group C2 is formed by 9 strains 
of ST313 isolated from human feces, food and the and the two reference strains, SL1344 (ST19) and D23580- isolated 
African ST313. In conclusion, strains of this ST do not show resistance found in Africa, on the other hand, resistance 
to the antibiotic commonly used in veterinary practice is observed. The plasmid containing genes related to survival in 
the host was evidenced. Additionally, the phylogenetic tree based on SNPs better separated the studied S. Typhimurium 
ST313 strains, showing that strains isolated from human blood in Brazil are genetically distinct from most strains isolat-
ed from human feces and food in the country and from the references of ST19 and African-isolated ST313.
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Abstract: 
Bacteria have evolved nanomachineries to secrete proteins in the extracellular milieu or directly inside other cells in 
order to interact with the environment, compete with other microorganisms or survive inside host cells. The type VI 
secretion system (T6SS) is a contraction-based nanomachinery widespread in Gram-negative bacteria. It is composed 
by a sheat-like structure of VipAB that propels an inner tube of polymerized Hcp containing a puncturing device (VgrG 
trimers and PAAR proteins) that allow their entry into adjacent cells, eukaryotic or prokaryotic. This secreted structure 
is associated with effector proteins that can perform different functions in target cells. The main role of T6SS seems to 
be in interbacterial competition. We have previously showed that Chromobacterium violaceum, a free-living Gram-neg-
ative β-proteobacterium and opportunistic pathogen in mammals, encodes a functional T6SS active under laboratorial 
conditions that has a pivotal role to outcompete other bacteria such as Pseudomonas aeruginosa, Escherichia coli, and 
Stenotrophomonas maltophilia. However, it still unclear which effectors are responsible for the T6SS toxicity. In this 
work, we aimed to identify these antibacterial T6SS effectors. Once T6SS effectors are varied and do not possess a dis-
tinguishing signature, we performed in silico analyzes of several ORFs with possible effector domains or with unknown 
function encoded in the main T6SS cluster or in the orphan vgrG clusters in the C. violaceum genome. We selected 12 
candidate ORFs that were cloned into pET28a, for cytoplasmic expression, and pET22b, that carries a signal sequence 
for periplasmic expression. For the bacterial toxicity assay, overnight cultures of E. coli BL21(DE3) harboring these 
constructions were serially diluted and spotted on plaques containing LB media or LB with 100 µM IPTG for protein 
expression. Expression of four proteins were toxic in E. coli after cytoplasmic expression: a probable phospholipase 
of Tle1 family (CV_2436) and three Rhs-containing proteins (CV_1238, CV_1239, and CV_1429). CV_1238 and 
CV_1429 do not possess any toxic domain annotated, but CV_1239 has a predicted RNAse toxin domain. Regarding the 
periplasmic expression, other four proteins were also identified: a protein with a peptidase and lysozyme-like domains 
(CV_0024), another phospholipase of Tle1 family (CV_3971), a probable NAD+ glycohydrolase (CV_3991), and a 
hypothetical protein with a metallo-beta-lactamase superfamily motif (CV_0028). In conclusion, our data indicate that 
C. violaceum has several T6SS-associated antibacterial effector toxins. Ongoing work is focusing on the Rhs effectors 
to prove their T6SS-dependent secretion and to uncover their toxic activity mechanisms.
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Abstract: 
Bioremediation is an ecological-friendly approach for treating contaminated industrial waste and impacted areas. How-
ever, the success of this approach depends on a better knowledge of species and genes related to the degradation of toxic 
compounds. In this context, this work describes two bacterial strains (1B and 3B), isolated from a microbial consortium 
enriched in a minimal medium containing petroleum as the unique carbon source. The environmental sample used for 
the consortium enrichment was obtained from production water from a Brazilian oil reservoir. This culture in a selective 
medium led to an enrichment of specialized consortium rich in biosurfactant genes. From this consortium, some hy-
drocarbonoclastic bacterial isolates were obtained. The whole genomes of these isolates were sequenced and analyzed 
using bioinformatics tools. The overall genome indices obtained through DNA-DNA hybridization (DDH), average 
nucleotide identity (ANI), and average amino acid identity (AAI) values were less than 79, 98, and 98%, respectively, 
suggesting a new Brevibacillus brevis subspecies. This data was corroborated by phylogenomics analysis using the 
automated Multi-Locus Species tree (autoMLST). Thus, we propose a new subspecies of Brevibacillus brevis. B. brevis 
oleosa, since these isolates presented the ability to degrade various hydrocarbons fractions, including heavy petroleum, 
and produce biosurfactants (emulsification index > 60%). The isolates show little growth without an oily hydrocarbon 
source, even in rich media, indicating a hydrocarbonoclastic metabolism that needs to be better investigated. Analysis 
of the genomes in BiosurfDB and eggNOG database showed the presence of several genes involved in hydrocarbon 
degradation and the biosurfactant production, liquesin. However, despite the positive results in assays for biosurfactant 
production, no secondary metabolism genes for biosurfactant were identified in a cluster using the Antismash platform, 
indicating a new biosurfactant, a new production pathway or new genome arrangements. The identification of the bio-
surfactant produced by the isolates is being carried out by Fourier Transform Infrared Furthermore, Spectrophotometer 
(FTIR) and gas chromatography coupled to mass spectrometry (GC-MS). Our results reveal that isolates 1B and 3B 
represent the novel subspecies, Brevibacillus brevis oleosa, specifically involved in hydrocarbon degradation and bio-
surfactant production. 
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Abstract: 
Microorganisms represent the largest biomass on the planet and are responsible for cycling various compounds, includ-
ing pollutants. The complete degradation of complex mixtures, such as hydrocarbons that cause environmental impact, 
depends on several players that present complementary metabolism since a single microbial species cannot degrade the 
entire range of compounds. Thus, obtaining microbial consortia and isolates is useful for better understanding hydrocar-
bon degradation pathways, and oil reservoirs may be an excellent source to identify species adapted for oil degradation. 
In this study, the metagenome enrichment approach was used to evaluate the degradation potential of a microbial con-
sortium obtained from the Brazilian pre-salt oil sample, aiming to identify the genes and genera involved in hydrocar-
bon degradation. Three consortia were obtained from a pre-salt oil sample using different culture mediums. The CoG 
consortium showed the highest values of emulsification index and oil degradation. This metagenome was sequenced and 
analyzed in MG-RAST, and BioSurfDB software, which showed that the genus Acinetobacter was dominant, account-
ing for most of the biosurfactant production and hydrocarbon degradation genes, showing some complete metabolic 
pathways. In addition, uncultured genera, Alcanivorax and Marinobacter were the genera that contributed most with 
genes related to flavin-binding monooxygenases, the main xenobiotic-detoxifying enzymes. Comparing our consortium 
with public metagenomes obtained from environmental samples contaminated with hydrocarbons, we observed that the 
non-metric multidimensional scale (NMDS) analysis distinguished groups formed according to the strategy of obtaining 
microbial communities (consortium or microcosm). In contrast, the hydrocarbon degradation pathways heatmap sep-
arated the branches according to the environment (contaminated and reservoir) from which the microbial community 
was obtained. The heatmap data suggested that the communities from reservoir samples present a higher abundance 
of hydrocarbon degradation genes, mainly for secondary metabolite production and aliphatic hydrocarbon degradation 
pathways, being the pre-salt consortium the more enriched in these pathways. In conclusion, this work obtained the 
first microbial consortium from the Brazilian pre-salt sample, enabling further studies on the metabolism inside the oil 
well. In addition, it demonstrates that using raw reservoir samples for petroleum microbiology studies enables a higher 
recovery of microorganisms able to degrade hydrocarbons and produce biosurfactants. 
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Abstract: 
Arboviruses are a global public health problem, most arbovirus infections are asymptomatic (BHATT et al., 2013; 
EPPES et al., 2017; NASCI, 2014), however, in symptomatic cases clinical diagnoses are difficult, as the symptoms of 
these arboviruses are similar. In this way, the fever resulting from ZIKV infection is characterized by being at a milder 
degree, approximately 37.8 - 38.5°C, and being similar to DENV fever (CHAN et al.,2016; JUNIOR et al., 2015), with 
more severe cases such as Congenital Zika Syndrome (CZS), which includes not only microcephaly and neurological 
problems. Interesting findings have shown the persistence of this virus in different biological fluids for a long time in 
patients. Therefore, the present study aims to investigate, in symptomatic patients, the kinetics of ZIKV RNA in samples 
of different biological fluids, such as serum, saliva whole blood, urine and sediment. The patient’s serum with symp-
toms of arboviruses were collected in two basic health units (UBS) located in the Novo Mundo sector (East region) and 
Guanabara (North region) present in the city of Goiânia, Goiás, Brazil. All samples were submitted to RNA extraction 
using the BioGene® Viral DNA/RNA Extraction K204 kit (produced by Bioclin). Subsequently, the RT-qPCR reaction 
was performed with the AriaMX instrument (Agilent). cDNA synthesis and RT-qPCR reaction were performed with the 
GoTaq® Probe 1-Step RT-qPCR System kit. The primers used were described according to the CDC. After confirming 
patients infected with Zika virus, 33 patients were selected to carry out the molecular detection of this microorganism in 
different body fluids. The collection of body specimens for this stage was performed between the 24th day and the 171st 
day after the onset of symptoms. Of the total samples tested for detection of ZIKV, 8 samples from different body fluids 
were positive. Among the positive samples for ZIKV, most 62.5% (5 samples) were from saline, the rest of the positive 
samples were from whole blood, serum, urine and sediment collected after centrifuging the urine. Sample 259 was posi-
tive for ZIKV in both serum and urine. In this sense, although the data are still preliminary, the presence of ZIKV seems 
to be more predominant in the saliva of infected patients. Another relevant fact is that this virus still remained in body 
fluids after several days of symptoms. Samples were collected from at least 59 days after the onset of symptoms (sample 
68) to 156 days (sample 399). In fact, these data point to the ability of ZIKV to remain in the patient’s body fluids, even 
after the elimination of symptoms, evidencing the need to follow the epidemiology of this disease, since many of these 
patients, although they have already been cured, are still hosts of this virus.
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Abstract: 
The sexually transmitted disease that has the highest incidence in the world is HPV (QUEROZ et al., 2005), moreover, 
the human papilloma virus is also considered the main factor for the development of cervical cancer, and this cancer is 
one of the most common among the world population, ranking second among those that most affect women (MUNÕZ 
et al., 2006; FRANCO et al., 1995). In this context, because it is a virus that has a considerable oncogenic power, it is 
necessary to develop more efficient methods for this virus detection, making it essential for rapid and early detection to 
avoid the progression of the disease or the death of the person in whom it was found the viral manifestation. Thus, this 
research aimed to design consensus primers for the detection of HPV (Human Papillomavirus) more incident in Brazil-
ian women in order to make the detection faster, cheaper and sensitive, detecting more than one type of HPV, and reduc-
ing considerably the amount of PCRs (Polymerase Chain Reaction) and processes needed to verify the presence of the 
virus. For this, initially HPV 6, 11, 16, 18, 31, 33, 35, 52, 53, 58 were selected through literature review, and the DNA 
sequences of the selected types were collected in the digital platform PaVE (Papillomavirus Episteme). Subsequently, 
these sequences were aligned using the MEGA 7.0 program to identify sequences common to all types of HPVs for the 
construction of degenerate primers. After the analysis, two regions were found to be closest and common to all types of 
HPV, the first one that would serve for the forward primer (CRGATYRCTBYBRTKNCA), starting at nucleotide 198 to 
215, cytosine and guanine (CG) content in 61.11% and average temperature of 61.76° C, and the second one that would 
serve for the reverse primer (BVSHGANSCHTATGGNGA), beginning at nucleotide 918 to 935, cytosine and guanine 
content (GC) in 50.00% and average temperature of 57.07°C, accounting for temperature difference equal to 4.69°C, 
both with degenerated bases in specific positions and tested on the Primer 3 Web site, which analyzes the efficiency of 
the primer, and were presented characteristics of good primers. Therefore, the primers associated with restriction en-
zymes form a set that should perform the amplification of the DNA of HPVs and make the distinction between the 10 
types of papillomavirus. In this context, this research achieved the proposed objectives from the construction of viable 
primers to detect the presence of 10 different types of HPVs with the focus on Brazilian samples. 
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Abstract: 
Introduction: Sexually transmitted infections (STIs) and recurrent instability in the vaginal flora generate great con-
cern for human health because they do not have specific diagnoses to prevent the process of spreading infections. The 
development of low-cost techniques for the specific identification of each microorganism in a cultivation-independent 
way reducing the time of the diagnosis is important for the correct treatment. Objective: In this sense, we optimized a 
one-tube Multiplex-PCR for the simultaneous and differential detection of Candida albicans and Gardnerella vaginalis. 
Methodology: The assay was tested on two endovaginally cervix swab samples that were collected from research par-
ticipants who signed an informed consent form as protocol approved by the UFCAT Research Ethics Committee under 
CAAE number 53266521.8.0000.0164. The DNA was extracted using nuclear lysis buffer containing 1M Tris, 3M 
NaCl, 0.5M EDTA, and incubation with proteinase K at 65°C for 4 hours. The DNA was analyzed by electrophoresis in 
0.8% agarose gel and quantification by spectrophotometry. For the optimization of the reactions the DNA was used at 
concentrations of 100 ng, 50ng, 25ng, and 10ng; 5µM of each forward and reverse primers were used for the GAPDH 
gene as endogenous control, and for C. albicans and G. vaginalis the concentrations of the primers were 10µM. The 
sequences of the targets were obtained from GenBank, and the alignment was performed by using Clustal web server to 
obtain the consensus and design the primers. Visualization of the multiplex reactions was performed using 1.2% agarose 
gel electrophoresis. Results and conclusions: The GAPH and C. albicans amplicons were observed for one of the two 
samples analyzed, and the best result was observed in the concentrations of 25 and 50 ng of DNA. Among the next steps 
are to increase sampling and include more microorganisms associated with STIs and/or with imbalances of the vaginal 
flora as targets of the PCR. Although microorganisms such as G. vaginalis do not interfere with the baby’s development, 
they can lead to premature births, indicating the importance of a proper diagnosis and treatment of such infections. So, 
here we demonstrated an accurate and rapid Multiplex-PCR in a single tube of reaction for identification of Candida 
albicans and Gardnerella vaginalis to promote an efficient treatment and low costs for the health system.
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Abstract: 
The global energy matrix continues to rely heavily on fossil fuels-based energy sources whose combustion plays a 
massive impact on the atmospheric GHG emission levels. The increasing climate concerns have guided the search for 
environmentally friendly technologies toward a sustainable development of the world. In this context, microbial cellular 
metabolisms can be rewired, creating efficient platforms to produce biofuels and biochemicals from renewable biomass 
in lignocellulosic biorefineries. However, several bottlenecks still need to be addressed to produce a robust microbial 
platform useful for future biorefineries. The goal of this project was to design an integrated system approach to: i. re-
wire the microbial metabolism and investigate the complex signaling network that regulates the xylose (C5) assimila-
tion and fermentation in Saccharomyces cerevisiae. Through dynamic two-stage evolution experiments coupled with 
whole-genome sequencing, we explore the dynamics of adaptation by natural selection in different parallel evolution 
and independent cell populations; ii. to engineer membrane transporter proteins through directed evolution strategies 
for improved xylose uptake and alleviated catabolic repression. In this topic, an automated HTS assembly of synthetic 
protein libraries of C5-transporters associated with genetically encoded xylose biosensors coupled to cell sorting by 
flow cytometry was developed; iii. the last approach aims to integrate biophysical, biochemical and multi-omics data 
to explore cell wall integrity and stress-induced by industrial inhibitors in yeast, focusing on phenolic compounds. As 
the major results, a genomic atlas with a set of 83 mutations that boost xylose assimilation was obtained and represents 
the most in-depth study so far conducted to elucidate the genetic basis of xylose metabolism in yeasts. The SNPs were 
confirmed by reverse engineering using a CRISPR/Cas system and the superior epistatic combinations were identified 
to design an efficient industrial strain platform. A strong selective pressure was identified in metabolisms associated with 
metal homeostasis, NADPH-dependent aldo-keto reductase, hexose transporters, subunits of transcriptional regulatory 
complexes, pentose phosphate pathway and other metabolisms. In parallel, transporters carrying mutations which confer 
improved xylose uptake were obtained by different approaches and molecular mechanisms were explored to identify 
residues associated with xylose affinity and translocation. And last, cellular responses against phenolic compounds from 
biomass were identified using Bio-AFM, FTIR, transcriptomics, proteomics and lipidomics approaches, elucidating 
a complex rearrangement of yeast cell wall architecture to survive the imposed stress. By using an integrated system 
approach, we successfully constructed a robust high-performing engineered yeast cell with a yield higher than 92 % of 
the theoretical maximum. The engineered strain was tested from laboratory to industrial plant scale, being an excellent 
biological platform for the insertion of new metabolic pathways aiming at the conversion of agro-industrial residues into 
renewable biochemicals. Currently, we are using state-of-art synthetic biology tools to introduce metabolic pathways 
to produce monoethylene glycol, malic and lactic acids. The use of combined approaches as highlighted above sorted 
important key bottlenecks towards engineering an efficient and robust microbial cell factory to be used in the bio-based 
industry.
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Abstract: 
Staphylococcus aureus é uma bacteria gram positiva da família Micrococcaceae, com morfologia de cocos agrupados, 
que está presente na microbiota humana, com a possibilidade de ser parasita ou comensal. Sendo uma das espécies mais 
virulentas dentro do gênero Staphylococcus. É um microrganismo que pode ser relacionado às doenças hospitalares, por 
acometer pacientes que estão internados e com a imunidade afetada, e ser transmitido dentro do ambiente de hospital. É 
de importância médica, por causar infecções de tratamento mais complexo, devido à resistência aos antibióticos e alta 
virulência. O objetivo do trabalho foi identificar os genes de resistência à antibióticos BlaZ e MecA e genes associados 
aos fatores de virulência IcaA, IcaD, SbnD, SfaD em isolados de Staphylococcus aureus. Foram utilizadas 30 amostras 
pertencentes à bacterioteca do laboratório de microbiologia da UNIVASF, coletadas de diferentes sítios de isolamento 
em pacientes do Hospital de Ensino Dr. Washington Antônio de Barros, localizado em Petrolina-PE. Para as análises, 
além das amostras foram utilizadas as cepas ATCC 25923 e ATCC 33591 como controles positivos das reações. Foi 
realizada extração de DNA pelo método de precipitação de proteínas com sal. A análise da presença dos genes foi real-
izada com a técnica de PCR seguida de eletroforese em gel de agarose. A amplificação do gene NUC foi utilizada para 
confirmar a espécie e esteve presente em 100% das amostras. Associados à resistência aos betas lactâmicos o gene BlaZ 
esteve presente em 26,66% das amostras, enquanto que para o gene MecA 100% das amostras foram positivas. Para 
os genes associados aos fatores à formação de biofilme, IcaA e IcaD, a presença de ambos foi confirmada em 100% 
das amostras. Relacionado com a produção de estafiloferrina A, o gene SfaD esteve presente em 100% das amostras, 
enquanto o gene sbnD, para produção de estafiloferrina B, esteve presente em 96,66%. As análises de genes para com-
preender quais mecanismos de resistência estão presentes na bactéria, permite a orientação de um tratamento adequado 
e mais específico. O gene mecA é um dos fatores para identificação de cepas de Staphylococcus aureus resistente a met-
icilina (MRSA), a qual é capaz de causar infecções de rápida evolução. Outro fator associado à piora dos pacientes con-
taminados é a presença de biofilme, que impede a ação plena do antimicrobiano, tornando o tratamento difícil. Apesar 
de todas as amostras terem apresentado os genes associados à presença do biofilme, as bactérias expressam o gene em 
situações específicas de estresse. A produção de estafiloferrinas também segue o mesmo padrão de ser influenciado pelo 
ambiente, e quando produzidas permitem melhor sobrevivência das bactérias dentro do hospedeiro. Esse tipo de rastrea-
mento de genes permite identificar diferentes cepas de bactérias que estão transitando dentro do ambiente hospitalar, e a 
circulação entre diferentes hospitais, auxiliando no controle. Além de permitir tratamento adequado, trazendo melhora 
ao paciente e impedindo a seleção de novas cepas resistentes.
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EPIDEMIOLOGY BASED ON WASTEWATER AS A SURVEILLANCE TOOL  
FOR INFECTIONS CAUSED BY ARBOVIRUSES 
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Abstract: 
Arboviruses are a group of diseases caused by arbovirus-infected hematophagous arthropods and represent a public 
health problem due to annual epidemics and recurrent outbreaks worldwide. Hence, surveillance services should prior-
itize epidemiological monitoring in the context of the pandemic, as it allows a better knowledge of the current epide-
miological scenario. Patients with symptoms of arboviruses are often tested only for Dengue, with cases of zika, chiku-
ngunya, and oropouche being underrated. Wastewater-based epidemiology (WEB) is a population-wide potential tool 
for monitoring a community’s chemical or microbiological profile. Thus, this work aimed to monitor the viral load of 
arbovirus in wastewater samples and develop a user-friendly web application to predict the number of infected people. 
The viral concentration was performed with polyethylene glycol before viral RNA extraction. Real-Time qPCR was per-
formed to detect and quantify viral RNA present in the samples. The viral concentration protocol and the set of primers 
efficiently identified arboviruses in wastewater. It is important to emphasize that in several samples analyzed; the highest 
viral load was from Zika, different from the data reported by public authorities where dengue data prevailed. Therefore, 
using the web application combined with the WBE methodology for detecting SARS-CoV-2 becomes an essential tool 
for epidemiological management and may be applied as a public policy strategy for monitoring ongoing outbreaks.
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HETEROLOGOUS EXPRESSION OF A DEFENSIN BIOINSPIRED IN  
MANIHOT ESCULENTA (MEDEF1B) WITH ANTIMICROBIAL POTENTIAL
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Abstract: 
With advances in biotechnology, the production of antimicrobial peptides (AMPs) by cloning genes in specific vectors 
for expression in prokaryotic and/or eukaryotic host cells has been widely used, given the need to produce these AMPs 
as an alternative to obsolete antibiotics, in view of to resistant microorganisms. The heterologous expression technique 
is also an alternative to the high costs of producing AMPs by chemical synthesis and the expensive in natura extraction 
processes that can limit their industrial applications and scientific research. In order to overcome these obstacles, the 
present work aimed to produce a new defensin bioinspired in Manihot esculenta (MeDef1b) with antimicrobial poten-
tial via heterologous expression, in order to optimize the production of AMPs for in vitro tests. Therefore, the DNA 
sequence encoding the C-terminal region of the MeDef1b protein, including the N-terminal region, was optimized for 
expression in a prokaryotic system and cloned into the pET28b expression vector (Novagen). Protein production was 
performed in a prokaryotic system (Escherichia coli strain BL21) in the form of protein fused to an N-terminal tail of 6 
histidines, and protein purification was performed through a combination of affinity and size exclusion chromatography 
steps. After purification, microdilution tests were carried out in broth with gram positive (Staphylococcus aureus ATCC 
25923) and gram negative bacteria (Acinetobacter baumannii ATCC 19606 and Klebsiella pneumoniae ATCC 13883, 
Pseudomonas aeruginosa ATCC 25923) of relevant public health interest, at concentrations of 1024, 512, 256, 128, 
64, 32, 16 and 8 μg.mL-1 (fractions obtained by affinity chromatography) and 128, 32, 16, 8, 4, 2, 1 μg.mL-1 (fractions 
obtained by size exclusion). The production and the purification process of the MeDef1b protein were satisfactory and 
showed a yield of 4.24 g.L-1 and 0.35 g.L-1 for purifications by affinity chromatography and size exclusion, respectively. 
The minimum inhibitory concentrations (MICs) were 256, 128, 256 and 256 μg.mL-1 for S. aureus, A. baumannii, K. 
pneumoniae and P. aeruginosa, respectively, for the protein fractions expressed by affinity chromatography. For the 
fractions expressed by gel filtration, there was no activity for the strains and concentrations tested. In view of this, the 
production of peptide by heterologous expression was promising, given the ability to overcome the lethality of AMPs 
through the biological system used (E. coli) and its instability in the face of physicochemical properties in the stage of 
post-translational modifications of the host. In addition, the new peptide showed capacity against microorganisms listed 
by the World Health Organization as emergencies for the development of new antimicrobial agents and in the following 
stages, other pre-clinical tests will be carried out in order to evaluate the safety and efficacy capacity for possible use of 
this new peptide as a new therapeutic agent.

Palavras-chave: Recombinant DNA; peptide production; minimal inhibitory concentration; purification; therapeutic 
agent
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REMASSING DIPLOID: A QUANTITATIVE TRAIT LOCI MAPPING PROTOCOL  
BASED IN MASS SELECTION AND BACKCROSSING OF DIPLOID  

SACCHAROMYCES CEREVISIAE
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Abstract: 
Quantitative Trait Loci (QTL) underlie complex phenotypes controlled by various regions in the genome. A QTL map-
ping is a way to discover these regions. Usually, a QTL mapping in Saccharomyces cerevisiae is done by crossing strains 
with opposite phenotypes, followed by selection of the best recombinants individually. However, to obtain a suitable 
map, it is necessary to do many cycles of crossings and selections, which is a laborious and time consuming work. To 
simplify QTL mapping in S. cerevisiae, we have developed a protocol based on Reiterated Mass Selection and back-
crosSing (ReMaSSing). From an initial crossing between a superior and inferior yeast strains, each ReMaSSing cycle 
generates over than 30.000 diploid recombinants that are selected through 12 generations under a stressful condition to 
enrich the adaptive alleles of interest. The enriched recombinants are once again crossed, sporulated and subjected to a 
new propagative selection under stress. Many rounds are reiterated leading to the refinement of QTL peaks. Throughout 
the protocol, the diploid state is maintained and directional crossings are conducted by the use of different allelic anti-
biotics resistance marks. As a proof of concept, we have used sugarcane bagasse lignocellulosic hydrolysate (LCH) as 
a stress condition to test the ReMaSSing protocol. The bioethanol PE-2_H4 strain was used as superior parental and the 
laboratory strain S288C represented the inferior. After 5 cycles of ReMaSSing with diploid populations, we conducted 
a whole-genome sequencing of bulk LCH-enriched and control populations. As a result, we mapped QTL regions in the 
chromosomes II (IRA1), IV (CRF1), X (VPS70), XII (HAP1), XIII (PHO84) and XIV (MKT1). Using CRISPR/Cas9 we 
swapped the S288C alleles for the ones of PE-2_H4 and tested their tolerance to the LCH. Through competition anal-
yses and microplate growth assays we confirmed the importance for LCH tolerance of amino-acids changes in Vps70 
(P199L), Mkt1 (D30G), Pho84 (L259P) and the deletion of a Ty element inserted in the gene HAP1. Most of those QTL 
have been already found in other studies, showing that our QTL mapping protocol has a gene level resolution. While 
VPS70 was related directly with the tolerance to LCH, other QTL peaks were enriched in both the LCH-selected and 
control (without LCH) pools, suggesting that these alleles must be generally advantageous for growth efficiency. Fur-
thermore, many QTL peaks of minor effect were also mapped and can be refined in future studies. The findings of this re-
search show that the ReMaSSing Diploid protocol is consistent and can be used to discover QTL regions in S. cerevisiae.
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MUTATIONS IN AN AMPD GENE CAUSE HYPERPRODUCTION OF Β-LACTAMASES  
AND RESISTANCE TO Β-LACTAM ANTIBIOTICS IN CHROMOBACTERIUM VIOLACEUM
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Abstract: 
A major public health problem nowadays is the emergence and dissemination of antibiotic resistance in pathogenic bac-
teria. Bacterial resistance to β-lactam antibiotics occurs by several mechanisms such as the production of β-lactamase 
enzymes that hydrolyze the β-lactam ring of distinct classes of β-lactam antibiotics. Hyperproduction of β-lactamases 
can occur due to mutations in ampD, which encodes an amidase enzyme involved in the peptidoglycan recycling. Pre-
viously, we demonstrate that the environmental opportunistic bacterium Chromobacterium violaceum is intrinsically 
resistant to β-lactam antibiotics by expressing two chromosomal β-lactamases, AmpC and CphA. In this work, we in-
vestigate how these β-lactamases are regulated by isolating spontaneous mutants resistant to the β-lactam antibiotic cef-
tazidime. We isolated spontaneous ceftazidime-resistant mutants of C. violaceum ATCC 12472 and determined by anti-
biogram that 19 isolates were also resistant to other β-lactam antibiotics. Using β-galactosidase assays, we determined 
that many of these mutants showed overexpression of ampC and cphA β-lactamase genes. The sequencing of three C. 
violaceum ampD genes (CV_0566, CV_1309, and CV_3031) performed in the 19 spontaneous mutants revealed that 
ten mutants had distinct mutations in a single ampD gene, the CV_0566. No mutation was found in the other two ampD 
genes. Single null mutant strains without each amidase gene were generated by allelic exchange. β-galactosidase assays 
revealed overexpression of ampC and cphA only in the ΔCV_0566 mutant strain, corroborating the data obtained with 
the spontaneous mutants. Overall, our data indicate that the occurrence of mutations in the CV_0566 gene encoding 
an AmpD amidase causes overexpression of the AmpC and CphA β-lactamases and high resistance of C. violaceum to 
several β-lactam antibiotics.
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RELATIVE EXPRESSION BY QPCR, TRANSCRIPTOME SEQUENCING,  
AND DIFFERENTIAL GENE EXPRESSION (DGE) ANALYSIS REVEALS INSIGHTS  

INTO LIGNOCELLULOSE DEGRADATION OF TRAMETES VILLOSA CCMB561
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Abstract: 
Lignocellulosic biomass is a sustainable and renewable raw material that can be used to obtain products with high val-
ue-added, such as chemicals, polymers, and biofuels. Wood-decay fungi have the ability to depolymerize all lignocel-
lulose constituents through the production of extracellular lignocellulolytic enzymes of high biotechnological interest. 
Genomic analyses have demonstrated that the white-rot fungus Trametes villosa CCMB561 has an arsenal of genes 
encoding enzymes that act on the degradation of lignin, cellulose, hemicellulose, and pectin, being a promising microor-
ganism for the conversion of plant biomass. Thus, the aim of this work was to evaluate the mechanisms involved in the 
degradation of lignocellulose by T. villosa CCMB561. The strain was grown in liquid culture media containing lignin 
(AL) or sugarcane bagasse (BG) as unique carbon sources, and Malt Extract (MEA) was used as control. After 7 days 
of inoculation, total RNA was extracted from mycelium for qPCR and relative quantification analysis of Laccase (Lac), 
Lignin Peroxidase (LiP), and Manganese Peroxidase (MnP) enzymes. Total RNA was also submitted to enrichment 
of messenger RNAs (mRNAs) and transcriptome sequencing on the NextSeq 500 System (Illumina). The sequenced 
reads were trimmed to remove adapters and low-quality bases. The transcriptome mapping in the reference genome, 
counting of mapped reads and differential gene expression (DGE) analysis were performed using the Tophat2 software, 
the HTSeq script, and the DESeq2 package, respectively. Relative expression by qPCR showed the gene encoding LiP 
had its expression significantly increased when the fungus was grown on lignin (AL), while MnP-encoding gene had its 
expression increased in AL and BG when compared to the control. Regarding Laccase, the highest gene expression was 
detected in sugarcane bagasse cultivation. All these genes are directly related to the lignin breakdown. Transcriptome 
sequencing and DGE analyses revealed that AL induced the greatest changes in T. villosa gene expression (6,859 genes 
up- or down- regulated). Among the 20 most differentially expressed genes, three encoding Cytochrome P450 (CYP), 
two encoding Nitroreductases, and one encoding Homogentisate 1,2-dioxygenase were up-regulated. These genes have 
been reported as part of the enzymatic and oxidative process of lignin depolymerization, catabolism of aromatic com-
pounds and reduction of organic pollutants. Also, the growth on AL simultaneously up-regulated genes participating in 
the degradation of all lignocellulose constituents and reveals the ability of T. villosa CCMB561 to perform the degrada-
tion of all plant biomass polymers. One LiP-encoding gene identified in sugarcane bagasse cultivation is among the 20 
most differentially expressed genes. Among the genes encoding Carbohydrate Active Enzymes (CAZy), those involved 
in the depolymerization of lignin and cellulose were the most differentially expressed in BG. Finally, our results indicate 
that growth on both AL and BG induce the expression of genes encoding enzymes that actively participate in ligno-
cellulose degradation. Furthermore, the fungal response to each substrate was distinct, revealing that, according to the 
substrate composition, the CCMB561 strain has different patterns for the plant biomass breakdown.
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GENETIC CONTEXT OF BLAKPC-2 IN CARBAPENEM-RESISTANT  
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Abstract: 
Carbapenem-resistant Klebsiella pneumoniae (CRKP) represents one of the major public health problems worldwide, 
especially high-risk clones known for their ability to rapidly spread several determinants of antibiotic resistance, in-
cluding genes encoding carbapenemases. In Brazil, the most prevalent carbapenemase is KPC (Klebsiella pneumoniae 
carbapenemase) enzyme. In K. pneumoniae, the blaKPC gene is located on transferable plasmids and transposons, asso-
ciated with insertion sequences (IS), thus facilitating the spread of inter and intraspecies resistance. The result of this 
transposon-directed transfer can lead to different rearrangements and KPC plasmid types. The most common mobile 
element containing blaKPC is a transposon of the Tn3 family, Tn4401. The association of blaKPC variants with specific iso-
forms of Tn4401 can be used as a genetic marker to distinguish different plasmids carrying the blaKPC gene. Therefore, 
this work aimed to characterize the context of the gene blaKPC-2 of nine genetically diverse Brazilian CRKP strains. First, 
we sequenced the genomes of representative strains, belonging to different pulsotypes and sequence types (ST) isolated 
in an extensive epidemiologic study in hospitals from the State of Espírito Santo, Brazil, using the Illumina HiSeq2500 
platform. The genomes were assembled and later annotated automatically. The genomic regions containing the blaKPC-2 
gene were carefully analyzed and manual annotation was carried out when necessary, using the System for Automated 
Bacterial Integrated Annotation (SABIA). It was evidenced that a region encoding tnpR-tnpA-ISKpn7-blaKPC-2-ΔISK-
pn6, corresponding to Tn4401, was conserved and present in most strains (A1/ST437, A2/ST437, A3/ST437, E/147, C 
/ST394, D/ST384), suggesting that the blaKPC-2 gene could have been transferred between different CRKP strains, not 
being restricted to a particular subtype or ST. However, the blaKPC-2 gene was in a different genetic context in the strain 
A5/ST11, being as follows: resolvase-ISKpn27-blaKPC-2-ISKpn6-KlcA-Tn5403. Tn5403 contains only genes related to 
its transposition, being known to transpose in a replicative manner, and acting as a force of “reorganization” within plas-
mids of clinical isolates. This mobile genetic element was initially described in environmental strains of K. pneumoniae 
and related species. However, the fact that here we found blaKPC-2 associated with Tn5403 is worrisome, since the A5/
ST11 is a multidrug-resistant clinical strain belonging to CC258, which includes high-risk clones. In conclusion, our re-
sults provide evidence of a plasmid with novel features concerning the carriage of the blaKPC-2 gene in a strain belonging 
to ST11 (CC258). Our data reinforce the importance of using genome-based tools for epidemiological surveillance of 
CRKP, as these, in addition to contributing to the understanding of the molecular evolution of these strains, can assist 
in tracking and controlling the spread of CRKP, which currently represents a major challenge for global public health.
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Abstract: 
Iron is an extremely important element in biology, participating in several essential functions, being found integrating 
heme groups as well as in the formation of Fe-S clusters. Its presence in Fe-S clusters makes it one of the most essential 
cofactors incorporated into various proteins, which play crucial roles in a variety of biochemical processes and gene 
regulation. The biogenesis of Fe-S clusters is carried out by two highly conserved pathways (Isc and Suf) which may 
vary depending on the organisms, and their regulation is mediated by the transcriptional regulator IscR that belongs to 
the Rrf2 family. IscR can be found in two ways: with [2Fe-2S] (holo-IscR), or without the cluster (apo-IscR), and both 
forms act on gene regulation by repressing or activating transcription, generally by binding to different motifs (type I 
and II) on the promoter regions. Caulobacter crescentus is a non-pathogenic Gram-negative bacterium belonging to the 
α-proteobacteria group, in which the biosynthesis of Fe-S clusters is encoded by a single operon formed by genes of both 
pathways (Isc and Suf), being iscR the first gene of this operon. This work aims to identify which genes are part of the 
IscR regulon and the respective binding motifs in C. crescentus. For this, we initially constructed a ?iscR strain that was 
used in a global transcriptomic analysis by RNA-Seq to identify the differentially expressed genes (DEGs). We observed 
111 DEGs (64 upregulated and 47 downregulated), the upregulated ones are related to the metabolism and transport of 
amino acids and carbohydrates, in addition to genes related to cell motility, energy production, and conversion. Regard-
ing the downregulated, we found the majority related to the transport and metabolism of lipids and coenzymes. Valida-
tion of the RNA-Seq was performed by qRT-PCR of some of the DEGs. We also performed an in silico analysis using 
the MEME program (Multiple Expectation maximizations for Motif Elicitation) of the promoter region of genes that 
were upregulated in the mutant strain, and we were able to identify a possible IscR binding site around the -35 region 
of these promoters. These data were confirmed by the results of β-galactosidase assays of a strain carrying an iscR/lacZ 
fusion in plasmid pRKlacZ290, showing an increase in its expression in the mutant strain. We also tested conditions of 
oxidative stress and iron deficiency, but no difference in iscR expression was observed. Further experiments, such as 
Electrophoretic Mobility Shift Assay (EMSA) and Chip-Seq, will be carried out for the confirmation and validation of 
the IscR binding motifs in Caulobacter crescentus.
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AMONG STAPHYLOCOCCUS SPP. AND MAMMALIICOCCUS SPP.  

ALONG A SWINE MANURE TREATMENT PLANT
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Abstract: 
Staphylococcus spp. and Mammaliicoccus spp. colonize the skin and mucosa of humans and other animals and are re-
sponsible for several opportunistic infections. In livestock, large amounts of antibiotics are inadvertently used to prevent 
infections and promote faster animal growth, which can lead to selection of resistant strains. In this work, we aimed to 
analyze the distribution of species, genetic diversity, antimicrobial susceptibility, and resistance genes of 106 strains, 
belonging to the genera Staphylococcus and Mammaliicoccus, isolated from different points of a swine manure treat-
ment plant from the State of Minas Gerais, using mannitol salt agar. The strains were identified by MALDI-TOF and 
sequencing of the tuf gene. Their genetic diversity was assessed by GTG5-PCR and construction of dendrograms with 
Bionumerics v. 3.2.7. Antimicrobial susceptibility to nine antimicrobials was evaluated by disk diffusion and the pres-
ence of 11 antimicrobial resistance genes was investigated by PCR. Ten species were identified: S. arlettae (4%, n=4), S. 
cohnii (42%, n=45), S. equorum (6%, n=5), M. lentus (3%, n=3), S. nepalensis (5%, n=5), S. saprophyticus (7%, n=7), 
M. sciuri (1%, n=1), S. simulans (28%, n=30), S. xylosus (5%, n=5) and S. warneri (1%, n=1). The strains showed high 
resistant to chloramphenicol (98%), erythromycin (79%) and tetracycline (73%), followed by resistance to gentamicin 
(46%), ciprofloxacin (42%), cefoxitin (18%), sulfamethoxazole-trimethoprim (12%) and linezolid (4%). Although the 
use of chloramphenicol is prohibited in Brazil due to its toxicity, the high levels of resistance to this antimicrobial may 
be linked to the use of a derivative drug, florfenicol, which is allowed to be used in veterinary medicine. Indeed, this 
phenotype was correlated with the ubiquity of the fexA gene, conferring resistance to florfenicol, found in all strains. 
Other widespread genes included those conferring resistance to erythromycin (ermC, 86% and ermA, 18%), phenicol 
and lincosamide (cfr, 85%), gentamicin (aac6-aph2a, 80%), sulfamethoxazole-trimethoprim (dfrG, 77%), tetracycline 
(tetK, 74% and tetM, 19%), beta lactams (blaZ, 58%) and ciprofloxacin (norA, 37%). Alarmingly, 40% of the strains car-
ried the mecA gene, conferring resistance to methicillin, a great concern among staphylococcal resistance. The strains’ 
genetic profile, characterized by GTG5-PCR, revealed that some strains remained throughout several points of bacterial 
isolation of the treatment plant, with a likely exchange of resistance genes during the process. The presence of resistant 
bacteria and resistance genes along a manure treatment plant highlights the risks of indiscriminate use of antimicrobials 
in livestock, and possibility of contamination of people in direct contact with these animals and the soil since many of 
the strains isolated are potentially zoonotic and the effluent is used as biofertilizer in the surrounding soil.
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A LUXR FAMILY TRANSCRIPTION FACTOR ENCODED IN A LAPA-LIKE  
ADHESIN CLUSTER CONTROLS BIOFILM AND CELL AGGREGATION  

IN CHROMOBACTERIUM VIOLACEUM 
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Abstract: 
Biofilms are structured microbial communities that confer bacteria protection against many insults such as antibiotics. 
RTX adhesins are bacterial virulence factors secreted by type I secretion systems (T1SSs) that act in host cell adhe-
sion/invasion and cell-surface and cell-cell interactions during biofilm formation. Chromobacterium violaceum is a 
Gram-negative beta proteobacterium that causes serious infections in humans. Previously, we found in the genome of 
C. violaceum a gene cluster encoding a T1SS (CV_0306/07/08) and an RTX LapA-like adhesin (CV_0311) that are 
required for self-aggregation and biofilm initiation in C. violaceum. Here, we investigated whether the transcription fac-
tor (TF) CV_0305 encoded in this Lap cluster contributes to biofilm formation in C. violaceum. We constructed a null 
mutant strain ΔCV_0305 and performed static biofilm formation assays at different growth stages. When compared to 
the wild type strain, the ΔCV_0305 mutant strain showed a reduced biofilm in the initial phase and an increased biofilm 
at the late stages, suggesting that the TF CV_0305 acts in different stages during the process of biofilm formation. Cell 
aggregation assays indicated that the ΔCV_0305 mutant strain did not form cell aggregates. The similar biofilm and 
aggregation phenotypes observed for ΔCV_0305 and ΔCV_0311 suggest that the TF CV_0305 could act as a positive 
regulator of the adhesin CV_0311. We have demonstrated previously that the adhesin CV_0311 is found in the superna-
tant of the culture of C. violaceum WT in high density. To evaluate the role of CV_0305 in this process, we performed 
SDS-PAGE analysis using the supernatant of the ΔCV_0305 mutant. We did not find a band referring to the adhesin 
CV_0311 in the supernatant of ΔCV_0305 at high cell density. In conclusion, we determine that the TF CV_0305 is 
required for biofilm and cell aggregation in C. violaceum. Works are underway to determine if CV0305 controls these 
processes by acting as a direct activator of the genes encoding the T1SS and the LapA adhesion. 
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GENOMIC ANALYSIS OF UV-INDUCED MUTATIONS IN PSEUDOMONAS AERUGINOSA
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Abstract: 
Pseudomonas aeruginosa is an opportunistic pathogen of great medical importance. DNA damage in this organism 
activates a DNA damage response mechanism, the SOS response, which can generate resistance mutations. UV light 
can lead to the formation of DNA lesions, which activate the RecA protein and so LexA (SOS regulon repressor) auto-
cleavage, releasing the transcription of the SOS genes. Among the SOS genes there are those that encode low-fidelity 
polymerases responsible for introducing mutations in the genome. The extent of these mutations in the genome is not 
well known. Our objective was to analyze the effects caused by DNA damage after UV light mutagenesis induction 
experiments, through whole genome sequencing. The mutagenesis induction experiments with UV light were performed 
in two different conditions. In the first condition, cells were irradiated with an acute dose of 400 J/m2 of UVC which 
results in 0.1% survival in triplicate. The second condition consists of multiple UV irradiations. Cultures were irradiated 
with 45 J/m2 UVC light which results in 10% of survival. 10 cycles of irradiation with UV light were performed under 
these conditions for these cultures. Random survivors were selected from both conditions and had their DNA extracted 
using the Promega “Wizard® Genomic DNA Purification” kit for sequencing. For sequencing, libraries were construct-
ed using the Illumina® DNA Prep kit. 2X75 bp readings were then performed on the NextSeq device. The identification 
of mutations was performed through the SNP detection pipeline of the Geneious R11 program (Biomatters), using the 
PAO1 strain genome deposited at the NCBI as a reference. We identified a single mutation in one of the strains that 
suffered the acute dose of UVC (400 J/m2) where an insertion occurred in a tandem repeat, where a sequence that had 
3 repeats of CGG passed to 4 repeats. The most common mutations caused by UV are C to T type substitutions at a py-
rimidine dimer site. Although the mutation that occurred in the experiment strain, is not a UV “signature mutation”, it is 
possible that it did occur due to irradiation, as the affected sequence is a possible site of formation of pyrimidine dimers. 
The single mutation found in our experiment confirms existing data on low UV-induced mutation rates in Pseudomonas 
aeruginosa, with a ratio between UV-induced mutations and spontaneous mutations around 2-fold. P. aeruginosa, like 
many bacterial species, has the imuABC cassete that encodes for translesion synthesis polymerases and deletion of such 
polymerases further reduces mutation rates in this species confirming that mutagenesis is imuABC dependent. However, 
these low mutation rates are not compatible with the much higher mutation rates in other species that have such poly-
merases. Our hypothesis is that these low mutation rates are derived from the other two regulons, prt and alp, which 
compete with the canonical SOS in this species, and, by directly or indirectly promoting cell lysis, decrease survival 
rates and consequently the mutation rates.
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DISTRIBUTION OF GROUP I INTRONS IN FUNGAL MITOGENOMES  
AND ITS POSSIBLE ASSOCIATION WITH LIFESTYLES
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Abstract: 
Group I introns (GII) are small RNAs (250-500 nt) capable of catalyzing their own splicing from the precursor RNA. 
They are widely distributed across the tree of life and specially found in fungal mitochondrial genomes, but until now, 
just a few works were carried out to understand their possible impact on fungal physiology. The recent literature sug-
gests that the presence of few or the absence of GII might be associated to higher rates of mitochondrial fusion, greater 
virulence and antifungal resistance profiles. The purpose of this work was to identify the mitochondrial genes with great-
er presence of introns and investigate if there is some association between the distribution of GII and fungal lifestyle, for 
that, the intron presence pattern was analyzed in 202 fungal mitogenomes belonging to species of different taxonomic 
classes and lifestyles. These mitochondrial genomes were obtained from MitoFun database and different fasta files of 
each mitochondrial gene were used as input file for the search of group I and II introns by using the online tool RNAwea-
sel to find and classify these elements according to their secondary RNA structure. Our analysis showed that cox1, cob 
and rnl are the mitochondrial genes most invaded by group I introns in fungi. According to the revised literature, it is 
possible to speculate that these genes have their expression modulated by the splicing efficiency of their introns, as well 
as they might “allow” intron splicing more easily than other mitochondrial genes due to a slow ribosome translocation in 
their mRNA. A phylogenetic analysis showed that the distribution of these introns appears to be sporadic, both between 
different classes and in different species belonging to the same class, behaving as a homoplasic character, probably 
resulted by independent gains and losses of such element. The pairwise Wilcox rank sum test, used here for statistical 
validation, revealed that for our sampling, the pathogenic fungi have, on average, less autocatalytic introns, suggesting 
that the distribution of these elements may be related to fungal lifestyle and to different evolutionary pressures, such as 
high temperature of endothermic hosts, the clonal reproductive mode, as well as the uniparental mitochondrial inheri-
tance pattern of some pathogens. Such characteristics have already been associated with the occurrence of fewer introns 
by other authors, but they still need more experimental observations. Group I introns have been known by the scientific 
community for decades, but during most of these years they have been seen as mere genomic parasites and, since they 
self-splice, they would not influence the fitness of their hosts. However, at the light of new findings on group I introns 
distribution, a new look at these autocatalytic elements is required, not ignoring their possible physiological function 
that allowed them to thrive amid the scrutiny of natural selection over millions of years and the potential of molecular 
markers they hold for medical mycology.
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FROM THE GENUS CRYPTOCOCCUS AS POSSIBLE MOLECULAR MARKERS  
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Abstract: 
The Cryptococcus neoformans and Cryptococcus gattii species complexes are composed of pathogenic fungi that kill 
more than 180,000 people annually worldwide, with meningoencephalitis as the main symptom of cryptococcosis. The 
C. neoformans generally behaves as an opportunistic pathogen, affecting immunocompromised patients with HIV/
AIDS, cancer and transplant recipients, and encompasses four genotypes (VNI to VNIV), while C. gattii frequently 
affects immunocompetent hosts and is divided into VGI to VGIV genotypes. Recently, a multilocus phylogenetic study 
has challenged the existence of only two species. Thus, seven species were proposed: C. neoformans (VNI and VNII), 
C. deneoformans (VNIV), C. gattii (VGI), C. deuterogattii (VGII), C. bacillosporus (VGIII), C. tetragattii (VGIV), C. 
decagattii (a hybrid between VGIV and VGIII). The VNIII genotype would be a hybrid between C. neoformans and C. 
deneoformans. Characteristics such as virulence and susceptibility to antifungal agents may vary within each species ac-
cording to the fungal genotype. These genotypes can be currently distinguished by PCR-RFLP of URA5, which is more 
expensive and more time consuming than a simple PCR reaction, furthermore, the RFLP result may be subjective, lead-
ing to misidentifications. Therefore, a faster differential diagnosis with specific molecular markers is urgently required. 
In this context, Group I mitochondrial introns can be a potential target for distinguishing between the molecular types 
of these yeasts given that they have polymorphisms regarding their presence and base pairs sequence. Based on this, 
this work aimed to evaluate the presence of group I introns in the mitochondrial genes LSU, cob and cox1 from fungal 
isolates of the genus Cryptococcus and investigate the potential use of these genetic elements as molecular markers for a 
species-specific diagnosis, in addition to studying their origin, distribution and evolution through phylogenetic analyzes. 
For that, primers were designed based on gene sequences available in previous studies, being two pairs of primers for 
the cob gene, and four pairs for the cox1 gene. The data concerning the LSU gene were obtained from the literature. 
Introns were amplified by PCR, visualized by agarose gel electrophoresis and sequenced. The obtained results allow 
us to conclude that the C. neoformans species complex has on average fewer introns in its mitogenome and that there 
is a large polymorphism of these elements between and within the genotypes concerning the introns size, which makes 
a single PCR for genotype-specific diagnosis impossible. However, a multiplex-PCR with two primer pairs for species 
differentiation within each cryptic complex is still possible. Here we propose a species-specific diagnosis in which the 
cryptic complexes would first be differentiated on CGB agar in C. neoformans and C. gattii and after that their DNA 
would be used in a PCR-multiplex for species differentiation based on the polymorphism of their mitochondrial introns. 
Besides their use as potential molecular markers for species-specific diagnosis, mitochondrial introns of pathogenic 
fungi are considered important therapeutic targets, since their self-splicing is vital for the fungal cell and they are absent 
in the human genome.
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MULTI-LOCUS PHYLOGENY OF GIBELLULA (ASCOMYCOTA: CORDYCIPITACEAE) 
ASSOCIATED WITH MORPHOLOGY AND ECOLOGICAL TRAITS REVEALS  

A NEW SPECIES OF THE SPIDER-DEVOURING FUNGUS
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Abstract: 
Fungal parasites infecting spiders are a ubiquitous group that occur in forests worldwide and can affect hosts survivor. 
The genus Gibellula (Ascomycota, Cordycipitaceae) is a specific parasite of spiders that has approximately 50 species, 
but little is known about its host diversity due to difficulties to identify the hosts after fungal infection. Most Gibellula 
species have a limited dataset of genomic data published, which makes the combination of molecular and morpho-
logical characters essential to characterize new species. This study aims to broaden the knowledge about the diversity 
of Gibellula, the host-parasite association, and provides the most comprehensive phylogeny of the genus to date. We 
proposed a new species of Gibellula, G. aurea sp. nov., based on morphological, ecological and molecular traits. We 
collected 62 dead spiders parasitized with G. aurea (December 2019-June 2021) at Sítio São Luís, Pacoti, Ceará, Brazil 
(04°13’21”S, 38°53’35”W), a remnant of Atlantic Forest within a semiarid region. Gibellula aurea exhibits a combi-
nation of golden-yellow hyphae that covers the host completely and white conidiophores that emerges along the synne-
mata (a compact bundle of conidiophores that bear conidia at the apex) or directly from the host. For molecular iden-
tification, we extracted the genomic DNA directly from fungal synnemata (n=7) and amplified four genomic regions: 
small and large subunit nuclear ribosomal DNA, translation elongation factor, and RNA polymerase II second largest 
subunit. We performed a multigene phylogenetic reconstruction based on the concatenated sequences of the markers, 
and both Maximum Likelihood (1000 bootstraps) and Bayesian Inferences (10 million generations) displayed similar 
topologies. We used Hevansia novoguineensis as an outgroup, the phylogenetically closest species of Gibellula. Trees 
included a final alignment of 4,279 bp and 91 sequences and showed that G. aurea forms a well-supported clade (ML 
bootstrap=87% and BI posterior probability=1), closer to G. flava, G. gamsii, G. leiopus, G. longispora, G. nigelii, G. 
pigmentosinum, and G. pulchra. Additionally, nine formerly described species split into six clades: G. longispora, G. 
pigmentosinum, G. gamsii, G. cebrennini/G. fusiformispora, G. dimorpha/G. trimorpha, and G. scorpioides/G. penicil-
lioides. Intra and interspecific genetic distances revealed that G. aurea displayed lower intraspecific than interspecific 
distances (SSU: F(1,118)=81.69, p<0.001; LSU: F(1,593)=961.984, p<0.001; TEF: F(1,1324)=5632.558, p<0.001; RPB2: F(1,210)= 
2559.837, p<0.001), which confirms the hypothesis of a new species initially suggested by morphological and phylo-
genetic analyses. A conspicuous and extensive barcode gap is displayed for the markers, showing they were sufficient 
to recognize distinct species within the genus. We observed variation in the host morphology across specimens and 
detected G. aureaparasitising two families of spiders, Anyphaenidae and Corinnidae, that are not closely related. Spider 
hosts parasitized by G. aurea have been invariably found attached to the abaxial surface of understorey leaves up to 3m 
high, regardless of the host it is infecting. The consistency of the death location of G. aurea hosts indicates a recurrent 
behaviour given the heterogeneity of host ecologies exhibited by these host groups. However, it is still not clear to what 
extent the place where hosts die can favour the parasite’s fitness.
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Abstract: 
Some entomopathogenic fungi induce behavioural modifications in their hosts, favouring parasite transmission. Since 
behaviour is a complex phenotype modulated by several genes, investigating candidate genes related to parasitism is a 
promising strategy for understanding the mechanism of behavioural manipulation. We investigated this interaction by 
exploring which genes are involved in the pathogenic process of Gibellula pulchra, using whole-genome sequencing. 
Gibellula parasite spider hosts that die attached to specific sites in the vegetation, which can be a hint for a behavioural 
manipulation induced by the fungus. We collected spiders parasitised by G. pulchra at Reserva Biológica Augusto 
Ruschi, Santa Teresa, ES, Brazil (19°54’44.9’’S; 040°33’12.0’’W). We removed fungal aerial structures - hyphae and 
spores - from spiders and used the fungi from 30 spiders to estimate the genome size by flow cytometry and from 146 
spiders for genome sequencing. Flow cytometry was performed using spore suspensions of G. pulchra and Aspergillus 
niger(standard) stained with propidium iodide. Samples were analysed in BD-FACScan Cytometer. For each replicate, 
30,000 fluorescent events were captured. From the median fluorescent intensity of the gated spores, we obtained genome 
sizes by calculating the rCV. For genome sequencing, we extracted the DNA of G. pulchra (1204.17 ng) and sequenced 
using the HiSeq 2500 (Illumina) and MinION (Oxford Nanopore) platforms. Genome assembly was performed with 
single and hybrid approaches. The quality and completeness of each assembly were assessed using QUAST and BUS-
CO, and genome annotation was carried out using the MAKER2 and ab initio gene prediction software. Identification of 
genes and prediction of proteins were based on the expressed sequence tags (ESTs) and proteins from Cordycipitaceae, 
obtained from NCBI. Gene ontology functional annotation was performed in GOfeat. Genome size estimated by flow 
cytometry for G. pulchra ranged from 26.60 Mb to 31.79 Mb. The hybrid genome assembly of G. pulchra generated by 
the MaSuRCA-Purge_dups workflow showed higher quality, with higher N50 and lower L50, 95.9% of completeness, 
GC content of 48.91%, and 269 contigs, which increased the quality of data and inferences. We obtained a genome with 
a size of 27.846 Mb, corresponding to what was estimated by flow cytometry, and matching coverages of 1261x and 
218x for Illumina and MinION platforms, respectively. From GOfeat output, we found 4,397 hits of putative proteins 
related to biological processes, 4,682 to cellular components, and 7,409 to molecular functions. We detected genes able 
to encode proteins involved in cuticle degradation (chitinase activity GO:0004568), stress management (heat shock 
protein binding GO:0031072), adaptation to the haemolymph (sterol reductase activity GO:0050614), locomotory (pro-
tein tyrosine phosphatase GO:0004725; 1904096) and behavioural activities (alkaloid metabolic process GO:0009820). 
The genome of G. pulchra exhibited genes described as candidates for steps of parasitism and some candidates with 
potential roles in behavioural manipulation mechanism, previously detected in other manipulated hosts by fungus. It 
is necessary to verify if some genes not detected are indispensable for parasitism or host manipulation. This is the first 
genetic evidence to understand whether G. pulchra is a manipulative fungus and the proximate mechanism underlying 
this strategy of parasitism.
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Abstract: 
The Caatinga comprises an exclusively Brazilian biome characterized by covering a seasonally dry forest adapted to 
irregular rainfall and prolonged periods of drought, typical of the semiarid climate. Soils harbor microbial communities 
that play key roles in ecosystems, and semiarid soils specifically host microorganisms capable of withstanding contrast-
ing climatic variations, from the incidence of precipitation to high temperatures and drought. This work aimed to char-
acterize the chemical properties and analyze the taxonomic composition of the bacterial community of soil samples in 
the Caatinga area using a metagenomic approach. For this, soil samples were collected in an area of Caatinga located in 
Petrolina, PE. Part of them was used to characterize their chemical properties, while the other part was submitted to total 
DNA extraction, shotgun sequencing (Illumina HiSeq 2500), and bioinformatic analysis. The chemical analysis showed 
that the soil was predominantly acidic, with a low content of phosphorus, organic carbon, and some exchangeable cat-
ions (Na+ and Mg2+). The total number of reads obtained after quality control of the sequencing data was 99,869,826, 
which were used for assembly and taxonomic annotation. A total of 69 phyla and 1,327 bacterial genera were identified. 
The taxonomic diversity of the bacterial community was mainly dominated by the phyla Firmicutes (22%), Proteobac-
teria (20%), Actinobacteria (16%), and Bacteroidetes (7%). The prevalence of Firmicutes in the limiting conditions of 
semi-arid soil may be favored due to the ability of members of this phylum to form endospores, which may act as a sur-
vival strategy in adverse environments. The phylum Proteobacteria, on the other hand, is cited as being associated with 
important activities in the carbon, nitrogen, and sulfur cycles. In addition, five genera (Streptococcus, Endomicrobium, 
Myroides, Bacillus, and Klebsiella) were the most abundant among the soil bacterial community, constituting about 
50% of the identified genera. These findings indicate the prevalence of restricted taxa in the analyzed soil samples. The 
data found regarding the taxonomic composition were consistent with studies conducted in semi-arid soils in Northeast 
Brazil and other regions of the world. The results showed a diversity of bacteria in Caatinga soil with limiting chemical 
characteristics and water deficit, which can be explored in the search for genes or isolates with biotechnological poten-
tial.
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BACTERIAL COMMUNITY ANALYSIS OF CALOTROPIS PROCERA ROOT  
IN CAATINGA ECOSYSTEM USING METAGENOMICS
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Abstract: 
The Brazilian Caatinga ecosystem covers most of the Northeast region and shelters a diversity of plants adapted to the 
conditions of the semiarid climate, marked by irregular rainfall and long periods of drought. Among them is Calotropis 
procera, an Asian shrub endowed with the ability to tolerate adverse weather conditions. It is considered an invasive 
species in Brazil, including the semiarid soils of the Caatinga, lowland coastal forests, and degraded urban areas. Plants 
naturally interact with microorganisms that make up their microbiome and, under adverse conditions, harbor beneficial 
members in their internal or external tissues that can contribute to their survival and fitness. Considering the remarkable 
tolerance of C. procera to semiarid conditions and the scarcity of studies on the microbiome associated with this plant, 
the present study aimed to analyze the composition of the bacterial community of the root endosphere of C. procera 
in the Caatinga ecosystem using the metagenomic method. Root samples were collected from natural populations of 
C. procera located in a Caatinga area in Petrolina, PE. Root samples were superficially disinfected, subjected to DNA 
extraction and sequenced (shotgun method) on the Illumina HiSeq 2500 platform. After analysis of quality control, 
assembly, and taxonomic annotation, a total of 127,674,165 reads were obtained, being an average of 42,558,055 reads 
per library (n=3). The taxonomic annotation made it possible to identify 50 phyla and 758 bacterial genera. The phylum 
Proteobacteria (92%) was the most dominant, followed by the Firmicutes (5%). Nine genera were more abundant and 
together constituted about 90% of the bacterial community, demonstrating the dominance of a few taxa in the root en-
dophytic composition of C. procera. Interestingly, the most abundantly identified phyla were described as endophytic of 
plants adapted to hostile environments. Furthermore, most of the identified genera were reported to be endophytic and 
included members capable of playing potentially positive roles in plant growth and tolerance to abiotic stresses asso-
ciated with different plant hosts. Functional analyses will be conducted to infer the functional potential of the bacterial 
community associated with C. procera roots under adverse conditions in the Caatinga ecosystem.
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HEME ACQUISITION BY TONB-DEPENDENT RECEPTORS  
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Abstract: 
Heme is the most abundant iron source in mammalian hosts. Many Gram-negative bacteria express high-affinity uptake 
systems composed of a TonB-dependent receptor (TBDR) and an ABC-type transporter to shuttle iron bound to heme 
or siderophores across their membranes. These systems play an important role during infection by subverting the iron 
limitation imposed by the host nutritional immunity. Chromobacterium violaceum is an opportunistic environmental 
Gram-negative beta-proteobacterium that causes infections with high mortality rates. We have previously demonstrated 
that C. violaceum relies on the endogenous siderophores chromobactin and viobactin and the ChuPRSTUV heme utili-
zation to effectively infect mice. Here, we investigate whether these two iron acquisition strategies are interconnected. A 
ΔchuP strain showed no heme utilization on nutrition assays and increased siderophore halos on CAS plate assays. Us-
ing EMSA, β-galactosidase, and RT-qPCR assays, we demonstrated that ChuP acts as a post-transcriptional activator of 
the chuR and vbuA genes, which encode the TBDRs for the uptake of heme and the siderophore viobactin, respectively. 
Interestingly, deletion of chuR did not completely abolish heme utilization in nutrition assays, suggesting the presence 
of additional mechanisms in the outer membrane for heme acquisition. Since ChuP also regulates the expression of 
VbuA, we assessed by nutrition assays if this TBDR could also be involved in heme uptake under iron limitation. In-
deed, when different heme concentrations were provided, the ΔvbuA strain displayed decreased growth mainly at higher 
heme concentrations (50 to 200 μM) compared to the wild type. As expected, growth of the ΔchuR strain was drastically 
reduced in every heme concentration but could still be detected when at least 10 μM heme was provided. Deletion of 
both TBDRs in the ΔvbuAΔchuR strain completely abolished growth in every heme concentration. These results suggest 
that the TBDR VbuA is also involved in heme uptake in addition to its known role in the acquisition of the siderophore 
viobactin. In conclusion, our data suggest that C. violaceum employs at least two TBDRs, ChuR and VbuA, to optimize 
the uptake of heme.
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CHITINASE HYDROLISIS-ASSOCIATED GENES IN CURTOBACTERIUM SP. 458  
E ARTHROBACTER PSYCHROCHITINIPHILUS 492 STRAINS.
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Abstract: 
Many groups of genes involved in chitinase synthesis have been identified and characterized in different bacteria, which 
are involved in regulation, enzyme synthesis, polymerization and substance transport. Chitinase acts in the hydrolysis 
of the bond ß 1-4 of N-acetyl-D-glucosamine and used for differential biotechnological applications. The aim of this 
study was applied bioinformatics tools to analyze and search for two genes associated with chitinase hydrolysis in 
Curtobacterium sp. 458 and Arthrobacter psychrochitiniphilus 492 strains. The bacteria were recovered from biofilm 
soil and sponge collected in Half Moon Island and Hannah point during the expedition OPERANTAR XXXII (sum-
mer 2013/2014) after cultivation in R2A culture medium and incubation at 15°C. The genomes of two strains were 
sequenced on the Illumina MiSeq platform using paired-end and mate-pair DNA libraries. Genome assembly, cleaning, 
and quality verification were performed using Fastqc, Trimmomatic, and Quast v5.0.2, respectively. Genome assembly 
was performed with SPades v3.13 with different k-mers values ??(21 to 127). The build quality, based on the N50 and 
the number of contigs, was evaluated using the Quast v5.0.2 package. As soon as, completeness and contamination 
were accessed with the CheckM v1.1.3 tool. Gene prediction was performed using Prodigal v2.6.3. The detected genes 
were compared to the KEGG and eggNOG databases. We found Curtobacterium sp. 458, gene chitin binding and Chi-
tin-binding domain type 3 and chitinase C genes in A. psychrochitiniphilus 492.
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PREDICTED GENE EXPRESSION LEVELS IN THE AMYGDALA  
AND DORSOLATERAL PREFRONTAL CORTEX ARE RELATED TO FEAR,  

DISTRESS, AND EXTERNALIZING SYMPTOMS IN YOUTH
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Abstract: 
BACKGROUND: The amygdala is central to emotional processing, and individual differences in its function have been 
linked to distress and fear symptoms in children and adolescents. The dorsolateral prefrontal cortex (DLPFC) plays a 
key role in cognitive and executive response and is associated with several externalizing disorders. The aim of this study 
is to examine whether predicted gene expression in the amygdala and DLPFC inferred from genotypes is associated with 
psychopathology, both internalizing (fear and distress) and externalizing domains. METHOD: We selected a sample of 
1778 children and adolescents from the Brazilian High-Risk Cohort Study (BHRCS) for Mental Disorders aged (6-12), 
who were assessed for psychopathology using the DAWBA. PrediXcan software was used to predict gene expression 
based on genotype, and we used GTEx database to predict gene expression in the amygdala, and Brainseq database 
to predict gene expression in the DLPFC. We selected eight genes BTD (Biotinidase), NKX2-8 (NK2 Homeobox 8), 
HDAC10 (Histone Deacetylase 10) and GBP5 (Guanylate Binding Protein 5) for internalizing symptoms analyses and 
genes PRRX1 (Paired Related Homeobox 1), ITGA8 (Integrin Subunit Alpha 8), SUPT16H (Homolog, Facilitates Chro-
matin Remodeling Subunit) and SLC18A2 (Solute Carrier Family 18 Member A2) for externalizing. Based on the best R2 
parameters (<0.3) and p-values (<0.05) from PrediXcan to conduct simple and multiple regression models. RESULTS: 
We found an effect of BTD (Beta: - 0.071, adjusted p-value: 0.008), HDAC10 (Beta: 0.071, adjusted p-value: 0.008), 
and NKX2-8 (Beta: 0.075, adjusted p-value: 0.004) genes on distress symptoms and the HDAC10 (Beta: 0.064, adjusted 
p value: 0.02), and NKX2-8 (Beta: 0.061, adjusted p value: 0.04) on fear symptoms. The results remained significant 
after applying a multiple linear regression model aggregating all genes as predictors of distress and fear. An effect of the 
genes PRRX1 (Beta: - 0.064, adjusted p value: 0.004), ITGA8 (Beta: -0.084, adjusted p value: 0.004), SUPT16H (Beta: 
0.080, adjusted p-value: 0.004) and SLC18A2 genes (Beta: 0.068, adjusted p-value: 0.012) genes on externalizing symp-
toms was found, multiple linear regression also remained significant. DISCUSSION: Three genes were associated with 
the emergence of distress symptoms: BTD, NKX2-8, and HDAC10, and two with fear symptoms HDAC10, and NKX2-8. 
BTD and NKX2-8 genes are related to cognition traits such as information processing and regulation of social behavior 
both found in disability in patients with major depressive disorder (MDD) and obsessive-compulsive disorder. HDAC10 
gene belongs to the deacetylase family genes, which is highly important for the effectiveness of fluoxetine (antidepres-
sant drug) and is associated with MDD patients. For the externalizing domain, the genes PRRX1, ITGA8, SUPT16H and 
SLC18A2 are associated with the dysregulation in the production of dopamine and aggressive behavior, characteristic 
of externalizing disorders such as attention deficit hyperactivity disorder and reinforcing effects of drugs of abuse. The 
combined effect of these genes may underlie the pathophysiology of fear, distress, and externalizing symptoms. These 
results might indicate potential biological markers that are related to the onset of internalizing and externalizing based 
mental disorders. 
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COMPUTATIONAL PREDICTION OF DRUGS AND NUTRACEUTICALS THAT  
MODULATE THE LEISHMANIA INFANTUM RESPONSE TO ANTIMONIAL COMPOUNDS

Ana Júlia de Araújo Silva1; João Pedro Pereira de Carvalho2; Liana Maria Silva Pitombeira Costa3; Davi 
Alvarenga Lima4; Daniel Barbosa Liarte5 
1Discente, Bolsista. Campus Universitário Ministro Petrônio Portella - Ininga, Teresina - PI. Universidade Federal do Piauí; 
2Discente. Campus Universitário Ministro Petrônio Portella - Ininga, Teresina - PI. Universidade Federal do Piauí; 3Discente. 
Campus Universitário Ministro Petrônio Portella - Ininga, Teresina - PI. Universidade Federal do Piauí; 4Doutorando, Bolsista. Av. 
Augusto de Lima, 1715 - Barro Preto, Belo Horizonte - MG, 30190-002. Instituto René Rachou; 5Docente. Campus Universitário 
Ministro Petrônio Portella - Ininga, Teresina - PI. Universidade Federal do Piauí

Abstract: 
In Brazil, leishmaniasis has been neglected since its appearance, accounting for 90% of cases of this disease in Latin 
America, according to the Ministry of Health. Among the most serious forms is visceral leishmaniasis, caused by the 
protozoan Leishmania infantum. Our research group recently completed the sequencing of the transcriptome of Antimo-
ny-sensitive and resistant Leishmania infantum using next-generation sequencing techniques (NGS). In this work, we 
integrate these data and recent updates of pharmacological databases to perform computational prediction of new drugs 
and targets for chemotherapy. This is a computational predictive study, based on genomic, post-genomic and biochemi-
cal data produced by the research group or extracted from open access databases for non-commercial purposes. Scripts 
developed by our group and public domain scripts were used to carry out the steps of data mining, local alignment, 
editing, integration and data storage. The identified bioproducts were initially classified as pharmaceuticals, nutraceu-
ticals or other bioproducts. Subsequently, each product was reclassified according to its biochemical properties and 
hypotheses for experimental use were constructed. Initially, a total of 928 transcripts of L. infantum associated with drug 
resistance previously identified by our research group were extracted from the TriTrypDB database. These transcripts 
were compared with the DrugBank drug-protein interactions database and processed using different cut-off rules to op-
timize data reliability. In this step, 635 molecular targets and 2170 drugs associated with these targets were identified. 
Among the identified drugs, 1495 are commercially available drugs and 35 are classified as nutraceuticals, dietary sup-
plements used in doses that exceed those that could be obtained from food for the purpose of improving health. Among 
the nutraceuticals, 2 aminoacids and 1 vitamin stand out, also identified in other predictive and experimental studies of 
drug resistance. The biochemical study of drugs and nutraceuticals enabled the construction of a ranking of potentially 
most important bioproducts and the formulation of hypotheses for future experimental validation. In this work, data 
from the transcriptome of wild and antimony resistant L. infantum were analyzed and potential drugs and nutraceuticals 
that modulate this phenotype were computationally identified. This is a computational prediction study and, therefore, 
should be complemented by experimental validation. However, such predictions direct the search for molecular targets 
and drugs, as opposed to “trial and error” methods of random bioproducts, thus exponentially reducing costs and time 
for research and technological development.
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UNVEILS LINKS WITH GLAUCOMA GENETICS
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Abstract: 
Alzheimer’s Disease (AD) is a complex, progressive and irreversible neurodegenerative disease that leads to memory 
loss, severe dementia, and gradual disability in adults, predominantly in the elderly. Recently, our understanding of 
AD evolved from a disease confined to the brain to extra-cerebral manifestation, such as abnormalities in the eyes. An 
array of pathologies, including retinal nerve fiber layer thinning, degeneration of retinal ganglion cells, and changes to 
vascular parameters can be observed in patients suffering from mild cognitive impairment and AD. Shreds of evidence 
linked AD and glaucoma concerning that AD patients have optic nerve degeneration and loss of retinal ganglion cells, 
and alteration of functional connectivity between visual areas dedicated to recognition like the fusiform and the inferi-
or temporal gyri, however, it remained unclear whether comorbidity between the two diseases has shared risk factors 
or one disorder influences the other. To investigate relations between AD and ocular tissue diseases, RNA-seq data 
from fusiform gyrus were extracted from 70 healthy individuals and 219 AD cases from Gene Expression Omnibus 
(GSE125583). RNA-seq was preprocessed with FastQC, MultiQC, and Trimmomatic. Co-expression network and dif-
ferential co-expression network analysis were performed by CEMiTool and diffcoexp, respectively. Among our results, 
we identified PKN2, a co-expressed gene hub associated with elevated intraocular pressure (a significant risk factor for 
glaucoma), and OLFM3, a differential co-expressed gene hub involved in eye photoreceptor cell development and asso-
ciated with primary open-angle glaucoma. Our genetic analysis results support epidemiological findings concerning the 
comorbidity between glaucoma and AD and encourage further studies.
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FUNCTIONAL AND STRUCTURAL CHARACTERIZATION OF COWPEA DEFENSINS

Ayug Bezerra Lemos2; Carlos André dos Santos Silva3; Madson Allan de Luna Aragão2; Kamila Genuino 
Soares2; Vinícius Costa Amador2; Mireli Santana Rego2; Roberta Lane de Oliveira Silva4; Ana Maria Benko 
Iseppon1 
1Docente. Av. Prof. Moraes Rego, 1235 - Cidade Universitária, Recife - PE - CEP: 50670-901. Universidade Federal de 
Pernambuco; 2Bolsista. Av. Prof. Moraes Rego, 1235 - Cidade Universitária, Recife - PE - CEP: 50670-901. Universidade Federal 
de Pernambuco; 3Pesquisador. IRCCS Burlo Garofolo, Trieste, Italy. Institute for Maternal and Child Health; 4Pesquisador. Av. 
José de Sá Maniçoba, S/N, Centro, Petrolina (PE), CEP: 56304-917. Universidade Federal do Vale do São Francisco

Abstract: 
Given the current scenario, the pharmacological sector has suffered great losses with regard to microbial resistance, 
increasing the need to discover new bioactive drugs. Faced with this challenge, vegetables, especially those with little 
explored medicinal potential such as cowpea, have a wide and varied range of bioactive molecules that can be used as 
biotechnological targets for the production of new antimicrobial agents. Among these molecules, defensins appear as 
important antimicrobial peptides (AMPs), promising for the production of new therapeutic targets. In this sense, the 
objective of the present work was to mine and characterize defensin-like antimicrobial peptides from Vigna unguicu-
lata. Therefore, a search was made for cured peptide sequences related to defensins deposited in PFAM, the sequences 
were subjected to mining methods performed against the V. unguiculata reference proteome deposited in the Phytozome 
and against the putative transcriptome of the species. The characterization of these candidates was performed regard-
ing the domain and conservation pattern of the primary sequences of defensins. Physicochemical characteristics and 
subcellular location of these candidates were observed, in addition to predicting the pattern of bridge formation, and 
performing three-dimensional modeling of cowpea defensin sequences, the theoretical models generated were validated 
for the quality of their structure. 4482 seed sequences of cured defensins were obtained. Among the mining method-
ologies (BLAST, HMMER and Regex), tblastn was the most promising method, identifying 9 candidate defensins in 
the transcriptome of the species. In the reference genome, 34 defensins were identified, of which 5 were present in the 
transcriptome of the species, which will be used in the comparative modeling. The 34 candidates presented the Gam-
ma-thionin domain characteristic of the defensin family, after the removal of the signal peptide, the multiple alignments 
performed with the 34 sequences allowed the identification of the α-core and γ-core motifs located in the N-terminal 
region and C-terminus of the sequence respectively, still in the alignment it was possible to identify the 8 conserved 
cysteine residues characteristic of the AMPs which presented 20 distinct patterns for the formation of bonds. The pI 
of the 34 candidates ranged between 4,404 and 8,239, while the pW ranged from 4.88 kDa to 6.75 kDa and most are 
associated with cytoplasmic regions of the cell, common results found in the literature. Using the 5 candidates present 
in the transcriptome to generate theoretical models, it was possible to identify in the structures a antiparallel β-sheet and 
an α-helix present in the tertiary structure of V. unguiculata defensins. The theoretical models generated were validat-
ed by predictors that indicate the quality of the structure regarding its folding and its stereochemistry. So far, we have 
been able to map the physicochemical characteristics of cowpea defensins, in addition to the conserved patterns of the 
sequences that shape their function, allowing the understanding of their behavior in cowpea under stress condition, the 
data generated regarding the quality of the 5 theoretical models on structural stability and folding make them viable for 
the next steps towards new biotech targets.
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Abstract: 
The paradigm of conservation of the neurohormone oxytocin (OT) sequence in all placental mammals was broken as OT 
variants were described in Platyrrhini, a clade of New World monkeys (NWm). Among these, the form called Pro8OT 
(Proline at position 8 of the molecule). Studies by our research group showed that this and other variants played a key 
role in the successful evolutionary trajectory of species of the Cebidae family, as they would be part of the genetic rep-
ertoire that allowed the emergence of adaptive behaviors, such as social monogamy and paternal care. OT activation 
occurs through interaction with OTR, a receptor that promotes cell signaling by coupling to G proteins. It is also known 
that OT interacts with the receptors of its paralogous neurohormone, vasopressin (AVP), VTR1a, VTR1b, VTR2, but 
with lower affinities. Our objective was to identify structural binding and affinity features through computer modeling 
of Leu8OT (the most common form in placental mammals, including Homo sapiens) and of Pro8OT present in mar-
mosets (Callithrix jacchus) with their cognate receptors (OTR, VTR1a and VTR1b). The construction of the ligands 
was done using ChemBioDraw Ultra 14.0, then the ligands were subjected to MM2 and PM7 geometry optimization. 
The homology models of the receptors were made using Modeller, based on the crystal structure of the OTR (6TPK) 
available in ProteinDataBank and validated through PROCHECK. Ligand and receptor structures were prepared in Aut-
oDockTools and molecular docking was performed in AutoDock Vina software. GROMACS was then used to perform 
molecular dynamics simulations, obtaining triplicates of the trajectories of the receptor-ligand complexes, of which the 
number of hydrogen bonds and stability of the complexes were analyzed. The ligands (Pro8OT and Leu8OT) and six 
cognate receptors (OTR, VTR1a and VTR1b) in the two species were constructed and validated as consistent models. 
In addition, six more identical complexes with the addition of a cholesterol molecule were also tested. There are several 
studies indicating the importance of cholesterol in modulating the binding site affinity between ligands and receptors 
of the oxytocinergic system. The mapping of cholesterol interactions with the receptors indicated that all of them bind 
to tyrosine residue at position 200 (Y200), as described in the literature. However, our models showed an unpublished 
interaction of cholesterol with alanine at position 199 (A199) and tryptophan at 203 (W203). In the complexes’ stabil-
ity analysis, a greater fluctuation was observed in the third intracellular loop and final portion of the receptors, but the 
regions of importance of interaction with the ligand of all the complexes remained stable. Furthermore, it was possible 
to observe that all complexes had an average of two hydrogen bonds, with the exception of the human OT-VTR1b com-
plex, which presented one hydrogen bond, indicating a possible weaker interaction between receptor and ligand in the 
absence of cholesterol. These findings may help to understand the oxytocinergic system, in contexts found in nature and 
with already recognized functional and evolutionary relevance.
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GENOMIC CHARACTERIZATION OF CITROBACTER FREUNDII ISOLATED  
FROM LEGUMINOUS BACTERIAL CANKER IN BRAZIL
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Abstract: 
Citrobacter freundii is the most common class of pathogens in the Citrobacter genus and is an important pathogen asso-
ciated with certain underlying diseases or immune dysfunction. In this study, C. freundii was isolated from leguminous 
bacterial canker in Brazil. The complete genome of the isolate was sequenced using Illumina sequencing and the data 
were analyzed in detail using various bioinformatic approaches to elucidate its identity and biological properties. The 
genome was assembled showing an N50 of 32 2730 bp and the GC content is 51.5%. The genome was subjected to 
gene prediction and functional annotation using the RAST server. The results showed 5347 coding sequences within 
the genome, which were classified into 398 subsystems. Most of the assigns functions to the genes were involved in the 
metabolism of carbohydrates (374), amino acids and derivatives (379), protein metabolism (238); cofactors, vitamins, 
prosthetic groups, pigments (186); membrane transport (145), respiration (121) and stress response (98). These genetic 
functions are essential for the adaptation and survival of this bacterium. The results also showed that the bacterial ge-
nome carried 74 potential virulence and defense genes, with their respective subcategories: adhesion (5) and mediator 
of hyperadherence YidE in Enterobacteria and its conserved region (5); bacteriocins, antibacterial peptides (2) and toler-
ance to colicin (2); resistance to antibiotics and toxic compounds (51). In addition, as an escape mechanism, bacteria can 
act in copper homeostasis, adaptation to d-cysteine, and resistance to fluoroquinolones and beta-lactamase according to 
genomic characterization. In the phylogenetic analysis, the calculated to estimate the genetic distance between strains 
at the genomic level, confirmed that the genome taxonomy was Citrobacter freundii (>98%). These results yield new 
genetic information for a better understanding of the pathogenicity of C. freundii. Future studies will be carried out in 
order to provide more detailed information about the diversity and particularity of the host-pathogen interaction.
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CHARACTERIZATION AND EXPRESSION ANALYSIS OF  
CENOSTIGMA PYRAMIDALE AQPS UNDER SALT STIMULUS
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Abstract: 
Aquaporins (AQPs) are members of the major intrinsic protein (MIP) superfamily of integral membrane proteins. Their 
main function is associated with water (and some small solutes) transport through cell membranes. AQPs have specif-
ic regions that determine its selectivity, which allows classifying them into five major subfamilies: NIPs, SIPs, PIPs, 
TIPs and XIPs. The Cenostigma pyramidale, in turn, is a leguminous plant from the Brazilian semiarid region with 
high adaptability to contrasting environmental conditions, such as salinity and drought. In the present work, we carried 
out the AQPs mining, characterization and expression analysis of C. pyramidale root transcriptome (RNA-Seq) after 
30 min, 2 h and 11 days of salt stress (NaCl, 100mM). The transcriptome was translated using the TransdeCoder tool 
(v5.6.0). The AQPs were identified by HMMER (v3.3), using HMM (Hidden Markov Model) for MIP family profile 
(PF00230; e-value < 1.0 e-5). Then, the Clustal WS tool aligned the AQPs sequences. The Jalview tool (v2.11.2.2) was 
used to visualize the respective NPA motifs (Asn-Pro-Ala) and the transmembrane domains, which are characteristic of 
the studied superfamily. The SMART tool also confirmed the presence of these motifs/domains. For classification into 
different subfamilies, a dendrogram was constructed using the Neighbor Joining method (bootstrap of 1000 replications) 
by MEGA software (v11.0.9). The C. pyramidale sequences were aligned with previously characterized AQPs from 
Arachis duranensis (31 AQPs), Arachis hypogaea (64), Arachis ipaensis (35), and Glycine max (70). For the prediction 
of subcellular locations and GO terms (biological process) analysis, the Cello tool (v.2.5) and the Pannzer2 tool were 
used, respectively. Out of the 214 candidate AQPs identified, 45 sequences showed the characteristic two NPA motifs 
and at least six transmembrane domains. All 45 members were localized in the plasma membrane. The phenetic tree 
allowed classifying the C. pyramidale AQPs into three subfamilies: PIP (26), TIP (14) and NIP (5). No SIP and XIP 
members were identified. Considering biological processes, the candidate proteins were mostly associated with trans-
membrane transport (GO:0055085), water transport (GO:0006833), response to water deprivation (GO:0009414) and 
water homeostasis (GO:0030104). Out of seven differentially expressed AQPs, three were up-regulated (-1 >Log2FC >1; 
p-value < 0.05; FDR < 0.05), of which one NIP (2h) and two TIPs (30 min and 11 days). The initial characterization and 
gene expression study of AQPs in C. pyramidale indicated its participation in the salt stimulus response. It will allow a 
better understanding of the plant regulation of the cellular water content, and future application in genetic engineering.
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INSIGHTS FROM A MULTI-OMICS INTEGRATION (MOI) STUDY IN OIL PALM  
(ELAEIS GUINEENSIS JACQ.) RESPONSE TO SALINITY AND DROUGHT STRESSES
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Abstract: 
Oil palm (Elaeis guineensis Jacq.) is one of the World’s most important oilseed crops. Together, palm oil and palm ker-
nel oil, respond to about 35% of the global vegetable oil consumption. In Brazil, there are extensive areas suitable for oil 
palm cultivation outside the Amazon rainforest. Once in these alternative areas, the grower must use artificial irrigation 
to comply with oil palm’s water requirements. The problem is that about one-quarter of the irrigated area in agriculture 
worldwide faces the problem of soil salinization, which negatively affects the productivity of traditional crops. Many 
research groups using distinct omics platforms nowadays to gain a deep understanding of plant response to biotic and 
abiotic stresses, hoping to develop strategies for supporting plant breeding initiatives to develop stress-tolerant superi-
or varieties. In that context, our research group performed single-omics analysis (SOA) and Multi-Omics Integration 
(MOI) analysis of the metabolome, transcriptome, and proteome profiles of young oil palm plants submitted to very high 
salinity stress, as well as to water deprivation. SOA results showed the main biological processes, molecular function, 
and cellular components affected by these abiotic stresses in the leaves of young oil palm plants. MOI study revealed 
the pathways most affected by those stress conditions. Both, SOA and MOI studies, when analyzed alone or in combina-
tion, did reveal new insights into the early response of oil palm plants to these two abiotic stresses, pointing out genes, 
proteins, metabolites, and pathways directly affected by them.
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CISPLATIN INDUCES REPRESSION OF TRANSPOSABLE ELEMENTS  
IN OVARIAN CANCER AND IN ITS RESISTANT DERIVATIVE
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Abstract: 
Evidence suggests that transposable elements (TEs) may provide regulatory sequences that influence the process of on-
cogenesis. Cisplatin resistance in ovarian cancer has become a hurdle to women in overcoming the disease. Recent RNA 
sequencing studies aim to explain the molecular mechanisms whereby tumor cells progressively lose their sensitivity to 
cisplatin by focusing exclusively on differentially expressed genes, missing out completely in understanding the expres-
sion of TEs. Therefore, we have extended these findings by incorporating TE analysis into the genomic characterization 
of the cisplatin-sensitive A2780 ovarian cancer cell line compared to A2780cis, its resistant derivative. Cisplatin adducts 
block RNA polymerases, thus previous studies found more down-regulated than up-regulated genes. Likewise, our 
TE analysis showed more down-regulated than up-regulated TEs. Despite the majority of differentially expressed TEs 
being down-regulated, some TE orders escaped down-regulation in both sensitive and resistant cell lines. The orders 
are related to cancer dynamics, such as LTR, the order that contributes most with regulatory sequences, and HERV-K 
(HML-2), identified up-regulated in several types of tumors. Differentially expressed genes related to oncogenesis, in 
particular one related to ovarian cancer (SNAP23), had L2 element insertions upstream to their sequences. Since TEs 
can influence gene regulation, identifying elements inserted upstream to them, especially in a tumor condition, becomes 
of substantial importance.

Palavras-chave: cancer; cisplatin; resistance; transposable elements; 

Support / Acknowledgment 
This study was supported by research grants and fellowships from Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq).

395

BIOINFORMÁTICA
APLICADA ÀS ÔMICAS



EXPLORING THE EXPRESSION OF EWING SARCOMA MASTER REGULATORS  
YIELDS MODELS THAT TELL TUMORS APART
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Abstract: 
Ewing Sarcoma is a rare malignant tumor occurring most frequently in adolescents and young adults. Its hallmark 
is a chromosomal translocation between chromosomes 11 and 22 that results in an aberrant transcription factor. In a 
previously published study, we used publicly available data to reconstruct the Ewing sarcoma regulatory network and 
identified 7 putative masters regulators. The master regulators clustered in two groups based on their regulatory activity: 
one composed of PAX7 and RUNX3, and another composed of ARNT2, CREB3L1, GLI3, MEF2C, and PBX3. PAX7 
and RUNX7 activity was positively associated with survival rates. PAX7 was upregulated in both Ewing sarcoma and 
Osteosarcoma samples. In this present work, we analyze the relationship between the expression levels of the 7 master 
regulators in different types of cancer. More specifically, we explore the space of possible mathematical expressions 
that could best distinguish different tumors. Through trial and error, we devised low-complexity models to identify 
Ewing sarcoma samples using only three variables (namely the expression levels of PAX7, RUNX3, and PBX3) and 
as few as three mathematical operations. One preliminary model yielded 100% specificity when tested against a group 
of microarray datasets comprising numerous pediatric cancers (GSE34620, GSE14827, GSE66533, GSE108088). All 
analyses were carried out in R through the affy package. This work contributes to the characterization of Ewing sarcoma 
thanks to the high explainability of the models as well as indicates that master regulator analyses can be an important 
step during feature selection for tumor classification.
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VARSMETAGEN: AN ONLINE PLATFORM FOR ANALYSES OF MICROBIAL NGS DATA 
ENABLING PRECISION MEDICINE IN THE DIAGNOSIS OF INFECTIOUS DISEASES
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1Bioinformata. Av. Albert Einstein, 627/701 - Morumbi, São Paulo - SP. Hospital Israelita Albert Einstein; 2Gerente Inovação e 
Ciências de Dados. Av. Albert Einstein, 627/701 - Morumbi, São Paulo - SP. Hospital Israelita Albert Einstein

Abstract: 
Sequencing technologies have evolved at astonishing rates over the past 20 years. As a consequence, prices to generate 
one-million base pairs (Mbp) have decreased to the point where it became accessible for the main public with import 
applications to disease diagnostics. Using Next Generation Sequence (NGS) for diagnosis of human hereditary and so-
matic diseases (cancer) is today widespread with plenty of open-source and commercial platforms available to facilitate 
analyses by test-providers. However, the scenario is quite different for platforms that implement microbial bioinformat-
ics pipelines and provide user-friendly results and clinical reports. In this work, we present the Varsmetagen platform 
for analyses and interpretation of microbial NGS data, which will allow users to execute bioinformatics pipelines on 
cloud infrastructure as well as interpret results and easily generate reports. An user-friendly online interface allows 
users to execute the steps of: 1. Create runs, upload files (FASTQ, BAM or CRAM) and assign patient information 
to individual samples. 2. Select a bioinformatics pipeline to be executed at the samples. 3. Inspect metrics for quality 
control and approve or disapprove samples. 4. Inspect charts and tables with information of diversity and abundance. 5. 
Interpret results to select and validate potential pathogens linked with patient symptoms 6. Generate reports, which may 
be used for clinical or publication purposes. Regarding the processing back-end, we have implemented two pipeline in 
Workflow Description Language (WDL) orchestrated by a Cromwell server at the AWS cloud infrastructure, Virome 
and Metagenomics pipeline. Briefly, it takes raw reads from FASTQ or BAM files, perform quality control to remove 
poor quality sequences, remove host contamination by mapping to the Human reference genome, perform taxonomic 
identification of remaining sequences using Kraken2 with a customized database, and normalize kraken2 counts by 
applicating a bayesian method as implemented in Bracken. In parallel, short sequences are assembled in contigs using 
Spades for a second taxonomic identification round and several metrics are generated to help the analyst to interpret and 
evaluate findings. Additionally, in metagenomics pipeline we added the recovery of genomes from metagenomes step 
using MetaWRAP binning modules and GTDB-tk for taxonomic classification of genomes. It is worthy mentioning that 
other pipelines for microbial data analysis will be implemented in the platforma shortly, as for example pipelines for 
analysis of Microbiome 16S/ITS data, genotyping of SARS-CoV-2, analysis of whole genome of bacteria and others. 
Varsmetagen is currently in a beta version available to users in an early-access program, and its release for the general 
public is planned to happen in August 2022. Varsmetagen is free of charge for academic and non-profit users.
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GENOME-WIDE COMPARATIVE ANALYSIS OF GLYCOLATE OXIDASE (GOX)  
IN PLANTS
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Abstract: 
Glycolate Oxidase (GOX) is a key enzyme of the photorespiration process, a complex metabolic pathway that affects 
photosynthesis efficiency and presents as one of its most prominent products hydrogen peroxide (H2O2). Photosynthetic 
pathways and H2O2 production can drastically differ between C3 and C4 plants, where several distinctions rely on the 
photorespiration machinery. Such contrasts impact in crucial physiological processes in plants, such as development and 
stress responses. However, few studies bring light to evolutionary and structural aspects of the photorespiration com-
ponents, as well as comparative analyses of gene families related to photorespiration in C3 and C4 plants are lacking. 
In the present study, we present the first genome-wide comparative analysis of GOX gene family in plants, comparing 
relevant evolutionary and structural aspects of distinct GOX orthologs in plant families. The evolutionary relationships, 
gene structure, conserved motifs, promoter cis-elements prediction, chromosome location and interspecific collinearity 
were analyzed in order to obtain better understanding of GOX gene family in plants. Family-dependent evolutionary 
and structural divergence were observed among distinct GOX genes, with higher gene conservation verified among 
members of Fabaceae family. High divergence verified among Fabaceae and Poaceae GOX orthologs might impact in 
functional divergence between these gene families. This comparative study provides a comprehensive picture of evolu-
tionary and structural aspects of the GOX gene family in plants.
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IDENTIFICATION OF NOVEL GENES AND PROTEOFORMS IN  
ANGIOSTRONGYLUS COSTARICENSIS THROUGH A PROTEOGENOMIC APPROACH
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Abstract: 
RNA sequencing (RNA-Seq) and mass spectrometry-based proteomics data are often integrated in proteogenomic stud-
ies to assist the prediction of eukaryote genome features, such as genes, splicing variants, single nucleotide variants 
(SNVs), and single amino acid variants (SAAVs). Most genomes of parasite nematodes are draft versions that lack 
transcript- and protein-level information and whose gene annotations rely only on computational predictions. Angio-
strongylus costaricensis is a roundworm species that causes an intestinal inflammatory disease, known as abdominal 
angiostrongyliasis (AA). The rodents are typically its definitive hosts, where they are usually found in the mesenteric 
arteries. Humans are accidental hosts, being contaminated by the ingestion of infective third stage larvae present on con-
taminated water and food. Currently, there is no drug available that acts directly on this parasite, mostly due to the sparce 
understanding of its molecular characteristics. The available genome of A. costaricensis, specific to the Costa Rica 
strain, is a draft version not supported by transcript- or protein-level evidence. This study used RNA-Seq and MS/MS 
data to perform an in-depth annotation of the A. costaricensis genome. Our results were used to supplement the A. co-
staricensis reference annotation with a) novel coding and non-coding genes; b) pieces of evidence of alternative splicing 
generating new proteoforms; c) a list of SNVs specific to the Brazilian strain (Crissiumal). Using our proteogenomics 
approach, SAAVs detected at the RNA-Seq level were confirmed in the proteomics data. To the best of our knowledge, 
this is the first time that a multi-omics approach has been used to improve the genome annotation of A. costaricensis. 
We hope this supplemented genome annotation can assist the future development of drugs, kits, and vaccines to treat, 
diagnose and prevent AA caused by either Brazil strain (Crissiumal) or Costa Rica strain. 
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WITH NEUROBLASTOMA OVERALL SURVIVAL
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Abstract: 
Intro. Primate centromeres are built of alpha-satellites (here, called alphoid sequences), which are composed of AT-rich 
DNA organized in tandem repeats of approximately 171 bp-long monomers. These alphoid sequences, further organized 
into Higher Order Repeats (alpha-HORs), are the foundation of the kinetochore formation and responsible for the cen-
tromere identity. Deregulation of the centromere structure may be an integral aspect of the origin of chromosomal insta-
bility in many cancers. Neuroblastoma, which is the most common extracranial solid tumor in childhood, is a clinically 
and genetically heterogeneous cancer. It exhibits a wide spectrum of chromosomal abnormalities, of which many have 
been proposed as biomarkers for risk stratification and are significantly associated with decreased survival. Detecting 
and classifying these variants can result in improved therapies and diagnostics for Neuroblastoma patients, especially 
due to its limited number of somatic SNVs and INDELs. Aims. In this work, we aimed to comprehensively characterize 
CNVs in Neuroblastoma alphoid sequences with a straightforward computational approach and to associate these events 
with molecular and clinical features. Methods. The specific alphoid sequences for chromosomes 2, 6, 7, 9, 12, 17, and 
X were taken from GenBank. We aligned them to GRCh38 using BLAT and selected only reliable alignments. Genomic 
sequences of 1,000bp from the short and long studied chromosome arms were selected for normalization. Additionally, 
genomic sequences known to be commonly affected by somatic CNVs in Neuroblastomas were also selected. WGS 
data of 104 paired tumor-normal samples from Neuroblastoma patients were accessed at St. Jude Clinical Genomics 
through the DNAnexus platform. Clinical and genomic information were recovered from previous publications. For the 
quantification of the alpha-satellite regions, we used public and in-house pipelines, adopting a sliding window strategy. 
For the survival analysis, we used Reboot. Results. The normalized coverage and median deviation of Neuroblastoma 
alpha-satellite regions were lower in comparison to germline samples for all chromosomes, suggesting the possible 
existence of somatic CNV events (alphaCNVs). The highest number of alphaCNVs were detected in chromosomes 9 
and 12, and the lowest in chromosome 17 (chr17). In general, there was a prevalence of alphaCNV losses, probably 
indicating higher changes in the copy number of the alphoid 171 bp-long monomers. Interestingly, patients presenting 
gain of chr17 alphaCNVs had better overall survival (OS). Furthermore, this result remained statistically significant af-
ter the multivariate analyses, accounting for age, sex, and five regions of prognostic relevance (genes MYCN, ALK and 
CCND1, 11q loss and 17q gain). Moreover, there seems to be an enrichment for the DNA damage-related signatures in 
patients with more alphaCNVs, suggesting a logical association between defects in DNA damage repair pathways and 
copy number changes affecting alphoid regions. Conclusions. Our findings indicate that our approach to detect alphoid 
copy number changes is robust. Moreover, it suggests that alphaCNVs are: (i) associated with Neuroblastoma patient 
OS; (ii) possibly linked to a DNA damage-related mutation signature, and; (iii) alphoid loss, particularly of chr17 cen-
tromere, may be a good biomarker of worse prognosis.
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Abstract: 
Before the pandemic of COVID-19 (Coronavirus Disease 2019) caused by SARS-CoV-2 (Severe Acute Respiratory 
Syndrome Coronavirus 2), only a few coronaviruses (CoVs) were known to cause disease in humans, from which SARS 
-CoV and MERS-CoV were the only viruses in the Coronaviridae family associated with high mortality rate. However, 
CoVs were already known to infect a variety of hosts, bringing attention to economic and healthcare sectors, in addition 
to studies suggesting the emergence of new species. It is possible that new viruses from this family may occur due to the 
co-infection of multiple CoVs in the same natural host, favoring genetic recombination, and the high rates of mutations 
that occur due to the instability of RNA-dependent RNA polymerases. Considering the importance of better investi-
gating the behavior of these viruses, the present study aims to identify viral sequences from Coronaviridae family in 
pre-pandemic human metagenomes from the public database in the SRA (Sequence Read Archive/NCBI), using bioin-
formatics tools (fastp, Kaiju, BWA and SPAdes). It is expected that this analysis will contribute to the identification of 
relevant biological and taxonomic information (sequence diversity) to better characterize CoVs distribution in humans 
and, in addition, compare the performance from two well-known taxonomic tools, Kaiju (1.7.4) and Burrows-Wheeler 
Aligner (BWA). By using keywords to search in SRA, 4011 human samples from multiple projects were selected, from 
which 819 were randomly analyzed. After the quality control step (fastp 0.20.1), a double taxonomic classification was 
performed with Kaiju, utilizing two different databases: one exclusively with coronavirus sequences (from Alphacoro-
navirus, Betacoronavirus, Deltacoronavirus and Gammacoronavirus), and other with general non-redundant sequences. 
From this analysis, 150 samples were found positive for CoVs, which were all negative when submitted to retest by the 
other tool, BWA. In face of this negative, two human projects from stool samples were selected (PRJEB32767 and PR-
JEB6070 with 1067 and 1515 samples, respectively) and analyzed using BWA, with, again, negative results for CoVs. 
These findings suggest that the investigated samples did not have coronavirus, only conserved and similar sequences 
between organisms, which was overestimated by the Kaiju tool.
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GENOME MINING OF ELITE PHOSPHATE SOLUBILIZING AND MINERALIZING  
BACILLUS STRAINS SHOWS GENES RELEVANT FOR PLANT GROWTH-PROMOTION
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Abstract: 
Bacillus spp. have emerged as important plant growth promoters. Besides the diverse abilities of this genera to stimulate 
plant growth and health, the resilience of these bacteria through endospore formation improves their use as agricultural 
bioinoculants. The increasing demand for new sustainable alternatives to provide phosphorus in fields has encouraged 
the exploration of plant growth-promoting microorganisms with the ability to reverse high phosphorus (P) fixation in 
the soil. In this work, we performed a screening of 86 Bacillus from different biomes and crops and used the genome 
mining approach of elite phosphate solubilizing/mineralizing strains to unravel key genes in plant growth promotion. 
The ability to solubilize phosphate as well as to mineralize organic P by means of phytase and phosphatase enzymes was 
evaluated in vitro. Solubilization of calcium phosphate and production of phytases were determined by halo formation 
in Verma phosphate medium and culture medium with 1 % phytic acid, respectively. The production of phosphatases 
was determined using p-nitrophenyl phosphate as a synthetic substrate. Among the 86 assessed strains, five with better 
performance (CNM13, CNM34.1, MGB1370, MGB2281, and RZ3MS14) were selected for sequencing on the Illumina 
MiSeq Platform producing 2x250 bp paired-end reads. The bacterial genomes were assembled with Spades using reads 
pre-processed by Trimmomatic. Scaffolding and gap closing of the assemblies were conducted by Platanus, and a final 
version was polished with Pilon. Gene prediction of these strains was carried out by Prokka and the protein-coding se-
quences output were functionally annotated using BLAST against the Clusters of Orthologous Groups (COG), Kyoto 
Encyclopedia of Genes and Genomes (KEGG), NCBI nonredundant protein, and UniProtKB/Swiss-Prot databases. 
From the analysis, genomes of these Bacillus showed multiple genes and regulatory enzymes associated with phos-
phate solubilization, the activity of phytases and phosphatases, phosphonate degradation, nutrient transport, synthesis 
of phytohormones, siderophores, volatile organic compounds (VOCs) that induce systemic resistance and abiotic stress 
alleviation such as polyamines and y-amino-butyric acid (GABA), among others. Furthermore, genome mining using 
antiSMASH revealed several genes for the synthesis of antimicrobial compounds. The selected P solubilizing and min-
eralizing Bacillus spp. strains can optimize the availability of soluble phosphate for plant uptake, and improve the use 
efficiency of mineral or organic fertilizers. Moreover, the genomic study of these bacteria shows their potential appli-
cations in agriculture in the future.
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THE TRANSCRIPTOME OF XPC-DEFICIENT CELLS SUBJECTED TO OXIDATIVE 
STRESS INDICATES NEW FUNCTIONS IN TRANSCRIPTIONAL REGULATION
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Abstract: 
Xeroderma pigmentosum complementation group C (XPC) is defective in xeroderma pigmentosum patients, causing 
predisposition to cancer. Compared to other XP gene deficiencies, the XPC patients show milder phenotypes, such as 
the absence of neurodegeneration. The XPC protein is involved in DNA damage recognition, initiating global genome 
nucleotide excision repair (GG-NER). Recently, XPC protein was described as stimulating the DNA repair activity of 
OGG1 and interacting with APE1, both enzymes involved in base excision repair (BER). Although XPC deficiency 
compromises the functions of GG-NER and BER, curiously, XPC cells are resistant to oxidative stress. In addition, 
XPC protein also participates in transcriptional regulation of retinoic acid-responsive genes acting on active chroma-
tin demethylation processes. Furthermore, XPC interacts with Oct4 and Sox2 and is recruited to the Nanog and Oct4 
promoters, which are proteins that control cell differentiation and development. Concerning the XPC protein functions, 
milder phenotypes in XPC patients and cellular resistance to oxidative stress would not be expected, suggesting that 
this protein has other unknown activities. In this work, transcriptomic analysis in XPC fibroblasts submitted to oxida-
tive stress was carried out to identify genes and processes affected by XPC deficiency. Two cell lines were used in the 
investigation, XP4PA, an XPC-deficient strain, and XP4PA/XPC, which was corrected with the XPC gene, both treated 
with H2O2 as an oxidant agent, and cytotoxicity was not observed. The mRNA of treated and untreated cells were ex-
tracted, sequenced, and analyzed using several bioinformatics tools. The obtained sequences were aligned against the 
RefSeq database of human expressed sequences, available at the UCSC Genome Browser Database. Genes differentially 
expressed between treated cells and their untreated control were identified from the fold change calculation using the 
FPKM obtained with Cufflinks, calculating the log2 (foldchange). A list of up and downregulated genes were generated, 
considering fold change > 2 or < -2, respectively. These gene lists were submitted to the gene ontology DAVID tool, 
and the master regulators of these genes were identified using the iRegulon plugin for Cytoscape. XP4PA showed 2682 
downregulated, and 5204 upregulated exclusive genes, while XP4PA/XPC cells showed 3033 genes downregulated and 
2805 upregulated. A high increase in miRNA, lincRNA, and snoRNA genes was observed in XP4PA cells. The gene 
ontology analysis revealed that the main processes affected were cell signaling and neuronal differentiation. In XP4PA/
XPC cells, mitochondria and ribosomal biogenesis processes were upregulated. The prediction of master regulators us-
ing the iRegulon tool showed enrichment of binding sites to transcriptional factors (TF) already described as associated 
with XPC, such as E2F1, Nanog, and RARA. However, new possible TF partners of XPC were also identified, such as 
STAT1, MYBL2, and FOS. In conclusion, we found that XPC may have a novel role as a corepressor of several genes, 
including miRNAs, affecting mainly processes associated with cell signaling and differentiation, which may help in the 
future to understand better the phenotypes presented by cells and XPC patients.
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A COMPARATIVE STUDY BETWEEN EDGER, DESEQ AND BAYSEQ METHODS TO  
ANALYZE TRANSCRIPTIONAL EFFECTS OF EARLY WEANING IN NELLORE STEERS 
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Abstract: 
In recent years, several approaches have been proposed to prospect differentially expressed genes (DEGs) by 
high-throughput RNA sequencing platforms, such as RNA-seq. Many factors can affect the obtaining of DEG, such as 
the methods for low gene expression filtering, scaling and normalization of read counts, and overdispersion parameters 
estimation. In this sense, the main objective of this study was to analyze the correspondence between the results of dif-
ferential gene expression analysis obtained by different methods mentioned above, as well as to understand how early 
weaning affects the expression of skeletal striated muscle genes in Nellore steers submitted to early weaning. Therefore, 
aliquots of the Longissimus thoracis muscle were collected via biopsy from eight early-weaned Nellore steers. The first 
(pre-early weaning) and second (post-early weaning) collections were performed at 120 and 205 days, respectively. 
Then, RNA-Seq was obtained from these samples for comparison of gene expression between the two moments. Ear-
ly-weaned steers were supplemented from 120 to 205 days with a diet containing 20% Crude Protein and 75% of total 
digestible nutrients, in an amount of 20g of dry matter/kg of live weight. DEGs were obtained through three methodol-
ogies using the packages, edgeR, DESeq2, and BaySeq of the R software. After obtaining the DEGs for each method, 
a correspondence analysis was performed between the results. Finally, functional enrichment analyses were performed 
using a hypergeometric test for over-representation of genes differentially expressed in KEGG metabolic pathways us-
ing the clusterProfiler package of the R software. Between the two moments (pre-early weaning and post-early weaning) 
were observed 528, 729 and 402 DEGs using the edgeR, DESeq2 and BaySeq packages, respectively, of which 191 were 
common to all approaches. The number of up- and down-regulated genes after early weaning were 287 and 393, 402 
and 241, 336 and 165 using edgeR, DESeq2, and BaySeq methods, respectively. There were more significant up-regu-
lated genes (125 DEGs) shared between the methods than under expressed genes (66 DEGs). Among KEGG metabolic 
pathways enriched in each method, 20 significant pathways were commonly observed for the three approaches, among 
which 12 were obtained by over-representation of up-regulated genes and 14 by down- regulated genes in steers. Thus, 
six enriched KEGG pathways were common among up- and down-regulated DEGs. Collectively, the enriched KEGGs 
pathways from common DEGs and the shared KEGG pathways between methods indicate strong up-regulation of genes 
related to adipogenesis and lipogenesis and down-regulation of fatty acid degradation in muscle tissue in steers after 
early weaning management. Among the methods evaluated, the DESeq2 method returned the largest number of unique 
KEGG pathways unrelated to lipid metabolism, which may hinder the proper understanding of the biological signifi-
cance of the results.
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INTEGRATING DUAL-LAYER BIOLOGICAL NETWORK WITH TRANSCRITPTOMES  
TO UNRAVEL PUTATIVE RGA-RELATED MODULES OF ENERGY-CANE RESISTANCE 

TO SPORISORIUM SCITAMINEUM
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Abstract: 
Sugarcane (Saccharum sp.) presents great economic, environmental, and social importance worldwide. Brazil is the 
largest producer of the crop and exporter of sugar. Traditionally used for sugar and ethanol (1stgeneration) production, 
this scenario has been changing with the development of novel genotypes, called energy-cane, as a source of fiber for 
renewable second generation bioenergy. Although highly productive, such genotypes are susceptible to Sporisorium 
scitamineum, the causal agent of sugarcane smut disease, generating yield losses depending on the variety and envi-
ronmental conditions. To investigate the differential behavior of plant defense mechanisms in contrasting energy-cane 
genotypes toward smut, we analyzed RNA-seq data of susceptible and resistant plants 48 hours after inoculation (hai). 
Using Saccharum spontaneum, an ancient and wild sugarcane species, as a genomic reference, the transcriptomic anal-
ysis revealed a specific profile with 9,960 differentially expressed genes (DEGs) for the susceptible genotype and 2,220 
DEGS for the resistant genotype. The totality of all expressed genes from both energy-cane genotypes was integrated 
into a dual-layered biological network based on sugarcane-Arabidopsis orthology, containing metabolic (KEGG) and 
PPI (BioGrid) data publicly available. A total of 9,186 nodes (proteins and/or reactions) and 42,499 edges (interactions) 
formed the multigraph of the Arabidopsis-based dual-layered sugarcane network. The largest connected component 
was composed of 8,548 (93%) nodes and 42,243 (99%) edges, and was used for the downstream analysis. Statistical 
inferences regarding centrality degree were used to cluster the nodes according to their connectivity. Using unsupervised 
Machine Learning K-means clustering algorithm (scikit-learn), we identified four degree centrality groups, named from 
A to D: 6,576 less connected (D); 1,596 intermediate connected (C); 324 highly connected (B); and 52 super-connected 
nodes (A). We also performed a Gene Set Enrichment Analysis (GSEA) after detecting sub-modules with the MCODE 
algorithm to determine gene set enrichment in the RNAseq data. The GSEA analysis detected 40 MCODE sub-modules 
exhibiting gene set enrichment within the susceptible and resistant plants. Interestingly, 6 sub-modules (42, 58, 83, 121, 
318 and 333) harboring resistance gene analogs (RGAs) - related to plant defense against pathogens - were identified as 
positively enriched in the resistant plants. Additionally, those genes presented contrasting expression profiles of up- and 
down-regulated, respectively, within the comparison of resistant-susceptible plants 48 hai. These results will be used 
as potential input for future functional studies on host resistance mechanisms and assist decision-making in sugarcane 
breeding programs. Furthermore, such approaches will enable the understanding of pivotal processes contributing to 
resistance/susceptibility in energy-cane, providing integrative knowledge toward a more sustainable agriculture.
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COMPARATIVE GENOMICS ANALYSES OF PEDIOCIN-LIKE BACTERIOCINS  
PRODUCED BY PEDIOCOCCUS PENTOSACEUS
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Abstract: 
Antibiotics are substances that aim at bacterial control, either by causing cell death or the cessation of their growth, be-
coming a fundamental element for treating infectious diseases. However, in the last decades, and as a consequence of the 
excessive use, both for prevention and use in the treatment of diseases, strongly contributed to the dissemination of re-
sistant strains by selection and, consequently, in the spread of antimicrobial resistance. Thus, impacting animal produc-
tion systems, the environment, and public health. Using non-antibiotic therapies, such as bacteriophages, antimicrobial 
peptides, or even nanomedicine, are additional strategies for controlling pathogens and reducing or mitigating the emer-
gence of resistant/multi-resistant strains. Probiotics are one of the main alternatives that can be used together or even 
supplant antibiotics in the livestock sector. Probiotics are microorganisms that, in adequate amounts, confer a health 
benefit, such as preventing and treating diseases and stimulating the immune response. The commonly used probiotic 
microorganisms in the food and pharmaceutical industries belong to the group of lactic acid bacteria. Different species 
of lactic acid bacteria can produce antimicrobial peptides as bacteriocins. Among these, Pediococcus pentosaceus is 
known for its activity producing Bacteriocin-Like Inhibitory substances (BLIS), although it is not entirely explored. 
This research focused on the in silico prediction of bacteriocin genes from 139 strain genomes obtained from NCBI 
RefSeq and Sequence Read Archive (SRA) databases. Our comparative genomics analyses suggest that P. pentosaceus 
presents an open pan-genome, with 1,145 genes being conserved by most strains, of which most are related to processes 
such as transcription, translation, repair, and metabolism mechanisms. We identified nine classes of bacteriocin genes 
in the analysis, highlighting four pediocin-like bacteriocins: pediocin PA-1, penocin A, plantaricin 423, and coagulin A. 
The composition of genomic loci and sequence variability for these peptides and their neighboring genes were checked 
and manually curated. These results show that these loci are conserved presenting similar elements and composition. 
Moreover, 3D-structure modeling of three pediocin-like bacteriocins (Penocin A, Coagulin A, and Plantaricin 423) 
was predicted, demonstrating the peptide’s structure variability, shedding new insights into the functional role of these 
biomolecules. In summary, our results may pave the way for showing the genomic characterization of P. pentosaceus 
bacteriocins and their functional roles, emphasizing their application potential in inhibiting bacterial pathogens.
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SEX-SPECIFIC TRANSCRIPTIONAL ALTERATION ANALYSIS  
OF MAJOR DEPRESSIVE DISORDER
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Abstract: 
Major depressive disorder (MDD) is an important neuropsychiatric disorder with high prevalence in Brazil, character-
ized by persistent depressed mood and/or loss of pleasure for at least two weeks. MDD is a disabling condition that 
predisposes to other complex pathologies, such as cardiovascular diseases, and may even result in suicide. MDD is 
more prevalent in women than in men and there are anatomical, immunological, neuronal and hormonal differences, 
which reflect different prognoses and symptoms between the sexes. However, there is no consensus regarding the MDD 
transcriptional alterations in men and women, as well as the functional implications of these alterations in the cellular 
metabolism. Most MDD transcriptional studies explain the disease’s pathophysiology by looking for changes in global 
gene expression. However, gene expression changes can also occur at the transcript level, as RNA splicing pathways 
may be altered. The present work seeks to investigate the transcriptional alterations of MDD in women and men through 
differential gene expression (DGE) analysis, differential transcript expression (DTE) analysis and analysis of differen-
tial isoform use (DTU) in post-mortem samples of six brain regions. The set of genes identified in at least one of the 
three approaches was called transcriptionally altered genes (TAGs), which represent the comprehensive transcriptional 
alteration profile of MDD. At total, 1075 TAGs were identified mainly in the prefrontal cortex. Approximately half of 
the transcriptional changes occurred only at the transcript level. We found a near absence of overlap between the altered 
genes identified in men and the ones identified in women. This indicates that MDD transcriptional alteration profile 
is sex-specific, considering both the gene- and the transcript-level alterations. We verified alterations in the RNA pro-
cessing and export pathways in the orbitofrontal cortex of women. Additionally, the DDX39B gene, an RNA splicing 
machinery member, was altered in different brain regions of women and men, respectively. Furthermore, we showed 
that the ATAT1 gene is altered in multiple brain regions of women and the ABR gene is altered in multiple brain regions 
of men, constituting potential sex-specific biomarkers for MDD.
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EVIDENCE OF TRANSCRIPTION OF PCP190 SATELLITE DNA  
IN THE CANE TOAD RHINELLA MARINA (ANURA, BUFONIDAE)
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Abstract: 
Repetitive DNAs make up the majority of the genome of eukaryotes and tandemly repeated DNA sequences known 
as satellite DNAs (satDNA) are the main component of constitutive heterochromatin. Although the role of satDNA in 
diverse functions, such as the organization of centromeres and regulation of gene expression, is known, the exact mech-
anism of action of most satDNA remains to be elucidated. In the genome of several anuran species of the superfamily 
Hyloidea, a family of satDNA called PcP190, likely derived from 5S rDNA, was identified. The repetitive sequence of 
this satDNA exhibits a conserved region (CR) of approximately 120 bp, which is highly similar among species, and a 
hypervariable region (HR) that varies in size and nucleotide composition among the species. A possible function of the 
CR has been suggested, but no further evidence of any role of the PcP190 satDNA is available. To contribute to the anal-
ysis of this open question, we searched for PcP190 sequences in the transcriptome of the bufonid species Rhinella ma-
rina. First, we characterized the PcP190 satDNA of this species searching for it in the genome assembly available in the 
NCBI (GCA_900303285.1). Four contigs of the R. marina genome had sequences of the PcP190 satDNA and enabled 
the recognition of a repetitive unit of 185 bp, which included a CR of 120 bp and a HR of 65 bp. The nucleotide sequence 
of a repeat unit of the PcP190 satDNA of R.marina was then used to search for similar sequences in three RNA-seq 
libraries of this species available in the NCBI (SRR1910543 - muscle/ SRR12622724 - liver/ SRR16201692 - brain). 
The RNA-seq reads were trimmed using the Trimmomatic tool and later mapped to the PcP190 sequence of R. marina 
using the BWA software. Mapping and coverage statistics were obtained using Samtools and the mapping results were 
visualized in the Tablet software. Six reads from the muscle transcriptome and 21 reads from the brain transcriptome of 
R. marina were mapped to the CR of the PcP190 repeat. The read mapping of the liver transcriptome of R. marina to 
the PcP190 sequence detected 78 reads, from which 12 coincided entirely or partially with the HR. These results show 
that the PcP190 satDNA is actually transcribed in R. marina. It is worth noting that not only CR transcripts but also HR 
transcripts were found. These findings represent relevant information for further studies on the functional role of this 
satellite DNA, which is widespread among the hyloid frogs.
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STRUCTURAL GENOMICS OF PHOSPHOPROTEIN PHOSPHATASES IN VITIS VINIFERA
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Abstract: 
Phosphoprotein phosphatases (PPPs) are enzymes responsible for the dephosphorylation of phosphoserine and phos-
phothreonine residues in specific proteins, reported to participate in regulatory mechanisms in plant immunity. PPPs 
are classified into eight subfamilies: PP1 (protein phosphatase type one), PP2A (protein phosphatase 2A), PP4, PP5, 
PP6, PP7, SLP (Shewanella - like protein) phosphatase, and PPKL (protein phosphatase with repeat domains Kelch). 
Although diverse, all members of PPP have a common and evolutionarily highly conserved catalytic site in plants. This 
work aimed to identify motifs, gene signatures and catalytic sites conserved in PPPs from Vitis vinifera. For that, 20 
VvPPPs protein sequences, previously mined from the Phytozome database, were used. The search for conserved mo-
tifs, gene signatures and catalytic sites was performed in the MEME 4.12.0 tool, considering motifs with E-value ≥ -5, 
as well as multiple alignments of the sequences through ClustalW in MEGA X software with default parameters. The 
analysis revealed ten conserved motifs for the VvPPP proteins. The number of motifs ranged from one to ten motifs 
per sequence, with most sequences having ten motifs. The PP1, PP2A, PP4, PP6, PP7, and PPKL subfamilies showed 
greater conservation of these motifs among themselves. In turn, the SLP and RLPH subfamilies shared only one and 
two motifs with the other VvPPPs, respectively. TOMTOM validated the 1<LRGNHESAQITRIYGFYDEC> motif as 
the signature motif of specific serine/threonine phosphatases proteins. Furthermore, three regions of conserved catalytic 
sites were identified in 90% of VvPPP: p-791: GDxHG, p-829: GDxVDRG, and P-864: GNHE, indicating that these 
proteins have a high substrate specificity. The results demonstrated that VvPPPs are highly conserved, except for the 
RLPH and SLP subfamilies, and contributed to a better understanding of the structural characteristics and diversity of 
PPP proteins in the V. vinifera genome.
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Abstract: 
Phosphoprotein phosphatases (PPPs) play a crucial role in phosphorylation-dependent signal transduction pathways and 
the regulatory control of plant immunity. Evolutionarily, the PPP family is highly conserved, responsible for about 80% 
of the dephosphorylation of phosphoserine and phosphothreonine residues of phosphorylated proteins. In plants, this 
family is composed of proteins PP1, PP2A, PP4, PP5, PP6, and PP7, with most dephosphorylation events attributed to 
PP1 and PP2A. Studies involving the action of PPPs on grapevines are still scarce. Thus, the objective was to identify 
and characterize genes that encode PPP family proteins in the V. vinifera genome. The putative V. vinifera proteome an-
notations were retrieved from the Phytozome database. The identification of PPP proteins was performed via BLASTp, 
using the cured PPP proteins from Arabidopsis thaliana as seed sequences, and by HMMER3, using the PF00149 
domain, available at Pfam. The conserved domains of candidate PPPs were analyzed by CD-Search and Pfam, being 
selected only the sequences with the presence of the PPP catalytic domain in both algorithms. Molecular weight (m.w.) 
and isoelectric point (p.I) were predicted by JVirGel 2.0 and subcellular localization by the BUSCA tool. Multiple se-
quence alignment was performed by MUSCLE using MEGA X software, with default parameters. The phenetic tree was 
constructed using the Neighbor-Joining method (bootstrap 1000) with the Jones-Taylor-Thornton substitution model. 
The loci associated with the VvPPP genes were retrieved from the Phytozome GFF files, and the VvPPP were renamed 
according to their chromosomal location. Twenty candidate proteins presented specific domains of the PPP family. The 
length and MW of the VvPPP proteins ranged from 298 aa and 33.85 kDa to 1134 aa and 126.92 kDa, with 85% of the 
proteins having an average of 324 aa. All proteins showed acidic p.I, ranging from 4.59 to 6.37. The majority (75%) of 
VvPPP candidates exhibited cytoplasmic localization. The phenetic analysis of VvPPP and AtPPP proteins revealed the 
formation of eight subfamilies (PP1, PP2A, PP4, PP6, PP7, PPKL, ??SLP, and RLPH) with adequate bootstrap values. 
The PP1 (bootstrap=100%) and PP2A (bootstrap=100%) subfamilies were the most abundant, with nine and five mem-
bers, respectively. Otherwise, the PP4, PP6, PP7, RLPH, and SLP subfamilies had only one member. No members of 
V. vinifera clustered in the PP5 subfamily, whose only member was AT2G42810 in Arabidopsis, suggesting that gene 
loss events occurred in Vitis. The VvPPP genes are anchored in 13 of the 19 pseudochromosomes of V. vinifera, with 
the pseudochromosomes 6 and 14 presenting the largest number of genes, with four and three, respectively, while the 
remaining pseudochromosomes showed one to two associated genes. Our results revealed high structural conservation 
of VvPPP with their AtPPP homologs. In addition, we provide a broader knowledge about the physicochemical and 
structural characteristics of PPP family members in grapevine.
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Abstract: 
Group 4 medulloblastomas (MB) are malignant tumors of the central nervous system and the most common MB sub-
group, followed by Group 3, SHH (Sonic Hedgehog), and WNT (Wingless). Although Group 4 and Group 3 tumors 
have an overlap in molecular profiles, they differ in their clinical characteristics and patient outcomes. The identification 
of novel markers for distinguishing between both groups would improve patient-oriented treatment strategies. Even 
though coding genes represent part of the molecular classification of MB, non-coding RNAs (ncRNA) are being shown 
to have a more expressive role than previously described. Thus, the aim of this work was to identify co-expression mod-
ules between subgroups of MB, focusing on the identification of ncRNAs associated with Group 4. CEMITools (Co-ex-
pression Modules Identification Tool) analysis were performed using the public gene expression dataset GSE85217 to 
determinate modules of co-expression genes associated with MB subgroups. Analysis showed that the module 4 (M4) 
were highly associated to Group 4. Among M4 genes, we identified four small-nucleolar RNAs (snoRNAs) that were 
differently expressed between Group 4 and the other MB subgroups (SNORA70C, SNORD115-25, SNORD115-32 and 
SNORD115-44). Using R2 - Genomics Analysis and Visualization Platform, we performed survival analysis and ob-
served that only SNORA70C expression impacted patient survival. Low expression of the snoRNA was associated with 
worse survival (p < 0.05). Correlation analysis revealed 5004 genes associated with SNORA70C (|R| > 0.3; p-value < 
0.05), which enriched for 130 Reactome pathways (p < 0.05) through EnrichR platform. The most significant included 
Neuronal System, Transmission across Chemical Synapses and NGF signaling pathways (p < 0.001). ASTN2 gene was 
the one with the highest correlation coefficient among all (|R| = 0.928; p < 0.001). Agreeably, ASTN2 is SNORA70C host 
gene and the snoRNA binds with an intronic region of the gene. Literature reports that snoRNAs which contains an H/
ACA box serves as a guide for pseudouridylation in ribosomal RNA, then controlling expression of its host genes. The 
expression of both SNORA70C and ASTN2 in Group 4 was significantly higher than in other subgroups, with a high 
accuracy in distinguishing between Group 4 and non-Group 4 MB (area under the ROC curve value of 0.957 [95% CI 
0.943-0.971] and 0.960 [95% CI 0.947-0.974], respectively). In cancer, hypermethylation was found near the host-gene 
for SNORA70C, and the expression of the snoRNA was downregulated when compared to cells without CpG island 
methylation. Our in silico analysis showed that Group 4 MB tumors had a higher methylation on the ASTN2/TRIM32 
locus (p < 0.001), an intronic region of ASTN2. This is a solid indication that snoRNA are targeted by epigenetic in-
activation from hypermethylation of host-genes, and the regulation of its expression can be related to cancer cells and 
tumor development. In conclusion, this study identified the snoRNA SNORA70C as a promising marker for Group 4 
MB tumors with prognostic implications for pediatric patients with MB. In addition, the association of its host gene with 
cerebellar development, suggest a potential role in the development of pediatric Medulloblastomas.
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Abstract: 
The relationship between microorganisms and plants is very well known. These interspecific relationships, harmonic or 
disharmonious, are crucial for the maintenance and survival of both plant and associated microorganisms species. To 
unravel the genetics of cupuaçu (Theobroma grandiflorum (Willd. ex Spreng.) Schum.), samples of biological material 
from leaves of plants, from C174 clone, which is resistant to Witch’s broom disease, were obtained. The total High Mo-
lecular Weight (HMW) DNA was extracted and sequenced using PacBio Sequel II HiFi reads. However, as expected, 
during the extraction of genetic material from the plant, prokaryotic DNAs ended up being sequenced together, which 
allowed, in some cases, the virtually complete assembly of a series of these microbial genomes. Indeed, these prokary-
otic genomes represent a population of the endophytic present in cupuaçu leaves that were never characterized before. 
Of the total genomes obtained, 11 belong to eight genera of the Actinobacteria phylum (Microbacterium, Quadrisphaera, 
Aeromicrobium, Nocardioides, Mycolibacterium, Mycobacterium, Gordonia, and Patullibacter). These genera are well 
known for being bacteria with high biotechnological potential. This is because many previously characterized species 
display their genome content, genes, and gene clusters associated with synthesizing active biomolecules derived from 
secondary metabolism. For instance, different species of the identified Actinobacteria in cupuaçu leaves are known to 
produce antibiotic compounds. To understand the biotechnological potential of these organisms associated with cupuaçu, 
a comparative genomic analysis of these 11 genomes was carried out along with another 15 genomes belonging to the 
same species of the identified genera, previously deposited at the NCBI. Such a comparison focused primarily on these 
bacteria’s secondary metabolism and was based on the AntiSMASH approach. Our analyses revealed the presence of 
298 genes or associated clusters involved in secondary metabolism and the synthesis of potentially bioactive molecules 
in the 26 investigated genomes, some of which are located in exclusive genomic regions. Thus, indicating that these are 
newly identified secondary metabolites gene clusters. Of these, 177 (58.4%), although determined by the AntiSMASH 
program, did not present any known biological function. We have also focused on identifying the species isolated from 
cupuaçu leaves, revealing many secondary gene clusters and genes potentially involved with plant-pathogen interactions 
and possible association or role with the resistance to Witch’s broom or other diseases. Thus, although still preliminary, 
these results highlight the importance of comparative genomics involving species of the phylum Actinobacteria as a 
resource for prospecting new bioactive potentials derived from genes associated with secondary metabolism. Moreover, 
our results also highlight the importance of the prospection of the bacterial community of native plants as a resource to 
identify potential new metabolites with biotechnological potential.
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Abstract: 
The golden mussel (Limnoperna fortunei) is an invasive species native to Asia that arrived in South America in the 
early 1990s. It has quickly spread through the continent since then causing numerous environmental and economic 
losses. Reference genomes are valuable tools to study the invasion history, dispersal routes, demographic assessment 
of established populations, and unraveling molecular mechanisms behind adaptness of invasive species. Here we pres-
ent a chromosomal-level genome assembly for the golden mussel. It was sequenced with three technologies: PacBio 
HiFi (23x coverage), 10X Genomics (44x coverage) and Hi-C (81x coverage). Contigs were assembled with HiFiasm 
(in Hi-C integrated mode). Then, the assembly was polished with 10X reads, longranger and freebayes. Contigs were 
scaffolded with YaHS and Hi-C data. The final assembly is 1.37 Gb long and is contained in 559 scaffolds, with 93% of 
sequences distributed over the first 15 scaffolds (which putatively represent the 15 chromosomes described by karyotype 
experiments). The genome is currently going through manual curation (Grit team, Sanger). This genome represents a 
significant improvement over our first assembly (Uliano-Silva et al, 2018), sequenced with short reads and a low cover-
age of PacBio CLR reads. The new assembly scaffold N50 is 87.95 Mb, i.e. 281 times longer than the scaffold N50 from 
the previous assembly (0.312 Mb). The BUSCO analysis found 95.8% complete metazoan genes and the Merqury k-mer 
completeness was around 99%, indicating that the assembly is fairly complete. The Merqury k-mer analysis also indi-
cated a high quality phred score of QV55. Repetitive sequences were identified with RepeatModeler and RepeatMasker 
and 47.36% of the genome was masked. BRAKER2 pipeline with the use of RNA-seq and homologous protein data 
predicted 58638 protein coding genes. The high contiguity and completeness of the new golden mussel genome make it 
an unprecedented resource for current/future studies. For instance, the new genome is a reliable reference against which 
we can align resequencing data and study genetic diversity. This is especially relevant since other bivalve species have 
shown large structural variation among different specimens, including even presence/absence variation of genes. Other 
applications include comparison to other species’ genomes and identification of genes related to important physiological 
processes (e.g. reproduction). With all that, we believe that the new reference genome will be a useful tool to study the 
golden mussel and contribute to manage/control its invasion.
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Abstract: 
Protein-protein interaction (PPI) networks are especially effective in understanding biological processes and in de-
veloping new treatments for various diseases. These networks allow the integration of data from different databases 
in a simple interface applicable to the solution of biological problems. Used together with computational prediction 
techniques, PPI networks represent an alternative in the search for new molecular targets and treatments for infectious 
or genetic diseases. Obesity is a disease defined by the World Health Organization (WHO) as excessive accumulation 
of body fat that poses a health risk. Lifestyle, hormonal changes or genetic predisposition can trigger the development 
of the disease, which can be a risk factor for many other chronic diseases. In this work, we integrated pharmacological 
and molecular data associated with obesity of genetic etiology into PPI networks and used metrics and computational 
prediction tools to identify potential new treatments. To achieve these goals, we use data mining strategies to search 
and extract data from different genetic (OMIM, CliVar, nucleotide, etc), biochemical (DrugBank, PubChem, etc) and 
bibliographic (PMC, Scielo, etc) bases associated with obesity. These data were integrated into a human PPI network 
extracted from the String database and processed to obtain a minimal subgraph associated with obesity, using scripts 
developed in Python language and the pandas and igraph libraries. From this new network, metrics and paths were 
calculated in simulations of valued and unvalued networks, using the integrated data weighted in the graph valuation. 
The creation of complex networks allows the analysis of their properties and their main elements. The data search and 
extraction through data mining returned a list of 5 proteins associated with genetic obesity and 170 modulatory bioprod-
ucts of these proteins. The PPI network generated from these data has 16,814 vertices and 505,968 edges, distributed in 
98 components. The scripts developed in this work include methods for automating: 1- working directory; 2- extraction 
of the main network from the STRING database; 3- integration and construction of a minimal subgraph; 4- Basic metrics 
calculations. The simulations performed so far include variations in the graph size according to data from the STRING 
database (combined score or type of interaction) and the exclusion of proteins inhibited by bioproducts according to the 
integrated databases. Each simulation generated a matrix of minimal pathways between the proteins in the network and 
the comparisons between matrices allowed the identification of predictive molecular targets with greater potential for 
modulating the genetic obesity phenotype. This study is a computational prediction and, therefore, should be comple-
mented by experimental validation. However, such predictions direct the search for molecular targets and, thus, expo-
nentially reduce the costs and time for research. The scripts developed in this work automate part of the bioinformatics 
research and contribute significantly to the study of genetic obesity and other diseases associated with polymorphisms. 
The development of new approaches and the integration of different data allows us to take a holistic look at the treatment 
of diseases influenced by genetic factors.
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Abstract: 
Due to their broad-spectrum activity, plant-derived antimicrobial peptides (AMPs) have become important candidates 
for the development of new drugs, especially for their antiviral, antitumor, and anti-inflammatory action. Because of 
the pandemic of the Covid-19, it is feasible to evaluate through in silico methodologies the possible activity of AMPs 
against the SARS-CoV-2 virus. The prospection of AMPs with antiviral activity was carried out from the search for the 
amino acid sequence of these peptides in public databases of antimicrobial peptides, such as the Antimicrobial Database 
(dbAMP). The choice of the SARS-CoV-2 main protease (Mpro or 3CLpro) as a pharmacological target was based 
on a thorough literature review and search for similar studies. The three-dimensional structure of the protease was re-
trieved in pdb format from the Protein Data Bank (PDB) database (ID: 6LU7). Only the sequences of plant AMPs with 
antiviral properties described in literature and containing less than 50 amino acids were retrieved. Therefore, through 
Autodock-Vina and MGLTools, the AMP structures with antiviral potential selected were subjected to the molecular 
docking process with the main protease (Mpro) of the virus, to assess the binding energy of these complexes. Addition-
ally, through GROMACS, to analyze the stability and flexibility of the two complexes with the best docking binding 
energies, molecular dynamics in explicit solvent were implemented. Among the AMPs tested as Mpro inhibitors, only 
5 exhibited appreciable binding energies against SARS-CoV-2 3CLpro. The five phyto-ligands that showed the lowest 
binding energies and possible antiviral potential against the coronavirus were: Tricyclon A, Kalata B2, Circulin A, Vhl-
2, and Kalata B1 with binding energies -5.1, -5.5, -5.5, -5.7 and -5.7 kcal/mol, respectively. From the molecular dy-
namics simulations carried out using GROMACS for the Mpro complexes with peptides 1KAL and 2KUK, in addition 
to the trajectory of the total energy of the complexes during the simulation, the values of Root Mean Square Deviation 
(RMSD), Root Mean Square Fluctuation (RMSF) and Radius of Gyration (Rg) were obtained. For the complex with 
Kalata B1 (PDB ID: 1KAL), the total energy obtained at the end of the process was -965218.12 kJ/mol. The complex 
has an average RMSD and RMSF values of 6.72 nm and 0.087 nm, respectively. Furthermore, the average value of Rg 
is 2.22. On the other hand, for the complex with the Vhl-2 peptide (PDB ID: 2KUK), the total energy obtained at the end 
of the process was -966286.87 kJ/mol. The complex has an average RMSD and RMSF values of 6.70 nm and 0.08 nm, 
respectively. Besides, the average value of Rg is 2.21. Because of the results presented and results obtained in similar 
studies, it is possible to highlight the possibility of developing potential new drugs from the peptides studied, which 
can directly affect the replication of the SARS-CoV-2 virus in the human body, by inhibiting the main protease activity.
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Abstract: 
One of the aspects of metagenomics workflows that is most lacking is the support for quick exploratory analysis, since 
many workflows only provide as an end result plain text tables that don’t give initial insights into the general quality of 
the taxonomic classification. Said situation leaves quality control and exploratory analyses to be made afterwards, to-
gether with other downstream processing, which can prove troublesome or inefficient. With MicroView, a Python-based 
command line interface tool, we can parse and aggregate results from multiple taxonomic classification softwares, such 
as Kaiju, Kraken2 and Centrifuge, providing as an end result an HTML report with interactive graphics and commonly 
used statistics tables. This interactive report contains per-sample metrics, such as information regarding the quantity 
of reads from the original sample that were assigned to taxa, diversity and abundance statistics like alpha diversity, 
beta diversity and Pielou’s evenness, as well as charts describing the most common taxa found among the samples. By 
way of an easy-to-use and well tested command line tool, we can give insights regarding sample composition, such as 
which samples are more diverse or species-rich or which samples cluster together when analyzed by their beta diversity, 
this can guide downstream analysis by making the researcher aware of which groups or samples in their data are more 
suitable to differential abundance analyses or guide hypotheses on the presence of microbial communities therein. Fur-
thermore, by showing the representation of the most common taxa in each sample, we contribute to initial hypotheses 
on species imbalance, like those brought to by dysbiosis or other conditions. Moreover, the statistics on read assignment 
generated by our tool can potentially show researchers if there were any errors or inaccuracies during the initial process-
ing or the taxonomic classification. Therefore, MicroView empowers both bioinformaticians and wet-lab scientists by 
bringing forth new discoveries that could have easily been passed by or only be found in later stages of research.
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WHAT UNMAPPED READS CAN TELL ABOUT SUGARCANE UNDER BIOTIC STRESS?
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anne Van Sluys2 
1Bolsista. Rua do Matão 277, Butantã, São Paulo - SP. Universidade de São Paulo; 2Docente. Rua do Matão 277, Butantã, São 
Paulo - SP. Universidade de São Paulo

Abstract: 
The sequencing of total transcriptomes makes it possible to identify not only which genes are being expressed and their 
level of expression as well as other classes of non-coding RNAs. There are two strategies to work with the reads gen-
erated from total RNA sequencing, (i) “mapping first” being the most common for sequences with genomic references. 
Alternatively, we developed an alternative strategy that is (ii) de novo assembly after mapping and filtering to selected 
reference genomes strategy (de novo_AMFSRG). It consists of assembling contiguous sequences with non-mapped 
reads, in which cases there is a potential higher rate of gene discovery. Our aim in this study is to integrate these two 
techniques to capture unmapped reads, using the susceptible sugarcane cultivar subjected to a biotic stress produced 
by the inoculation with Xanthomonas albilineans leaf scald agent. The reads generated from different treatments were 
mapped and filtered, respectively, in the ribosomal sequences of the chloroplast, the genome and the mitochondria of 
sugarcane, in the genomes of the two bacteria used and in reference genomes of sugarcane. After filtering through all 
genome references, there were between 10% to 19% of unmapped reads(single and paired-end). Each batch of un-
mapped reads were assembled using Trinity de novo assembly of RNA-Seq data (Galaxy Version 2.9.1) and contigs 
larger than 1kb were selected, as well as the exclusion of redundant contigs between replicas of the same treatment. At 
this point in the pipeline, the contigs were aligned against known sequences of organisms in databases, being identified 
and subsequently selected for the following steps. Several contigs displayed high TPM values across all conditions. 
Interestingly, these sequences were aligned against the Saccharum and NR taxa, more specifically against the Poaceae 
family. Thus, a BLAST of these sequences was performed against sugarcane transposable elements already identified in 
previous studies, which showed similarity against assembled contigs. Furthermore, analyses of Bacteria-aligned contigs 
revealed that Acinetobacter soli is differentially distributed between the experimental designs. Furthermore, we expect 
to find a relationship between these reads against selected lncRNAs from nearby species, verifying their effects during 
treatments.More analyses are needed to validate the data, but our conclusion is that the study of unmapped reads gener-
ates information about transcripts that would go unnoticed and have relevance to the study, in addition to showing the 
microenvironment in which the studied organism is exposed.
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UNRAVELING THE DIURNAL METABOLISM OF SUGARCANE AND ENERGY-CANE:  
AN INTEGRATED ANALYSIS OF METABOLOMICS AND TRANSCRIPTOMICS

Jovanderson Jackson Barbosa da Silva1; Lucas Miguel de Carvalho1; Luís Guilherme Furlan de Abreu1; 
Gonçalo Amarante Guimarães Pereira2; Marcelo Falsarella Carazzolle3 
1Bolsista. Campinas, SP, Brazil. Universidade Estadual de Campinas; 2Docente. Campinas, SP, Brazil. Universidade Estadual de 
Campinas; 3Pesquisador. Campinas, SP, Brazil. Universidade Estadual de Campinas

Abstract: 
Energy-cane is a commercial hybrid originated from cross-breed between commercial sugarcane plants (high sugar 
content) and Saccharum spontaneum (high fiber content). Its cross results in plants with high fiber content, low sucrose 
content and higher productivity compared to commercial sugarcane hybrids, making the energy-cane as a model for 
production of second-generation ethanol and energy cogeneration. Although sugarcane is widely studied from the point 
of view of genomics and molecular biology, little is known about the energy-cane metabolism. Here, we use metab-
olomics and transcriptomics approaches to understand the metabolic and transcriptional differences that occur in the 
leaf (source) and stem (sink) tissues of energy-cane and sugarcane during the diurnal cycle. For this, we carried out an 
experiment in which the leaf and stem tissues of sugarcane and energy-cane were collected during a diurnal cycle, with 
four collection points (ZT6, ZT12, ZT18 and ZT24). To explore the metabolic differences, the collected samples were 
submitted to two metabolomics approaches - LC-MS (liquid chromatography-mass spectrometry) and GC-MS (gas 
chromatography-mass spectrometry). The spectra obtained were quantified by MZMine2, the compounds were iden-
tified through the GNPS database (Global Natural Product Social Molecular Networking) and CANOPUS (SIRIUS v. 
4.9.3), the statistical analyzes were performed on MetaboAnalyst (v. 5.0), then we used the WGCNA (v. 1.71) to perform 
a correlation network analysis of the metabolites. To analyze the expression of genes expressed during the diurnal cycle, 
samples were sequenced by Illumina NovaSeq-6000 platform. With the reads obtained, we performed two assembly 
approaches, using Saccharum spontaneum genome as reference through HISAT2 (v. 2.2.1) + StringTie (v. 2.2.1), and 
de novo approach without a reference genome using Trinity (2.12.0), gene expression was obtained through kallisto (v 
0.46.2), transcript annotation was performed with PANNZER (Protein ANNotation with Z-scoRE), differential expres-
sion analysis was performed with Sleuth (v. 0.30.0) and cluster analysis by R cluster package (v. 1.10.8). From the me-
tabolomics data, we reconstructed the diurnal metabolism of sugarcane and energy-cane. As a result of the comparison 
between sugarcane and energy-cane, we identified that many metabolites underwent phase changes during the diurnal 
cycle in leaf and stem tissues, many biological pathways were more active in energy-cane compared to sugarcane, such 
as the phenylpropanoid pathway. The transcriptomic analysis revealed about 100 thousand transcripts with isoform and 
about 30 thousand genes per loci expressed by tissue and time in the two cultivars, of which more than 70% of these 
genes have functional annotation and approximately 1/3 were differentially expressed between times or between culti-
vars. Cluster analysis revealed that some gene clusters are specific for sugarcane and others are specific for energy-cane. 
In the next steps, we will correlate metabolomics and transcriptomics data by co-expression networks. In conclusion, the 
knowledge generated on the metabolism of energy-cane in relation to sugarcane will enable the development of more 
productive varieties to supply the sugarcane sector.
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PANGENOME APPROACHES REVEAL NEW INSIGHTS OF THE BRAZILIAN ISOLATES 
FROM RALSTONIA SOLANACEARUM SPECIES COMPLEX (RSSC) 
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Abstract: 
Bacterial isolates from the former RSSC (Ralstonia solanacearum species complex) have been in the spotlight of agro-
nomical research, as they represent a major threat to diverse worldwide crops, such as tomato, eggplant, banana, and 
others. Although the species are currently classified based on four existing phylotypes, RSSC’s taxonomy intrigues 
scientists to date: even though Brazil is proposed as the dispersion centre of R. solanacearum, as for the rich genetic 
structure found in Brazilian isolates, very few of them accord on phenotypic and genetic classification. Therefore, the 
objective of the present work is to investigate the taxonomy of northern and northeastern Brazilian isolates of R. sola-
nacearum infecting tomato and banana plants based on whole-genome approaches. For this purpose, 14 isolates were 
sequenced on a paired-end HiSeq2500 Illumina platform, assembled, and subsequently annotated for pangenome anal-
ysis. Along with them, R. solanacearum and R. pseudosolanacearum complete genomes available in public databases 
were chosen to enrich the study. After assembly, BUSCO showed that all genomes were complete, with over 90% of 
the single-copy orthologs present. The pangenome predicted by Roary among these 34 genomes analyzed 29507 genes 
in total: 1301 core genes and 22206 accessory genes. The phylogenomic tree reveal a probable global misclassification 
of RSCC’s genomes in public databases since little to no difference was detected among Asian R. solanacearum and R. 
pseudosolanacearum strains. These analyses ensure whole-genome approaches as a powerful tool for bacterial species 
classification and further analysis is required to establish correlations between genomic data and evolutive relationships 
of this bacterium.
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MICROBIAL ABUNDANCE AND EXPRESSION  
IN THE RUMEN MICROBIOME OF NELORE CATTLE
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Gerson Barreto Mourão5; Luiz Lehmann Coutinho5; Luciana Correia de Almeida Regitano2 
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Piracicaba, São Paulo, Brasil. Universidade de São Paulo

Abstract: 
The study of the microbiome related to fermentation in ruminants can help to optimize the conversion of animal protein. 
However, most species present in the rumen are unculturable , which makes the study of such microorganisms challeng-
ing. Advances in scientific knowledge, especially in the areas of molecular biology, biotechnology and bioinformatics, 
have paved the way to provide deeper genetic information on the rumen microbiome. Within this scenario, metage-
nomics and metatranscriptomics have been filling some gaps and deepening our knowledge about the microbiome. By 
integrating both approaches, we can elucidate not only the taxonomy of the microorganisms present in the rumen but 
also study the gene expression within this community. Therefore, in the present work we analyzed the gene expression 
of the most abundant genera identified in the rumen metagenomes of 50 Nelore cattle. For this, the total DNA and the 
total RNA of the rumen contents were extracted and sequenced on an Illumina NextSeq equipment. The raw DNA and 
RNA paired-end reads were trimmed and quality filtered. The rRNA reads were then separated from the non-rRNA 
reads using SortMeRNA software. The host’s genetic material was filtered using the BBmap software. The filtered se-
quences of both DNA and RNA were submitted to the Kraken pipeline. The 20 most abundant genera identified on the 
metagenomes and metatranscriptomes were selected. Pearson’s correlations between the 20 most abundant genera in the 
metagenome and their respective degrees of expression in the metatranscriptome were obtained. The results indicate that 
out of 20 most abundant genera in the metagenomes, 10 also stood out in the metatranscriptomes, being the most active. 
They were: Prevotella, Bacteroides, Clostridium, Methanobrevibacter, Blautia, Fibrobacter, Ruminococcus, Alistipes 
and Butyrivibrio. These genera play important roles in starch degradation and utilization, polysaccharide degradation, 
cellulose degradation, proteolytic activity, lipolytic activity, and fermentation of soluble carbohydrates. Pearson’s cor-
relation analysis indicates that there is a positive correlation (p = 0.91) between the mean abundance obtained in the 
metagenome and the mean expression level of the metatranscriptome. The results found throughout this work indicate 
that there is a relationship between the abundance of microorganisms present in the rumen content and their respective 
degrees of expression. Therefore, this study provides a preliminary comparison between high-throughput sequencing 
metagenome and metatranscriptome data generated from Nelore rumen contents and may serve as a basis for future 
studies.
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RATIONAL DESIGN OF ANTIMICROBIAL PEPTIDES OF TWO CAATINGA LEGUMES: 
CENOSTIGMA PYRAMIDALE AND STYLOSANTHES SCABRA
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Aragão1; Mireli de Santana Rego1; Ayug Bezerra Lemos1; Ana Maria Benko Iseppon3 
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Abstract: 
Emerging public health problems (such as resistant infections) and lack of treatment for newly discovered microor-
ganisms require the development of new therapeutic alternatives. In this scenario, antimicrobial peptides stand out for 
their effectiveness. Main peculiarities regard their heterogeneous sequences and richness in cysteines that form disul-
fide bonds. However, natural peptides can have undesirable effects. So, in addition to their prediction, they may also 
be modified and improved by rational design. This work focused on prospecting antimicrobial peptides from primary 
sequences of Stylosanthes scabra and Cenostigma pyramidale (both Leguminosae) to understand their functionality, 
elucidate their three-dimensional structure and evaluate the quality of the rational design. Template sequences were tak-
en from Uniprot, AMP database, Pfam, and Interpro. Sequence mining in the transcriptome and genome of Cenostigma 
pyramidale and Stylosanthes scabra was performed by different approaches (BLAST, HMMER3, and REGEX). The 
candidate sequences chosen were those that presented an α-hairpinin-like domain. Characterization was based on the 
detection of a signal peptide by SignalP, formation of disulfide bridges by DiANNA, isoelectric point by the IPC, mo-
lecular weight, and average hydropathicity by the ExPASy ProtParam tool, in addition to the prediction of antimicrobial 
activity by machine learning methods in CAMPR3. The peptides were fragmented into regions of antimicrobial activity 
consisting of 10 and 20 amino acids, and 10 were selected for rational design. Modifications were made to the amino 
acid sequence to improve its amphipathicity, hydrophobicity, hydrophilicity, and antimicrobial activity. Also, toxicity 
was verified in Toxinpred and the allergenic potential in AllerCatPro. The three-dimensional structure was elucidated 
by AlphaFold2, and the quality was validated by observing its confidence measures, the quality of the z-Score folding, 
free energy with QMeanDisCo, and stereochemistry with Ramachandram plots. Stability verification was carried out by 
molecular dynamics simulations using the GROMACs 5.0.7 package, GROMOS96 53A6 force field, SPC water model, 
1 bar of pressure and 300 K of temperature for 100 ns. 1285 candidates were identified by BLAST, 17 by HMM and 
2695 using REGEX. 34 sequences were chosen due to unpredicted domain; it was observed in the multiple alignment 
that motifs with four cysteines remained conserved, 23 preserved an α-hairpinin motif and one sequence was found 
either using BLASTp, or HMM. 5 showed signal peptide, 23 two disulfide bonds, pI ranged from 3,09 to 11,80, molec-
ular weight 2,189 - 14,758 kDa. No designed peptide demonstrated cytotoxic or allergenic potential prediction. They 
obtained scores above the cutoff in predicting antibacterial, antifungal and antiviral activity. All models were validated 
on folding and AlphaFold’s confidence measures. Peptides change conformationally to their most stable form for coils 
in dynamics with no preservation of the alpha-helix. The identified candidates are potential targets for drug development 
in an innovative approach considering the Caatinga plants since the predictions showed a broad-spectrum antimicrobial 
activity and no toxicity. The short size of the sequences also favors their biotechnological application.
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STRUCTURAL AND FUNCTIONAL ANALYSIS  
OF CASSAVA (MANIHOT ESCULENTA) LECTINS
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Abstract: 
Lectins are proteins with important applications in biotechnology, such as the detection of cell tumors. Their effective-
ness against pathogens has been studied, showing relevance even for developing vaccines, among other approaches. 
The hevein family of antimicrobial peptides (AMPs) comprises lectins-like proteins, justified by the presence of a 
chitin-binding domain, essential to the antifungal action. These peptides are composed of 29 to 45 amino acids, have 
cysteine-rich (8-10) sequences, and are positively charged. Their structure is characterized by the presence of a coil-
β1-β2-coil-β3 structural motif, and the central beta-sheet with 2 coils is stabilized by disulfide bonds. The present study 
aimed to identify heveins in the Manihot esculenta proteome and characterize their functionality and structure through 
in silico techniques. The cassava protein database (NCBI) was used. Sequences were selected from UniProt, PhytAMP 
and Pfam to act as templates in the search for AMPs. Ortholog sequences were recovered by BLAST, HMMER3, and 
REGEX mining methods, which were filtered using domain search. Candidates’ characterization was carried out by 
evaluating the domain using CD Search, presence of disulfide bridges, isoelectric point, molecular weight, grand aver-
age hydropathicity (GRAVY), and antimicrobial activity. The peptides with the best scores in antimicrobial activity had 
their three-dimensional structure elucidated by comparative modeling with Modeller 10.1, selecting the one with the 
least free energy. The quality of the models was observed by z-Score in Prosa II Web, global score by QMEANDisCo, 
and probability of stable conformation by Ramachandran plot. Molecular dynamics simulations were performed to ver-
ify the stability of these peptides with GROMACs 5.0.7, using GROMOS96 force field, SPC, 1 bar pressure and 300 K 
temperature for 100 ns. The mining with BLAST and HMMER3 identified both 11 candidates while REGEX retrieved 
14. 22 sequences presented the Chitin_bind_1 domain. The sequences showed 5 to 14 cysteine residues, most with 8 
cysteines present in 9 sequences. The number of amino acids ranged from 23 to 37. Molecular mass varied between 
2,403 to 4,033 kDa, pI 3.09 to 7.54, GRAVY -0,208 to -0,708. Overall, theoretical models showed 2 antiparallel be-
ta-sheets, 3 disulfide bonds and a long loop. Only 4 models are below 0.80 in the QMEANDisCo global score, varying 
from 0.71 to 0.86, indicating that all models presented values compatible with those resolved in vitro. All models were 
validated on the z score measuring and obtained more than 80% probability of a stable conformation on the Ramach-
andran plot. Molecular dynamics showed that the peptides are stable. There was a little fluctuation between residues, 
and they tend to maintain their beta-sheets and loops. It was possible to find 11 hevein-like peptides in the proteome of 
Manihot esculenta by bioinformatics techniques with typical hevein features. The candidates exhibit favorable charac-
teristics for drug design and plant genetic improvement.
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IDENTIFICATION OF NATURAL COMPOUNDS ABLE TO INHIBIT TETRANYCHUS  
URTICAE-SPECIFIC PROTEINS AIMING TO DEVELOP NEW BIOACARICIDES
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Abstract: 
The two-spotted spider mite Tetranychus urticae Koch (Acari: Tetranychidae) is an extreme generalist pest that feeds on 
more than 1,000 plant species, of which approximately 150 are important agronomic crops, including soybean. Under 
the current climate change scenario, T. urticae shortens its life cycle, produces more generations per year and broadens 
the host range. The control of T. urticae largely depends on the use of synthetic acaricides. However, it has developed 
resistance to most currently available acaricides used for its control. Therefore, searching for natural compounds able to 
bind and inhibit mite-specific proteins, which could lead to mite death without interfering in non-target organisms and 
without affecting the environment, is a hot topic in the fields of acaricide development and pest management. In this 
study, we aimed to identify T. urticae-specific proteins that could be used as targets to the development of new bioaca-
ricides. Therefore, we compared the genomes of T. urticae, Homo sapiens, Glycine max and Apis mellifera to identify 
mite-specific proteins. From the comparison, 6,224 T. urticae-specific proteins were found, which were later compared 
to sequences of protein structures deposited in the Protein Data Bank (PDB) to verify the existence of similar proteins 
determined experimentally. Only one of this T. urticae protein (tetur07g02040 - intradiol ring-cleavage dioxygenase) 
was identified to have an experimentally determined structure. This protein target was used to perform structure-based 
virtual screening in two databases of natural compounds (Supernatural and NuBBe - 4,672 small molecules being eval-
uated), aiming to identify natural compounds that selectively bind to the active site of the target. The effectiveness of 
the most promising compound (sn00007964) was shown in vitro by dioxygenase inhibition based on enzyme kinetics 
experiments, while in vivo experiments (mite toxicity by compound spraying) are under way. The non-toxicity of the 
compound was also confirmed through application of the compound in murine and human cell lines, while the applica-
tion in bees and soybean plants is also under way. We confirm that structural genomics and bioinformatic approaches 
(combined with in vitro and in vivo techniques) can be used to identify, characterize, and validate new protein targets 
that can be used to fight or prevent T. urticae infestations through the development of new bioacaricides.
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COMPARATIVE GENOMICS IN THE INVESTIGATION OF THE PROTECTIVE  
ROLE OF LACTOBACILLUS GASSERI AND LACTOBACILLUS PARAGASSERI  

IN VAGINAL HOMEOSTASIS AND BIOPROSPECTING OF PROBIOTICS  
FOR THE TREATMENT OF BACTERIAL VAGINOSIS 
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Abstract: 
The vaginal microbiota is mainly composed of bacteria of the genus Lactobacillus, and L. gasseri is believed to be 
commonly found in healthy women, playing an important role in maintaining vaginal homeostasis and preventing the 
onset of bacterial vaginosis (BV). Although some probiotic strains of L. gasseri have already been studied as an alter-
native for the treatment of BV, the genetic factors involved in protective mechanisms have not yet been fully clarified. 
Furthermore, in 2018, a new sister taxon was identified, namely Lactobacillus paragasseri, whose role in maintaining 
vaginal health still needs to be further investigated. In order to better understand these mechanisms and perform the 
bioprospecting of new probiotic strains, we sequenced six new complete genomes of lactobacilli isolates (G4, G5, G11, 
CRI16, CRI18 and J1) from vaginal fluid collected from healthy women in Brazil. Afterward, a computational approach 
based on taxonomic and functional comparative genomics was carried out using 82 sequences of complete genomes 
from the NCBI, being 62 from L. gasseri and 21 from L. paragasseri. The completeness of the genomes collected at the 
NCBI were analyzed using the BUSCO tool and sequences with a percentage greater than or equal to 90% were included 
for further investigations. The Average Nucleotide Identity (ANI) among all the strains was estimated after blastn align-
ment (ANIb) using the pyani tool, which showed values above 95% indicating that the G5 and G11 genomes belong to 
L. gasseri and CRI16, CRI18, G4 and J1 belong to L. paragasseri. Moreover, a multilocus phylogenetic analysis using 
92 orthologous genes revealed the same result regarding the taxonomic classification of the strains forming two large 
clades. Furthermore, the prediction of genes encoding antimicrobial peptides was performed in the six isolates from Bra-
zil, revealing two bacteriocin genes present in the genome of L. gasseri G11 and one in the G5 strain. In L. paragasseri, 
eight bacteriocin genes were found in strains G4 and J1, seven in CRI18 and three in CRI16. Therefore, it is possible to 
conclude that these isolates from Brazil have the potential probiotic characteristics to be explored.
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BIOLOGICAL DIVERSITY CAN INFLUENCE THE G+C GENOMIC SIGNATURE  
OF SOIL MICROBIAL COMMUNITIES
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Abstract: 
The G+C (%) (Guanine and Cytosine) content of bacterial genomes is highly variable and correlates to microbial envi-
ronmental niches and lifestyles. It has been demonstrated that phylogenetic composition and environmental conditions 
affect G+C (%) signatures. However, little is known about the effect of biological diversity on this trait. We hypothesized 
that, in the same environment, communities with higher and lower diversity should have different G+C (%) signatures 
due to shifts between species, controlled by ecological interactions. To test this, we irradiated soil samples with Gamma 
radiation (50 kGy, near sterilization), and replaced the microbial community, but a fraction diluted 10-3 times. The soil 
was left resting to stabilize the community for 15 days after inoculation, and then maize was seeded (30A37PW, Morgan 
Seeds). After another 15 days, we used metagenomics to evaluate the specialized rhizospheric community. Three levels 
of soil microbial diversity were evaluated, 4 replicates each: Natural non-irradiated (Higher diversity - HD), Irradiated 
replaced with 10-3 diluted fraction (Intermediate diversity - ID), and Irradiated without inoculation (Lower diversity - 
LD). The total DNA extracted (DNeasy® Plant Mini Kit, Qiagen) was sequenced using a 2x100 bp paired-end NextSeq 
(Illumina) technology (32 ± 3.2 M per sample), and the G+C (%) signatures and bacterial alpha diversity Shannon’s 
index, based on rarefied 16S rRNA data, analyzed using MG-RAST platform. A second dataset from the Arctic environ-
ment, publicly available, was used to validate the same hypothesis. This soil was sterilized by autoclaving, and the com-
munity was replaced with dilutions 10-1 (HD), 10-3 (ID), and 10-5 (LD), 6 replicates each. The soil DNA was extracted 
(DNeasy® Powersoil kit, Qiagen), sequenced by 2x150bp paired-end HiSeq (Illumina) technology (3.6 ± 0.8 M reads 
per sample) and the same parameters of G+C (%) signature and Shannon’s diversity evaluated using MG-RAST. We ob-
served from the rhizospheric soil that G+C (%) profile in the HD community had only one defined peak centered on 60% 
G+C, whereas the LD and ID treatments had a second peak in the G+C (%) profile centered on 40% G+C, consistent 
among the replicates. Also, the data presented a linear correlation of R2=0.46 between alpha diversity and average G+C 
(%) in the community. The Arctic soils showed in the HD soils two peaks in the G+C (%) profile, one centered in 40% 
G+C (148 ± 18 k reads) and the other centered in 60% G+C (85 ± 9.7 k reads). The same peaks were detected in ID soil, 
however, there was no difference between the abundance of reads, 40% (151 ± 35 k reads) and 60% (149 ± 45 k reads). 
The LD treatment had only one peak of 68% G+C. Also, the linear correlation between alpha diversity and G+C (%) 
content was R2=0.79. Our results show that, besides the environmental conditions and phylogenetic composition, the 
soil microbial diversity can influence the G+C (%) signature of microbial communities at different levels. Future anal-
ysis will evaluate which microbial groups and predicted genetic functions follow the G+C (%) shifts in the community.
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Abstract: 
The cattle rumen is specialized in the breakdown of dietary matter into energy and nutrients, which is mainly performed 
by enzymes encoded by the microbiome. Among these enzymes, the carbohydrate-active enzymes (CAZymes) play 
a crucial role in the processing of complex dietary carbohydrates into components that can be absorbed by the host. 
Considering that the rumen and stool microbiome composition and genetic content are largely determined by the host’s 
diet, here, we recovered draft genomes from 52 Brazilian Nelore bulls’ microbiomes to explore the effects of different 
diets on the set of CAZymes. These animals belong to two feed intervention treatment groups, of which 26 received 
a conventional diet and 26 received a by-product-based diet. Total DNA extracted from the rumen and stool samples 
were used to construct metagenomic libraries, which were sequenced on an Illumina NextSeq equipment. Raw paired 
reads were trimmed and quality filtered. Reads that mapped the host genome were removed. A total of 2.6 billion read 
pairs remained after these steps. For genome recovery, the metagenomes were co-assembled and single-assembled using 
MEGAHIT. Binning and de-replication were performed using MetaBat2 and dRep, respectively. High-quality bins were 
taxonomically assigned with GTDB-Tk. Predicted proteins from the MAGs were searched against the CAZy database 
using dbCAN2. With this, we recovered 447 ruminal and 469 stool metagenome-assembled genomes (MAGs). Most 
ruminal and stool MAGs were classified as belonging to the Clostridia class, mainly represented by the orders Oscillo-
spirales and Lachnospirales, and to the Bacteroidia class, represented by the Bacteroidales order. Among the putative 
CAZymes genes identified in the MAGs, the majority encode glycoside hydrolases (GHs) and glycosyltransferases 
(GTs). The most abundant GHs in both ruminal and fecal MAGs are members of the GH13, GH3, GH2, GH5, GH43 
and GH77 families. These families comprise oligosaccharide degrading enzymes, but also cellulose, hemicellulose and 
starch degradation enzymes. The diversity in the functions and pathways to which the CAZymes are associated may be 
a reflection of the different diets that were administered to the animals. This study has the potential to unravel the rep-
ertoire of enzymes involved in feed degradation and their potential impact on cattle phenotypes such as feed efficiency 
and methane emission.
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Abstract: 
Mucopolysaccharidoses (MPS) are lysosomal storage disorders characterized by the accumulation of not fully degraded 
glycosaminoglycans (GAGs) in lysosomes. MPS type IV-A is part of this set of disorders, and is caused by mutations 
in the GALNS gene, which encodes a 522 amino acid precursor that is processed into an oligomer, the GALNS en-
zyme, which has keratan sulfate and chondroitin sulfate as substrates. In most cellular processes, the interactions of 
proteins with other macromolecules play crucial roles, and the first step in understanding these interactions takes place 
in understanding the three-dimensional structure of the protein, since the function of a polypeptide is determined by the 
combination of this factor with its sequence. One of the ways to determine the three-dimensional structure of a protein is 
homology modeling, a method that uses as a reference one or more homologous proteins with tertiary structure already 
known to predict the three-dimensional arrangement of target proteins. In this study, the objective is to use this modeling 
methodology to try to predict the three-dimensional structure of the GALNS protein with the most common mutations 
present in patients from the state of Paraíba and to determine through the analysis of these models if the homology 
modeling is effective in determining the structure of these mutated proteins. Of the six mutations identified so far in 
patients from the state of Paraíba, only c.120+1G>A was excluded from the analysis because its effect on the protein 
is still unknown. Thus, the variants selected for the study were: p.D45G, p.G301C, p.R386C, p.S341R and p.V239F. 
Modeller and I-Tasser softwares were used to build the models, which were later refined with 3DRefine. A program 
was developed for the automatic addition of mutations in the protein sequence. The quality of the 3D models generated 
was validated by the Ramachandran plot with the PROCHECK program, and by Verify3D. Alignment of the mutated 
models with the wild-type protein was performed by TM-Align, and visualization of all proteins was performed by Py-
Mol. Ten models were generated, 5 of them from Modeller and 5 from I-tasser. The Modeller models obtained a higher 
stereochemical quality than the models generated by the I-Tasser, despite this, only the Modeller models p.S341R and 
p.V239F passed all tests. In the analysis of the alignments generated by TM-Align, different from what was expected, it 
was not possible to identify significant structural differences between the mutated proteins and the wild-type model, not 
even in the region of the mutation itself. This is supported by the Root Mean Square Deviation (RMSD) and TM-Score 
values generated in the alignment, which indicate a high non-random structural similarity. In summary, these results 
indicate that the homology modeling method may not be effective in determining the three-dimensional structure of 
these specific variants of the GALNS protein, as they are point mutations, with the change of only one amino acid in the 
protein sequence, therefore, new methodologies must be tested and new studies must be carried out.
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Abstract: 
The field of molecular docking emerged during the last three decades driven by the needs of structural molecular biology 
and structure-based drug discovery. It is a structure-based drug design method that simulates molecular interaction and 
predicts the binding mode and affinity between receptors and ligands. In a previous study, three-dimensional models of 
the GALNS protein were generated with the mutations present in MPS IV-A patients from the state of Paraíba (p.D45G, 
p.G301C, p.R386C, p.S341R and p.V239F) through comparative modeling performed with Modeller and I-Tasser soft-
wares. In this study, it was not possible to identify significant structural differences between the variants and the wild-
type protein, which could indicate that this modeling method may not be effective in determining the three-dimensional 
structure of these specific variants of the GALNS protein, as they are point mutations, with the change of only one 
amino acid in the protein sequence. However, only visual inspection was performed. In this present study, the objective 
is to perform molecular dockings between the models generated from the mutated proteins with their substrates (keratan 
sulfate and chondroitin sulfate) in order to determine whether, although there are not enough differences between the 
structures that can be visually identified, the presence of mutations alters the way models relate to substrates. The Hex 
software, in its version 8.0.0, was used to perform the dockings. Keratan sulfate and chondroitin-6-sulfate pdb models 
were acquired from the Protein Data Bank (PDB) and the Human Metabolome Database (HMDB), respectively. In the 
first test, docking between the substrates and the wild-type enzyme was performed. Both substrates bound to the ac-
tive site, which indicates that the program is able to identify how the junction occurs. Then, dockings between models 
with mutations and substrates were performed. Differently from what was expected from the visual inspection carried 
out in the previous study, there were significant differences between the results of each docking. The binding of each 
substrate with the active site occurred not only depending on what mutation was, but also on which program the model 
was generated. Keratan sulfate bound to the active site of the p.D45G and p.R386C variants generated by the I-tasser, 
but did not bind to the active site of any other model, neither the I-tasser nor the Modeller. Chondroitin sulfate bound 
to the active site of p.G301C, p.R386C and p.V239F variants generated by both Modeller and I-Tasser, but did not bind 
to the remaining mutations (p.D45G and p.S341R) in none of the models. These results indicate that, although it is not 
possible to identify visual differences between the mutated and wild-type proteins, there are significant changes that 
alters the way the model relates to the substrates and, therefore, further studies are needed to determine whether any of 
them faithfully represent the relationship of the mutated protein in vivo to its substrates.
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Abstract: 
Prostate cancer (PCa) is considered an immunological cold or excluded tumor with an impaired response to immuno-
therapy. PCa reactivates a latent embryonic program called epithelial-mesenchymal transition (EMT) during disease 
progression. EMT has been associated with invasion, metastasis and immune evasion in various types of cancer. In this 
study, we used transcriptomic analysis of the TCGA public data for prostate adenocarcinoma to investigate the role of 
the EMT markers ZEB1 and SNAI1 in immune response-related genes and pathways. To characterize the downstream 
effects of ZEB1 and SNAI1 expression we dichotomized the cohort based on quartiles of expression of both markers 
comparing the 25% of tumors with higher expression to the 75% of tumors with lower expression levels. Analysis of 
the differentially expressed genes showed that the higher expression of both ZEB1 and SNAI1 was associated with 
upregulation of several immune evasion related markers such as CTLA-4, PD-L1, TIM-3, DCR3 and IL10. Pathway 
enrichment analysis of the differentially expressed gene associated with high SNAI1 and ZEB1 expression showed there 
was upregulation of TGF-β signaling, IL-6 JAK-STAT3 signaling and TNF signaling via NFkB pathways in both EMT 
markers. Digital flow cytometry analysis using the CIBERSORT algorithm showed that both ZEB1 and SNAI1 over-
expression was related to enrichment of quiescent cells in tumors such as naive B-cells. Elevated ZEB1 expression was 
also associated with M2 polarization of macrophages and depletion of effector immune cells in the tumor microenviron-
ment such as CD8 T cells. Collectively, our data suggest that high expression of both EMT markers is associated with 
overexpression of proinflammatory pathways. These data are consistent with the literature showing that the concomitant 
expression of immunomodulatory markers may promote immune evasion via induction of T Cell exhaustion.
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Abstract: 
Chromatin packaging allows DNA accommodation in the nucleus. The packaging regulation provides an excellent strat-
egy for controlling the transcription, replication, recombination, and DNA repair processes. Sucrose nonfermenting 2 
(Snf2) comprises a protein family, similar to helicases, capable of mechanically remodeling both the chromatin structure 
and the nucleosomes position, preventing or releasing the access to the DNA. The present work aimed to identify and 
structurally characterize Snf2 proteins of the cowpea genome (Vigna unguiculata), an important legume plant. For this 
purpose, the cowpea reference proteome, from the Phytozome database, was used. The HMMER (v.3.3.2) software, 
using the HMM PF00176 profile from Pfam database (https://pfam.xfam.org/), identified Snf2 domains. Then, the iden-
tification of the obtained candidates was confirmed by SMART tool (http://smart.embl-heidelberg.de/). For groups’ 
classification, a dendrogram with Arabidopsis thaliana and rice Snf2 curated sequences was constructed using the 
Neighbor Joining method (bootstrap of 1000 replications) by the MEGA software (v11.0.9). The isoelectric point (p.I) 
and molecular weight (MW) predictions were scrutinized using the ProtParam tool (https://web.expasy.org/protparam/). 
The subcellular location prediction, in turn, was performed using the Cello tool (http://cello.life.nctu.edu.tw/), and the 
Snf2 were mapped onto cowpea chromosomes using the TBTools tool. In the present work, 93 Snf2 proteins, anchored 
in 38 cowpea loci, were identified. The p.I. value of the Snf2 proteins ranged from 4.99 to 9.06; and the MW from 66.55 
to 383.38 kDa. All 93 proteins had the nucleus as the predicted subcellular location. The phenetic analysis allowed us to 
determine six large groups (Snf2-like, Swr1-like, Rad54-like, Rad5/16-like, SSO1653-like, and Distant), as described 
in the scientific literature for Snf2. Eight conserved motifs characteristic of the helicase superfamily II were detected, 
in addition to thirteen Snf2-specific conserved blocks present among these motifs. The Snf2 38 genes were unevenly 
mapped on 10 of the 11 cowpea chromosomes, with chromosome ‘7’ having more Snf2 loci (six) and chromosome four 
none. The Snf2 proteins identified here provide a basis for identifying molecular targets that participate in several genet-
ic and epigenetic processes to be studied in future assays of biotic and abiotic stresses, helping to improve the cowpea 
crop.

Palavras-chave: Chromatin-remodeling; bioinformatics ; gene family; ; 

Support / Acknowledgment 
The resources supporting this study were provided by Fundação de Amparo à Ciência e Tecnologia do Estado de Pernambuco 
(FACEPE).

430

BIOINFORMÁTICA
APLICADA ÀS ÔMICAS



IN SILICO IDENTIFICATION, PHYSICOCHEMICAL CHARACTERIZATION AND  
STRUCTURAL MODELING OF ANTIMICROBIAL PEPTIDES FROM CANNABIS SATIVA

Maria Bárbara Borges de Santana1; Ariel Stephany Meneses da Silva3; Afonso Hudson Martins Cordeiro Neto3; 
Maria Carolina Rocha Del Picchia Monteiro Amaral3; Thais Gaudencio do Rêgo2; Isadora Louise Alves da 
Costa Ribeiro Quintans4 
1Discente Bolsista do CNPq. Cidade Universitária, João Pessoa, Paraíba, 58051-900. Universidade Federal da Paraíba; 2Docente. 
Cidade Universitária, João Pessoa, Paraíba, 58051-900. Universidade Federal da Paraíba; 3Discente. Rua Francisco Mota, 572, 
Presidente Costa e Silva, Mossoró, Rio Grande do Norte, 59625-900. Universidade Federal Rural do Semi-árido; 4Docente. Rua 
Francisco Mota, 572, Presidente Costa e Silva, Mossoró, Rio Grande do Norte, 59625-900. Universidade Federal Rural do Semi-
árido

Abstract: 
Given the increased search for natural and integrative medicines and microbial resistance problem, several strategies 
have been implemented in the prospection of new pharmacological agents, especially with broad-spectrum activity. In 
silico approaches have optimized the prospection of new drugs, reducing time and costs, in addition to increasing the 
chances of success through the execution of different analytical bioinformatics tasks. Due to their broad-spectrum anti-
microbial activity, plant antimicrobial peptides (AMPs) have become important candidates for the development of new 
drugs. In this context, Cannabis sativa has become a highly relevant target for prospecting AMPs due to its therapeutic 
and palliative properties in natural medicine. Cannabis AMPs are still unexplored, therefore, the prospection, descrip-
tion, and validation of their activities and properties are of great importance. Antimicrobial peptides from Cannabis 
sativa were prospected from the NCBI database, being later cured using bioinformatics tools, and grouped according to 
their families - defensin, hevein, LTP, snakin or GASA, and thionin. Through rps-BLAST against the NCBI Conserved 
Domain Database, it was possible to analyze conserved domains, and these data were later processed using the Python 
libraries “Pandas” and “Regular Expression”. The sequences were, therefore, submitted to cleavage sites and signal 
peptide exclusion processing, in order to obtain the closest to their mature and functional sequence. Subsequently, their 
physicochemical properties were predicted using the “Biopython” library, and conserved amino acid residues among the 
peptides prospected were analyzed using the M-Coffee and Web Logo tools. In this context, the peptide sequences were 
evaluated for in silico modeling of their three-dimensional structures using ColabFold, an Artificial Intelligence (AI) 
tool. Finally, all novel data from these AMPs will be published in the PlantAMP database, which is under development 
by the research group. It was possible to infer from the analysis of Conserved Domains that the cured AMPs have mostly 
(58.8%) the Pfam 02704 domain of gibberellin-regulated proteins, corresponding to the Snakin/GASA family. From the 
analysis of conserved residues of cured AMPs, it was possible to verify a high frequency of cysteine residues, an im-
portant characteristic of AMPs. According to the prediction of the physicochemical properties, it is valid to elucidate the 
following properties, in average values: I) molecular weight of 9088.09 g/mol, II) gravy of -0.46, III) isoelectric point 
at 9, IV) instability index of 49.65 and V) charge of 7.25. The physicochemical properties predicted are in agreement 
with what is expected of the common properties of plant antimicrobial peptides from the bibliography. Finally, from the 
results of the three-dimensional modeling of the AMPs, it was possible to verify that the average value of the confidence 
scale of the models (0-100), determined by the value of pLDDT (Predicted Local Distance Difference Test) was 87.6. 
Furthermore, it is important to clarify that 94.12% of AMPs presented pLDDT>70, and 41.18% presented pLDDT>90. 
Thus, the models presented are considered appreciable, since they presented pLDDT≥70, as described in the literature.
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Abstract: 
Stylosanthes scabra Vogel is a species native to Brazil, widely adapted to hostile environments, mainly under poor soils 
and with little water availability. Among the strategies for plant adaptation to stress conditions (biotic and abiotic), the 
induction of genes related to plant defense, including TLPs (Thaumatin-Like Proteins) stands out. This family of pro-
teins is known for its antimicrobial activity and to induce tolerance to several abiotic factors. In this context, the present 
study aimed to identify and characterize TLPs in the transcriptome (RNA-Seq) of S. scabra as well as to evaluate the 
expression profile of SsTLPs after 6, 24 and 48 h of irrigation suppression and 6 h after rehydration. For that, a local 
databank of cured TLPs was generated from UniProt, and used to search for candidates in the S. scabra transcriptome 
via tBLASTn (e-value ≤ e-5) and HMM. Conserved domains were observed using the InterProScan program, and con-
served motifs were evaluated using MEME. The molecular weight and isoelectric point (ProtParam), the subcellular 
location (ProtComp), the presence of signal peptide (Signal) and transmembrane domains (TMHMM 2.0) were pre-
dicted. Using the Neighbor-Joining method, a phenetic tree was constructed. Based on differential expression profile, a 
heatmap was drawn using the CLUSTER 3.0 software and visualized in the TreeView. SsTLPs differentially expressed 
were evaluated via Real Time-qPCR. Sixty-four SsTLP showed the domains with antimicrobial activity, being: TLP-PA 
(36), Thaumatin (16) and GH64-TLP-SF (12) domains. The average size was of 211 amino acids, a pI ranging from 4.14 
to 9.06 and a molecular weight from 18.77 kDa to 24.28 kDa. Most of SsTLPs (54 of the 64) were located on the extra-
cellular region, while the others were present in the vacuole. Furthermore, most SsTLPs (87%) contained an N-terminal 
signal peptide and one or two transmembrane domain. The phenetic tree revealed structural clusters with a taxonomy of 
TLPs from other plants, demonstrating the conservation of the 16 Cys (cysteine) residues that promote protein stability 
and the REDDD motif responsible for the antifungal activity.In silico expression analysis revealed twelve differentially 
expressed (DE) TLPs (10 induced and 2 repressed after 24h of irrigation repression). Five SsTLPs were selected for 
RT-qPCR assays at 6, 24 and 48 hours of irrigation suppression and 6 hours after rehydration (root tissue). The results 
of the RT-qPCR analysis revealed the induction of SsTLP3, SsTLP4, SsTLP19 and SsTLP46 in most of the time tested, 
indicating the role of SsTLPs on tolerance to water restriction in S. scabra. Therefore, the similar canonical configura-
tion of the TLPs analyzed in this study with those described in other plant species reveals that the SsTLPs evaluated in 
this study are valuable candidates for the development of species more tolerant to stress factors, especially irrigation 
suppression.
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Abstract: 
The acute respiratory syndrome caused by the SARS-CoV-2 virus (COVID-19), due to its high infection rates and 
mortality, has emerged as one of the most significant challenges for humanity in recent years. These infection rates are 
significant variable when compared between different continents, countries, and regions, ranging from asymptomatic 
cases to severe respiratory failure and death. This is partly due to the features of the infection itself, socio-environmental 
factors, and owing variations observed in the viral genome and the human genome host. Given the above, this study 
aimed to perform Whole Exome Sequencing (WES) of human samples to demonstrate the association between host 
genetic factors and COVID-19 disease progression and severity. Initially, total genomic DNA was extracted from saliva 
samples from 12 patients with a confirmed diagnosis of COVID-19 by positive RT-PCR. We also identified the viral 
lineages in the human samples by Next Generation Sequencing (NGS). Library preparation was performed using the 
Illumina Exome Panel (Illumina) following the manufacturer’s protocol. The whole exome was captured with Illumina 
DNA Prep with Exome v2, and the DNA sequencing through 35-149pb paired-end reads was performed on an Illumina 
NextSeq 550 Systems. Variant calling was performed according to the GATK Best Practice Guidelines for joint calling, 
using BWA for mapping and Picard for pre-processing. The results, VCF files, were annotated by CLINVAR, COSMIC, 
DBNSFP, BRCA, and EXAC. As our sample (n = 12) is small, it was impossible to perform robust statistical tests. 
However, the mean age was 53,6 ± 11,4, and there was a prevalence of female gender (66,6%) and the viral lineage P.1 
(33,3%). Regarding the WES data, we search for differences in the portion of pathogenic mutations between critically 
ill patients (n=3) and mild and/or asymptomatic patients (n=9), but no significative difference was observed (average of 
148.6 x 162.3, respectively). We evaluated the variants observed in association to genes present in the repair pathway, 
replication pathway and genes of high functional impact, but no significant association was found. We attribute our 
non-significant results to the small sample size, and since this work is just the beginning of a larger project, where the 
whole exome sequencing of 300 samples from patients with COVID-19 will be performed, we intend to continue the 
analyses and find genetic variants associated with COVID-19 severity.
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Abstract: 
Since March 2020, SARS-CoV-2 has spread throughout the world, causing a high number of deaths, in addition to causing 
serious post-infection sequelae. Since then, a race began in search of vaccine alternatives with easy manufacturing and 
editing to prevent and reduce more severe infections. Even with the existence of licensed vaccines, it is still necessary to 
test the effectiveness of vaccine platforms that work in the face of emerging variants resulting from the circulation and 
mutations of the virus over time. In this context, vaccines that use multiple peptide portions screened by in silico predic-
tion approaches stand out. The antigens of these vaccines, called multiepitope constructs, are interesting for providing 
yet another vaccine alternative against SARS-CoV-2. Thus, the present study aimed to build a multiepitope strategy using 
the Spike (S) and Nucleocapsid (N) proteins of SARS-CoV-2 from immunoinformatics tools and verify their immuno-
logical potential. The construction was elaborated from the selection of epitopes available in the literature. As inclusion 
criteria, were used epitopes of S and N proteins that were not overlapping and had a length between 8 and 12 aa for HLA 
class I, above 12 aa for HLA class II, and above 16 aa for B cells. In addition, their IC50 values were denoted for strong 
binding affinity (IC50 < 50) and antigenicity. After the selection of epitopes, analyzes were performed to verify their 
potential for immunogenicity, the conservation concerning the variants Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), 
Delta (B.1.617. 2), Eta (B.1525), Iota (B.1.526), Kappa (B.1.617.1), Lamda (C.37), Zeta (P.2) and Omicron (B.1.1.529); 
population coverage and molecular anchoring to identify binding affinity between epitopes and their associated HLAs. 
The multiple epitopes were arranged between linker sequences, such as KK, GPGPG, and AAY, to form a synthetic 
antigen called SCov2-Sint1. A version of this antigen was obtained from its fusion with adjuvant sequences such as 
β-defensin and PAN-HLADR. The antigenic sequences were cloned into the pVAX1 vector and tested as DNA vaccines 
in BALB/c mice. The multiepitope construct contained 15 epitopes with a minimum percentage of conservation of 80% 
against multiple variants and population coverage worldwide of about 90% for HLA class I and 50% for HLA class II. 
All epitopes bound in the expected cleft of the HLA molecule with binding affinity values between -6.3 and -10.6 kcal/
Mol. The vaccine construction induced, in vivo, the expansion of TCD8+ and TCD4+, suggesting an interesting appli-
cation as a vaccine antigen that targets cellular immune responses. Even in the face of emerging variants, it was possible 
to provide a vaccine construction that remained with high conservation and population coverage, similar to other studies 
with similar constructions. The present antigen presented an immunological profile similar to that induced by already 
licensed anti-SARS-CoV-2 vaccines.
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Abstract: 
The Theobroma cacao L. is a tree that has great economic relevance however, phytopathological problems are factors 
that limit its expansion. Witches’ broom disease is one of those main problems, and is caused by the hemibiotrophic 
basidiomycete fungus Moniliophthora perniciosa. In the most advanced stage of the disease, fungal elicitors induce 
programmed cell death (PCD) in infected plant tissues, affecting its development and annual production. GPXs genes 
of T. cacao including the phospholipid hydroperoxide glutathione peroxidase (TcPHGPX) are differentially expressed 
during the developmental stages of witches’ broom disease. PHGPX proteins in mammals markedly reduce phospholip-
id peroxides that are produced by cell membranes, protecting cell biomembranes from oxidative damage. Thus, PHGPX 
from T. cacao is an interesting target to integrate studies about defense system of plants against phytopathogenic agents. 
Proteins from the GPXs family also have been reported as either independent or dependent on selenium, can this trace 
element may be an important cofactor for GPX activity. In this study the TcPHGPX protein was through in silico and 
in vitro assays, for future functional validation in plant cells. Molecular docking showed interactions between TcPHG-
PX like the compounds selenomethionine, selenocysteine, selenite, sodium selenite and selenate. All coupling models 
generated occurred with hydrogen and electrostatic bonds in the active site of TcPHGPX. Systems biology analysis of 
the functions of TcPHGPX, using model plant orthologs, generated a network of 185 proteins (nodes), 1672 connectors 
with the formation of 5 clusters, with a high level of confidence. BiNGO analysis showed representative biological 
processes as e.g. oxidative stress, response to temperature stimulus and metabolic processes, response to osmotic stress 
and response to abiotic stimulus. The recombinant protein (28 kDa) was obtained and expressed in Escherichia coli 
(Rosetta DE3 pLysS), purified on an affinity column, verified its integrity and purity on SDS-PAGE gel. The determi-
nation of the thermal stability of the secondary structure of rTcPHGPX was performed in circular dichroism assays. 
Circular dichroism spectra of rTcPHGPX at a concentration of 4.45 mmol L?1 in 3 mmol L?1 sodium phosphate buffer 
pH 7.0 demonstrated α-helix and β-sheet contents. The rTcPHGPX spectra were measured in wavelength ranges from 
190-240 nm at 25°C and 95°C. Conditions of unfolding (25 to 95°C) and refolding (95 to 25°C) at 208 nm were evalu-
ated. The rTcPHGPX showed a low percentage of denaturation up to 50°C, and there was no refolding of the structure, 
since from 95 to 25°C the structure remained with a high percentage of denaturation. The TcPHGPX protein interacts 
with selenium compounds and is associated with antioxidant functions and response to biotic and abiotic stress stimuli. 
Furthermore, in sodium phosphate buffer solution pH 7.0, it tolerates a temperature of up to 50°C without altering its 
native structure. This is the first characterization of this protein and indicates its important role in antioxidant and PCD 
processes in plants. 
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Abstract: 
Feed efficiency is important to improve the economic as well as environmental sustainability of global livestock produc-
tion. Residual feed intake (RFI) is the most applied measure of feed efficiency, which allows to compare observed and 
estimated dry matter intake, based on the animal’s growth and maintenance requirements. The aim of this study was to 
evaluated potential biomarkers for feed efficiency through plasma proteomic analysis of Caracu beef cattle. A total of 61 
steers with 237± 3 days of age and 218±39 kg had their food consumption recorded in electronic troughs (Intergado®) 
for 71 days. The food consisted of sorghum silage (60%), soybean meal (13%), ground corn (25%), urea (0.25%) and 
mineral salt (1.75%). The RFI was calculated as the residual of the following regression equation: DMI = β0 + (βBW0.75 * 
BW0.75) + βADG * ADG) + e: where DMI is the dry matter intake observed (kg day-1); β0 is the intercept of the regression 
equation; BW0.75 is the average metabolic body weight (kg); βBW0.75 is the linear regression coefficient of BW0.75; ADG 
is the average daily weight gain (kg day-1); βADG is the linear regression coefficient of ADG; and e is the RFI. Blood plas-
ma samples were collected from the 16 extreme animals (eight RFI>0 and eight RFI<0) for the identification of proteins 
by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Raw LC-MS/MS data were converted to mzXML 
format and the assignment of MS/MS spectra was performed using the Comet algorithm v.2018 and the bovine UniProt 
Database. Statistical analysis of differentially expressed proteins was performed using the msmsTests package from Bio-
conductor (FDR<0.05) and their functions were investigated through the Uniprot, Gene Ontology and KEGG databases. 
A total of 806 proteins were detected in the blood plasma of which 118 were upregulated and 155 were down-regulated 
in highly efficient steers. Among the differentially expressed proteins, we highlighted 15 potential biomarkers related 
with insulin signaling (PTPRF and SOS2); thyroid hormone synthesis (LRP2 and ALB); taste transduction (CACNA1A 
and CACNA1C); fructose and mannose metabolism (GMPPB and AKR1B10); digestion and absorption of protein (CO-
L28A1, COL12A1, COL6A1, COL9A2 and COL18A1), vitamin and fat (APOA1 and APOB). These potential biomarkers 
should be validated in a large number of animals and then may be used in early detection and selection of highly efficient 
animals contributing to reduce costs and increase sustainability in beef cattle production, reducing the solid waste and 
greenhouse gas emissions intensity.
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Abstract: 
Copy number variations (CNV) are the major source of structural variation between individuals, which are defined by 
modifications in the genome where the number of copies of a genomic DNA sequence differs from a genome reference. 
Santa Inês sheep breed has great economic importance presenting quality meat and skin, adapted to tropical climate and 
has shown high resistance against gastrointestinal endoparasites, one of the main sanitary challenges, when compared 
to other breeds. In this context, the aim of this study was to detect copy number variation regions (CNVR) in Santa 
Inês sheep and identify candidate genes for resistance to parasite infection. A total of 638 animals were genotyped with 
the Ovine SNP50 Genotyping BeadChip (Illumina, Inc.). Markers with unknown genomic position and located on sex 
chromosomes in the reference genome Oar_v3.1 were excluded. The adjustment of GC content was performed to reduce 
the rate of false positive CNVs considering 500 kb around each SNP. The CNV detection was performed by PennCNV 
software which CNVs identified in only one sample, with less than three SNPs, BAF drift > 0.01, GC wave factor > 
0.09 were excluded. A total of 742 CNVs were detected corresponding to 357 deletions and 385 duplications. CNV 
regions were inferred through concatenation of individual CNVs identified in more than one animal through CNVRuler 
software. Genomic regions with less than 0.5% allele frequency and with low density of overlapping (recurrence < 0.1) 
were discarded. A total of 360 CNVRs were obtained (224 gains, 132 losses and 4 both), which were detected on all 
autosomal chromosomes. The size of the CNVRs averaged 142,655?bp and ranged from 12,139 bp to 2,643,483?bp. 
The CNVRs inferred in our study covered 49,929,353 bp (2.03%) of the autosomal genome sequence, and their frequen-
cies ranged from 0,31% to 4,85% in this population. The OAR1 showed the largest number of CNVRs (40), while the 
OAR20 presented the smallest number of CNVRs (3). The functional enrichment analysis was performed by DAVID 
tool and revealed thirty-four GO terms and eight KEGG pathway significantly enriched (P < 0.05). Through the Biomart 
Ensembl tool several important genes were identified in CNVRs such as GRK2, GRK7, AP2B1, CXCL16 and CKLF 
with functions associated to inflammatory and immune pathways. The CNVRs identified present genes that can be asso-
ciated with resistance e susceptibility of sheep against gastrointestinal endoparasite infections and future research may 
associate these genes with interest traits to better understand this mechanism.
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Abstract: 
The advancements in bioinformatics tools and the expansion in the number of available sequenced cyanobacterial 
genomes allow the mapping of natural products, which can be of great relevance to the pharmaceutical industry and 
biotechnology. Genome mining has been revealing the secondary metabolite potential of cyanobacteria by the identifi-
cation of biosynthetic gene clusters(BGCs). The natural products originating from the secondary metabolism of these 
microorganisms are involved in many processes and are expressed through several bioactive compounds that can be of 
great importance for human health and other purposes. In this work we performed sequencing, assembly, and genome 
mining of cyanobacteria belonging to the Nostocaceae family, isolated from Lagoa dos Índios, in the state of Amapá. 
The isolate, identified as GFB15 was analyzed to assess the biosynthetic potential of its genome and the associated 
microbial community. The minimetagenome was sequenced using the Ion Personal Genome Machine platform, gener-
ating 1,214,026,148 bases. The assembly was carried out in two stages. The first stage used three assemblers, producing 
individual assemblies in each of them. In the second stage, the assemblage was performed using the SPAdes 3.9.0. The 
complex genomic data obtained were separated per organism using binning and revealed eight different genomes of mi-
croorganisms, including Nostoc GFB15 isolate. Finally, antiSMASH was used to mine the gene clusters involved in the 
biosynthesis of secondary metabolites in the Nostocaceae GFB15 genome. We identified 23 BGCs, five of which were 
classified as nonribosomal peptide synthetases (NRPS), four are putatively associated with terpene biosynthesis, four 
are related to bacteriocins, four Type I polyketide synthases (PKSs), one hybrid PKS-NRPS, one Linear Azoline-con-
taining Peptide (LAP), a t-RNA Dependent Cyclopeptide Synthase (CDPS), a phosphonate, a cluster with the possibility 
of biosynthesizing cyanobactin and one possibly involved in the production of microviridine. Thus, the class of NRPS 
found is responsible for a wide biological and pharmacological activity, as may act as antibiotics, immunosuppressants, 
and immunomodulators. This class presented a group with 100% identity at the nucleotide level with nostamide A, 
involved in the inhibition of proteases released by rhizoids, and 25% of similarity at the nucleotide level with hectochlo-
rin, with potential antifungal and antimicrobial functions, as these molecules cause cell disruptio in certain microorgan-
isms. Other groups showed a 25% similarity with microviridines K, from the microviridines class of gene clusters that 
inhibits serine proteases, acting as anticoagulant agents and as biological controllers of vectors. Additionally, four other 
genes showed probable similarity for the biosynthesis of terpenes, volatile compounds, which have potential application 
in the biofuel industry. Furthermore, genes for the production of lantipeptides were also found, peptides that can act 
as food preservatives and agents for leukemia treatment. Therefore, from the analysis of the biosynthetic potential of 
Nostocaceae GFB15, the potential of secondary metabolite biosynthesis has been identified revealing a wide range of 
applicability in several sectors, mainly in biotechnology and the promotion of human health.
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Abstract: 
Enterococcus casseliflavus is usually motile and yellow-pigmented bacteria, also occurring as non-pigmented and non-
motile strains. This species is member of the commensal microbiome of human and animal gastrointestinal tracts, being 
not frequently isolated from clinical samples. As an opportunistic pathogen, E. casseliflavus has been increasingly found 
in infections and hospital outbreaks usually associated with endocarditis, bacteremia, endophthalmitis, and bacterial 
peritonitis. The original source of E. casseliflavus is related to the food chain since this species has been mainly found 
in farm animals and vegetables. However, there are few genomic studies about this species. Here, we investigated the 
presence of bacteriophages in commensal, environmental, and clinical E. casseliflavus genomes, and correlated these 
elements to lineages that have shown virulence and resistance genes to different antibiotics. A search was conducted in 
the NCBI assembly database for all E. casseliflavus genomes (n=100), and a comparative genomic study using 85 ge-
nomes was performed after applying the study exclusion criteria: i) number of contigs above 200; ii) genome coverage 
below 20x; and iii) genomes duplicates for the same strain. Using the JAMIRA pipeline, the virulence and resistance 
genes were predicted using the virulence factor VFDB database and the Resistance Gene Identifier (RGI), respectively. 
For prophage sequence prediction, the pipeline uses PhiSpy, and PHASTER was used to identify and characterize the 
prophages predicted in the strains based on its resistance and virulence genes. Among all 85 genomes analyzed 557 
prophage regions were predicted. Phages of 14 genomes in our dataset that presented more than three antimicrobial 
classes resistance genes were identified and annotated. In these 14 genomes, three intact (ΦFL3A, in two strains, ΦF-
L4A, in one strain), 2 questionable (B025 and phiEf11, in the same strain) and 31 incomplete phages were found. Three 
of the 14 strains had phages predicted by PhiSpy that were not identified with PHASTER. From the 85 genomes in our 
dataset, two presented virulence genes, these strains presented 6 incomplete phages and one intact phage (ΦFL1A). 
The ΦFL1A and ΦFL3A phages belong to the serine recombinase family, while the ΦFL4A encodes an integrase of the 
Tn1545-related family of conjugative transposon integrases. All these phages were already found in Enterococcus fae-
calis. Our findings revealed the abundance and diversity of E. casseliflavus phages, found in animal, human and hospital 
strains, and provided a valuable contribution for the growing literature documenting the variety of phages in virulent 
and multidrug-resistant strains.
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Abstract: 
The insects of the diverse order Hymenoptera (ants, bees, wasps and sawflies) represent a wide range of behaviors and 
phenotypes, ranging from solitary to eusocial species. In some of those insects, distinct behavioral and morphological 
castes arise from the same genomic content, which suggests an epigenetic control of embryonic development. Since the 
sequencing of the genome of the model bee Apis mellifera, there has been a major interest in investigating which epigen-
etic regulation mechanisms are involved in caste differentiation, both in a developmental and behavioral context. One 
major suspect has always been the methylation of genomic cytosine (DNA methylation). Early studies showed a poten-
tial role for DNA methylation in the developmental fate of A. mellifera larvae, but, since then, evidence has been con-
flicting, leaving the potential role of DNA methylation in caste determination in Hymenoptera in a limbo. In our work, 
we utilize the raw CpG odds ratio (OR) of coding sequences and two normalized CpG OR metrics from high-quality 
genomes of 34 solitary and eusocial Hymenoptera species to investigate a potential role of DNA methylation in defining 
caste fate. We found out that the raw genewise CpG OR is highly variable across species and lineages, and may not be 
ideal to compare methylation levels across different genomes, since the overall genomic CpG content and evolutionary 
pressures may be confounding factors. With that in mind, we developed two strategies to normalize the CpG OR of 
each gene while taking into account each genome’s overall CpG content: a) difference of gene-level CpG OR from the 
median CpG OR of all genes from the same organism; b) CpG OR quantile transformation. We compared those values 
across species with contrasting phenotypes through phylogenetic-aware ANOVA, therefore excluding phylogeny as a 
confounding factor. Global patterns of DNA methylation seem to be well conserved across the order and even in distant 
insect taxa but, when evaluating genes for their normalized levels of methylation in eusocial and solitary Hymenoptera, 
we found out that a set of genes belonging to the TOR pathway have significantly higher methylation levels in social 
species. We also show the power of our comparisons by identifying a major shift in the methylation patterns in the 
ants, which possess some of the highest raw CpG OR contents among the studied species but, when utilizing relative 
metrics, their TOR genes appear among the most methylated across all genomes. These results demonstrate that DNA 
methylation might indeed have a role in caste determination in Hymenoptera by regulating a very particular set of genes 
involved in embryonic development, and that this can be best demonstrated by analyzing their relative CpG content. 
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IN SILICO ANALYSIS OF THE GENE EXPRESSION, PHARMACOKINETIC  
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Abstract: 
Orchids are used in popular medicine for its therapeutical properties. The genus Cyrtopodium is one of them and is large-
ly used for the treatment of many health issues like tuberculosis, abscesses and colds. This genus has relevant endemism 
of species in Brazil, one of them, C. glutiniferum is widely used in herbal medicine. Thus, it is of great interest to recog-
nize its composition, the properties of the molecules found in it and whether they regulate gene expression or offer any 
adverse effect on health. This study aimed to perform the in silico analysis of the main compounds from C. glutiniferum, 
on the plataforms pKCSM, SwissADME, LAZAR, CLC-pred, DIGEPred, STRING and Cytoscape. The identification 
of the compounds present in the aqueous extract of C. glutiniferum was made by UHPLC-MS/MS, finding caffeic acid 
4-O-glucoside, dihydroformononetin and arbutin as the three most abundant molecules. They were submitted separate-
ly to computational simulation on the mentioned prediction platforms. Then, the results obtained were analyzed. The 
evaluation of the gastrointestinal absorption of arbutin is given as high, also managing to cross the blood-brain barrier, 
while dihydroformononetin is sufficient only to be absorbed by the gastrointestinal tract and of caffeic acid 4-O-gluco-
side had very low absorption, so this was excluded from further analyses. Several parameters were analyzed using the 
algorithms, describing arbutin and dihydroformononetin as possible leading molecules for drug synthesis, with good 
synthetic accessibility and pharmacodynamics, according to the prediction. Toxicological aspects were analyzed, and no 
adverse effects were noted, but there were divergences about the mutagenic potential of the compounds, having different 
results among the used platforms, demonstrating that a cautious analysis and data insertion is needed in these tools to 
optimize them; it’s possible to do the analysis in vitro. The cytotoxicity prediction on CLC-pred showed notorious tox-
icity on cancer cell lines, while in non-tumoral cells the compounds did not affect many cell lines. The analysis of the 
differentially expressed genes predicted that the compounds are capable of regulate several genes, including some genes 
associated to carcinogenesis. Therefore, C. glutiniferum demonstrates potential to be used as a phytotherapeutic. The 
same was given through the in silico analysis of the two compounds found in the orchid. We suggest that it is important 
to proceed with in vitro studies, looking for a safe and beneficial drug.
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MICROGRAVITY IN PLANTS:  
A METADATA APPROACH COMPARING METHODS AND EXPOSURE TIMES
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Abstract: 
Environmental changes, such as variations in temperature, salinity, and water imbalance, may impact plants, affecting 
their development and producing abiotic stress. One type of environmental change that has been studied is micrograv-
ity. In plants, it is considered microgravity when there is exposure to a condition of gravity that tends toward zero. 
According to published studies, exposure to microgravity allows the plant to trigger significant defense responses. Mi-
crogravity research has been using different platforms, such as sounding rockets and international space stations, con-
sidered real microgravity. On the other hand, the clinostat is another piece of equipment used in the study of simulated 
microgravity. In addition, there is no consensus on how plants respond to the microgravity condition. Taking this into 
consideration, the objective of this work was to extend the knowledge about plant response to microgravity through an 
omics metadata analysis, using data available in scientific journals and public databases. This was done by searching 
for keywords (such as plant, microgravity, and abiotic stress) on the PubMed/NCBI website (https://pubmed.ncbi.nlm.
nih.gov/). Was selected the most highly rated studies that presented data on gene identifiers and expression profiles of 
plants under microgravity conditions compared to real gravity. These studies provide libraries of data that were used to 
verify similarities and differences in exposure types based on the GO terms found for the enriched biological processes. 
The results so far have shown a total of 14 reference studies that have provided identifiers for library construction. These 
identifiers were standardized using the TAIR online tool (https://www.arabidopsis.org/). The GO terms were used as pa-
rameters of analysis in the comparisons carried out in the present study, was accessed the PlantRegMap online platform 
(http://plantregmap.gao-lab.org) to locate them. The parameter of exposure times to microgravity was also analyzed, 
generating 4 interval libraries (10 minutes to 2 hours; 16 to 48 hours; 3 to 6 days; 20 to 30 days). By comparing the 
real microgravity libraries with simulated microgravity, some similarities are observed between the enriched biologi-
cal processes obtained. Biological Processes (BP) have been observed to be associated with oxidative stress response, 
abiotic stimulus-response, and primary metabolic processes. This result may indicate the impact on plants using real or 
simulated microgravity may be similar. Regarding exposure time, it was found that in the two shortest time intervals 
there was similarity in the enriched BP. Most related to the response to abiotic stimuli, biosynthesis, and translation pro-
cesses. These results suggest that plants may perceive microgravity as a stress condition and then generate a signaling 
cascade similar to an oxidative stress condition. In addition, the last two times intervals evaluated showed the presence 
of more complex processes such as protein modification that are also observed in heat response, salinity, and oxidative 
stress. Such results suggest that the plant exposed to microgravity is attempting to adapt. The next step in this work is to 
understand how plant tissues respond to such a condition and which genes would be involved.
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Abstract: 
Background: The Polygenic Risk Score (PRS) is a method used to estimate genetic risk in polygenic traits. One of the 
limitations of PRS is its application in cohorts with different ancestry backgrounds than the base GWAS. GWAS are 
mainly composed of European populations, hindering portability to other populations. There are few methods that focus 
on admixed populations, such as Latin American cohorts. In this study we aimed to verify if there is an improvement in 
the PRS prediction for height after the decomposition of the PRS in three subpopulations (European, African and Native 
American) for each individual with Local Ancestry Inference (LAI). Method: We used data from 529 individuals from 
the Brazilian High Risk Cohort (BHRC), which were over 18 years of age and had genotyping and height data. We used 
reference samples from 1000genomes and Human Genome Diversity Project. First, global ancestry percentages were 
estimated for each individual using ADMIXTURE, then genomic phasing was performed with shapeIT2. Then, we 
performed LAI using RFMIXv1.5. Haplotypes were separated for each individual according to the three ancestries. We 
then used the genomic locations of each ancestry from the previous step to extract these same positions in the reference 
sample for each specific ancestry. We calculated the PRS using PRSice2, before and after LAI, using the largest height 
GWAS available. The PRS after LAI was calculated for each of the three ancestries of each individual along with the 
reference sample for a given ancestry, to calculate the risk percentile of the target individual in relation to the reference 
population for each ancestry. Finally, we generated a total risk percentile of the individual considering the individual 
global ancestry. We applied a Spearman correlation test between height and percentile before and after LAI, separating 
by sex and also with the entire sample. Results: We have tested this approach so far for 127 individuals. In all cases, the 
correlation did not seem to increase after the LAI application. We also performed the Shapiro-Wilk normality test on the 
distribution of percentiles in both models, and with the conventional PRS, the distribution was not normal (p= 7.5e-05), 
after LAI, the distribution was normal (p= 0.55). Discussion: This method was applied using only European base GWAS 
for PRS calculation, which may influence the correlation between the phenotype and the PRS of the population, even 
with LAI. In addition, for LAI and for the calculation of the ancestry-weighted percentile, we used reference individu-
als from populations which may have very well-established alleles for height, which are not present in our population, 
influencing the generated percentile. We will perform the method for all the 529 individuals and calculate the prediction 
improvement using Nagelkerke’s R2 values, and also look for ways to improve the model.The development of this new 
method that takes admixture into account may improve the PRS portability for latino population. Thus, we propose a 
different approach for the use of the polygenic risk score in an admixed population, taking into account the individual 
local admixture pattern.
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Abstract: 
LncRNAs are long RNAs that do not encode proteins and operate both in transcriptional and post-transcriptional regula-
tion involved in different biological pathways and pathological process, including cancer. Prostate cancer is the second 
cancer more incident in men worldwide and the most frequent in Brazil. Surgery and androgen-deprivation therapy has 
been standard treatment for this disease, however 10% to 50% of cases progress to more aggressive form that continues 
to grow even at low androgen levels, termed castration-resistant prostate cancer (CRPC). Within a few years, most of 
these patients progress to metastatic CRPC (mCRPC), incurable stage with low survival rate. Considering the potential 
use of lncRNAs as biomarkers and therapeutic strategy, this study attempt to perform the inference of regulatory network 
in mCRPC using RNA-seq data available in public database and identify a set of lncRNAs which acts as potential master 
regulators (MRs). To investigate the most expressive lncRNAs, we selected only lncRNAs expressed in at least 90% of 
the metastatic samples (GSE126078). In this way, we used 1,770 lncRNAs and mRNAs expression data to transcrip-
tional network inference. Next, potential MRs were inferred by combining the regulatory network with a gene signature 
of primary versus mCRPC tissue through differential expression analysis between TCGA-PRAD and WCDT-MCRPC 
datasets. In total, 16 MRs were identified. Two group of MRs were inferred: (A) HAND2-AS1, ENSG00000286733, 
LINC01595, FAM99A, LINC00261, ENSG00000261012, ENSG00000289080, ENSG00000268230, LINC01485, and 
(B) ENSG00000289194 and ENSG00000187951. The group A are related to pathways involved in the coagulation cas-
cades, metabolism of xenobiotics, and hemostasis regulation. While group B are related to pathways involved in cellular 
proliferation. The activity of these two groups of regulons is agonist to each other and are related to metastatic site. In 
general, metastatic liver has high activity of these regulons, while lymph node metastatic has low activity. Moreover, 
the group B of MRs are related to low survival after independence of androgen. In summary, the results contributes to 
understanding of lncRNA regulatory behavior in mCRPC, identifying putative master regulator. 
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STRUCTURAL GENOMICS OF THE MCM (MINI-CHROMOSOME MAINTENANCE)  
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Abstract: 
The minichromosome maintenance (MCM) complex proteins belong to the VI superfamily of helicases called AAA+ 
(ATPases associated with a variety of cellular activities). In eukaryotes, a conserved set of six MCM proteins forms 
the MCM 2-7 complex, which shares a region of approximately 200 amino acids. This region corresponds to sites with 
ATPase and helicase activity, which act to unwind the DNA in replication. These proteins have been associated with tol-
erance to abiotic stresses. However, there are few characterization studies of this family in plants. Therefore, the objec-
tive of the present work was to investigate structural patterns of the MCM family in physic nut (Jatropha curcas L.). To 
identify candidates MCM, the HMM profile (PF00493) from the Pfam database (http://pfam.xfam.org/) was used as the 
query to search in the physic nut reference proteome (GCF_014843425.1_RJC1_Hi-C_protein.faa) using HMMER soft-
ware (v3.3.2). Protein sequences were submitted to SMART tool (http://smart.embl-heidelberg.de/) and Pfam’s Batch 
sequence search, through hmmscan on HMMER web https://www.ebi.ac.uk/Tools/hmmer/search/hmmscan) to confirm 
their domains. Proteins were analyzed by ExPASy (http://web.expasy.org/protparam/) to calculate the number of amino 
acids, molecular weight (MW), and isoelectric point (pI). Subcellular localization was predicted using CELLO (v2.5) 
(http://cello.life.nctu.edu.tw/). Conserved motifs in the MCM sequences were identified using the MEME program 
(https://meme-suite.org/meme/doc/meme.html) with the following parameters: any number of repetitions, maximum of 
10 motifs, and motifs width of 6 - 200 amino acid residues. The TBtools software (v 1.098693) was used to visualize 
the patterns of domains and motifs in the sequences. In order to classify the J. curcas MCM proteins, a phenetic tree 
was constructed. MCM sequences from Arabidopsis (09), Oryza sativa (09), Brassica rapa (12), Populus trichocarpa 
(10), Manihot esculenta (12) e Ricinus communis (09) were obtained from Phytozome (https://phytozome-next.jgi.
doe.gov/). All the sequences were aligned by the ClustalX software, a tree was constructed using the Neighbor Joining 
method with a bootstrap of 1.000 replicates. The Evolview web tool (https://www.evolgenius.info/evolview/) (v3) was 
used to visualize the phylogenetic tree and groups. A total of seven genes encoding 15 MCM proteins were identified in 
J. curcas. The isoelectric point of the proteins ranged from 5.17 to 8.34, and the molecular weight from 80.81 to 106.95 
(KDa). Proteins were predominantly predicted in the nucleus (13 proteins), and two in mitochondria. The tree allowed 
classifying J. curcas MCM in four of the nine known subfamilies. Three conserved motifs characteristic of the family 
were detected: Walker A, Walker B, and the arginine finger - SRFD. With the exception of Mcm10, these three motifs 
were present in all subfamilies. No pattern of motif distribution was observed for the subfamilies, and all sequences 
(except Mcm10) showed the presence of two central domains: MCM_OB (N-terminal) and MCM AAA+ (C-terminal). 
Each subfamily exhibited a distinct architectural composition of detected domains. The data help to fill knowledge gaps 
about the MCM family in J. curcas and related Euphorbiaceae.
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Abstract: 
Bats are members of the second biggest mammal order existent, comprising over a thousand different species widespread 
across the entire globe, except for the polar regions and some isolated islands. Indeed, the surviving success in such a 
wide range of environmental niches resulted from many evolutive adaptations that these animals suffered along the time, 
that gave them some singular characteristics, such as the well-known abilities to fly and echolocation. Although, recent 
studies have shown that bats also have the noteworthy capacity of resisting viral infections without developing any clin-
ical effects, thus, chiropteran’s innate immunity mechanisms evolved a high capability of recognizing and responding 
to the presence of viral pathogens in the organism. Furthermore, a series of evidence pointed out that RNA alternative 
processing played a crucial role in the emergence of those immune mechanisms, permitting the expression of many 
transcripts with a limited amount of genes, by shuffling the remaining exons after the transcription process. Thereby, 
the objective of this study is to detect and quantify the occurrence of alternative splicing events in innate immunity-as-
sociated genes and compare the results, taking into account type and gene affected, between two different bat species, 
Artibeus jamaicensis, and Nyctinomops laticaudatus. Hence, the datasets of three biological replicates for each species 
were obtained from the NCBI database and then processed using Trimmomatic for eliminating poor quality reads and 
remnant Illumina adaptor, according to the accused deficiencies by FastQC. Afterward, the datasets were uploaded to 
the Galaxy platform, where the transcriptome assembly step has been realized using a de novo approach with Trinity, 
to eliminate the biasing chance in the reconstruction of novel transcripts and isoforms, and the abundance of transcripts 
was quantified with Salmon. Lastly, IsoformSwitchAnalyzeR, part of the R Bioconductor package, was used to detect 
alternative splicing events and filter the ones with statistical and biological significance. Our results revealed the sin-
gular importance of AS alternative splicing events to the comprehension of immune responses in bats, evidencing the 
potential increase in both the variability and diversity of the proteome.
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Abstract: 
Marfan syndrome (MFS) is an autosomal dominant and highly penetrant condition, caused by pathogenetic variants 
in FBN1, which encodes the protein fibrillin-1, a major structural component of the extracellular matrix that provides 
support to connective tissues. The disease has an approximate prevalence of 1 in 5.000 people, and 25% of individuals 
with MFS present de novo variants. The most important manifestations of MFS are dislocation of the ocular lens (ecto-
pia lentis), aortic aneurysms, aortic dissections, skeletal abnormalities that are characterized by overgrowth of the long 
bones, kyphosis and scoliosis, although pulmonary manifestations are observed too. However, MFS has substantial in-
trafamilial and interfamilial variability, indicating the existence of modifier genes. The MFS mouse model mgΔloxPneo has 
the ocular, cardiovascular, pulmonary and skeletal manifestations, as well the clinical variability observed in humans. 
Phenotypic differences within heterozygotes in the isogenic 129/Sv strain suggests that epigenetic alterations may be 
related to clinical variability. Objectives: In this project, we analyze the methylome and transcriptome of 129/Sv hetero-
zygotes animals presenting severe and mild phenotypes, in order to test the hypothesis. Methods: Ten lung samples of 
mgΔloxPneo animals (5 mild and 5 severe) were submitted to Next Generation Sequencing, generating two very interesting 
data sets: one with DNA methylation and another with the expression information. Data were pre-processed and aligned 
with the reference genome. Statistical analyzes are being performed using methylKit package, an R package for DNA 
methylation analysis. Quality control, exploratory analyzes and normalization of the data were performed. Each posi-
tion’s methylation (that corresponds to methylation of a single base pair) was grouped into regions and analysis to find 
differentially methylated regions were performed. Annotation and Gene-enrichment analysis will be performed to find 
pathways that will help to improve the link between genotype-phenotype. Differentially expression analyzes still need to 
be performed on the expression data, as well as additional analyzes on the methylation data. Results: Samples were not 
grouped according to their phenotype, when dimensionally reduced for visualization, in the exploratory analysis step. 
Many differentially methylated regions were found. Partial Conclusions: Mild and severe animals have some differences 
in methylation level, emphasizing that methylation may be an important factor modulating the severity of MFS, even 
when the animals are very similar, as evidenced by exploratory analysis.
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Abstract: 
Increasing biomass production and the resilience of plants under biotic and abiotic stresses is crucial to the future of sus-
tainable agriculture. The worldwide main crop for biomass production is sugarcane and its derivative energy-cane. One 
major problem related to lignocellulosic biomass to produce second-generation ethanol is its recalcitrance to enzymatic 
hydrolysis. Previous work on transgenic rice plants overexpressing the sugarcane ShSHINE transcription factor, proved 
its effect on the lignin pathway and recalcitrance reduction. Here, we analyzed the transcriptome profile of ShSHINE 
transgenic plants and use a previously obtained Arabidopsis-based biological network to construct a rice network aiming 
at unraveling other molecular events potentially affected by the transgene. The experiment was prepared in triplicate 
using genetic transformed and non-transformed plants, and RNAseq obtained in Illumina Platform. About 20 million 
reads were obtained on average for each treatment per replicate. Employing the rice genome JGI v7.0 available in the 
Phytozome 13 as reference (total of 42,189 predicted coding genes), 17,594 genes were considered as expressed (each 
replicates with at least 1 CPM), in which we identified 1,326 differentially expressed (DEGs) (FDR < 0.05 and Log2FC 
> |1|, EdgeR v3.38.1 pipeline); 588 up-regulated and 738 down-regulated. Rice orthologs of Arabidopsis encoding pro-
teins identified using BlastP with a cutoff of e-05, identity > 40% and query coverage > 60%, served as baits to construct 
our rice biological network composed of two layers (KEGG metabolic pathways and protein-protein interaction (PPI) 
retrieved from BioGrid). Our results showed that the largest network component had 9,016 nodes with 51,616 edges. 
Using the unsupervised Machine Learning K-means clustering algorithm (scikit-learn), we identified four centrality 
groups, named from A to D: 7,045 nodes less connected (A); 1,583 intermediate connected (B); 366 highly connected 
(C); and 22 super-connected nodes (D). We then included our transcriptome profile and DEG information to apply the 
‘Gene Set Enrichment Analysis’ and the Molecular Complex Detection (MCODE) algorithm to uncover submodules 
of the network showing contrasting expression tendencies of transgenic and non-transgenic plants. A total of 347 rice 
DEGs were placed in the network submodules revealing an Aquaporin PIP1B (hub gene) connected with 20 other 
DEGs. We also identified as a result of MCODE, a module containing six genes related to cellulose synthase, three of 
which up-regulated in transgenic plants with a fold change larger than 1.3. In conclusion, our work provided the first 
overview ShSHN1-transgenic rice plants unveiling molecular events and specific genes affected by the transgene. 
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Abstract: 
The high number of cases of diseases caused by microorganisms resistant to antibiotics has long been a global concern. 
International health and safety agencies periodically publish lists of high threat microorganisms to public health, empha-
sizing the urgency for research and development of new drugs. An alternative solution has been the rational engineering 
of molecules bioinspired in natural antimicrobial polypeptides from plants. Therefore, the present study used heveins 
from Hevea brasiliensis (known as “rubber tree”) as templates to rationally design bioinspired peptides (HevPBs), test 
them against pathogenic bacteria and evaluate cytotoxicity. Initially, the mining of candidate hevein sequences from 
rubber tree genome (available at NCBI) was performed by the HMMER3 algorithm. Then, the primary structures fea-
tures such as conserved domains, molecular mass, net charge and hydrophobic percentage were predicted by CD-Search 
NCBI, IPC, and APD3 web servers. The comparative modeling was performed by Modeller 10.0 and AlphaFold v2.1.0, 
for then stability analysis via molecular dynamics simulation by GROMACS 2019.4 computational package. Then, 
the novel peptides were rationally designed and antimicrobial potential of their sequences was predicted by CAMPR3, 
MLAMP, ClassAMP and Antifp web servers. Similarly, the probability of the sequences being toxic, allergenic and he-
molytic was verified by ToxinPred, AllerCatPro and Happenn, respectively. The designed peptides were characterized, 
their three-dimensional models were built via ab initio modeling (ROSETTA v3.10) and then subjected to solid-phase 
chemical synthesis. Thus, the synthesized peptides were tested in broth microdilution assays against Acinetobacter 
baumannii ATCC 13883 (Gram-negative) and Staphylococcus aureus ATCC 25923 (Gram-positive) bacteria, to obtain 
the minimum inhibitory and bactericidal concentrations (MIC and MBC, respectively). Finally, cell viability by MTT 
assays were performed using Vero cells, with an exposure time of 24h. In this study, 11 heveins were identified and pre-
dicted to have molecular mass between 3.54 and 4.7 kDa, net charge from - 3 to +4 and hydrophobic percentage of 28-
40%. Their 3D models showed two central antiparallel β-strands and a short adjacent α-helix that form the chitinbinding 
structural motif. From these heveins, 9 cationic and amphiphilic HevPBs were rationally designed and predicted to be 
antimicrobial as well as non-toxic, non-allergenic and non-hemolytic. Then, only HevPB2, HevPB6, HevPB7, HevPB8 
and HevPB9 were synthesized due to the greater stability of their models (all were β-hairpin) in molecular dynamics 
simulations. Among the synthetic peptides, HevPB6 stands out for its activity against A. baumannii (MIC and MBC = 
512 µg.mL-1 ) and S. aureus (MIC = 256 µg.mL-1 ; MBC = 512 µg.mL1 ), as well as it was not cytotoxic at the highest 
concentration tested (1024 µg.mL-1 , with 80% of viable cells). The present study is pioneer in using rubber tree heveins 
for rational design of peptides with therapeutic potential. In addition, the continuity of experiments, including assays 
against other pathogens, genotoxicity and tests in animal models, would make it possible to explore the pharmacological 
potential of the Brazilian flora increasingly.
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Abstract: 
Lectins are proteins capable of recognizing and binding distinct carbohydrates, mediating different biological processes, 
including cell-cell, host-pathogen, and innate immune responses, often used as models for biotechnological applica-
tions. The lectins of the hololectin class have been reported in the literature for their involvement in plant defense, acting 
from the interaction with other cellular proteins. However, little is known about its role in Cowpea (Vigna unguiculata 
L.) under stress conditions. Thus, this work aimed to perform an in silico prediction of the structure of hololectins in 
cowpea RNA-Seq libraries (Illumina, paired-end) under multiple stresses (water deficit and viral infections), as well 
as to evaluate their antimicrobial activity. Initially, a search was performed for lectin probes in the Uniprot database, 
which were aligned via tBLASTn against the transcriptomes available in our research group. The search for conserved 
domains was performed using the NCBI Batch CD-search and the physicochemical characterization of the proteins us-
ing JVirGel 2.0. Cell-Ploc 2.0 was used to verify the subcellular location and the presence of signal peptide in SignalP 
and disulfide bonds in DiaNNA. Additionally, the prediction of antimicrobial activity was performed using ClassAMP. 
157 candidate sequences hololectins with characteristic B_lectin domain was obtained, presenting isoelectric points 
ranging from 3.97 to 10.16 and molecular weight from 8.07 to 62.83 kDa. Most of the sequences (116 transcripts) were 
in the cell membrane. Only one sequence showed a signal peptide. At least ten distinct patterns of disulfide bonds were 
observed, indicating possible conformational changes in the structures of the evaluated sequences. In the antimicrobial 
prediction, 156 sequences showed activity, with 140 sequences exhibiting antifungal, ten antiviral, and six antibacterial 
activities. The percentage of activity ranged from 0.75 to 0.99, being considered ideal. The data allowed to expand the 
knowledge about the structural, physicochemical, and antimicrobial activity characteristics of hololectins from V. un-
guiculata under abiotic and biotic stresses. The functional analysis and expression validation by qPCR will contribute to 
the selection of promising targets for biotechnological applications in cowpea and other Leguminosae species.
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Abstract: 
Lectins are biomolecules with antimicrobial activity against bacteria (Gram-negative and Gram-positive), fungi, and vi-
ruses. Identifying the antimicrobial mechanisms of lectins represents an advance in developing new and effective drugs. 
Notably, the availability of genome sequencing data helped research in lectinology. Cowpea (Vigna unguiculata L.) has 
aroused interest due to its adaptive capacity in the face of stress conditions, presenting itself as a source for identifying 
relevant biomolecules. This work aimed to perform the in silico prediction of lectins in the genome of V. unguiculata, 
determine the antimicrobial activity, and select targets for rational peptide design. Lectin probe sequences were obtained 
from the UniProt database, aligned via HMMER3 in the cowpea reference genome, and evaluated for antimicrobial 
activity, toxicity, and allergenicity, using CAMPR3, Toxinpred, and Allercatpro, respectively. The ab initio modeling 
was performed using the ROSETTA algorithm. The theoretical models were validated by employing stereochemical 
analysis with PROCHECK, and the study of the folding quality was achieved by ProSA II. Additionally, the stability of 
the structures in molecular dynamics was verified using the GROMACS package. A total of 76 sequences were obtained 
after genome alignment. Of this total, 35 were predicted for antifungal activity, three for antibacterial activity, and 38 
had no activity. Of the sequences with detected activity, none were toxic or allergenic. From these results, two targets 
were selected for evaluation of the domain region with predicted antimicrobial activity and new ab initio modeling. One 
thousand models of each candidate were generated, with the best model of each sequence showing 100% of the amino 
acids in favorable regions and within the desired scoring range in the stereochemical analysis. In molecular dynamics, 
the models remained stable over the analyzed time interval (100 ns). These results allowed the choice of candidate lec-
tins for synthesis and in vitro tests of peptides aiming to confirm their biological activities and the development of new 
antimicrobial peptides.
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Abstract: 
Alzheimer’s disease (AD) is a debilitating neurological condition in which genetic variation accounts for 70% of AD 
cases. This pathology can be classified into two types: early-onset Alzheimer’s disease (EOAD), with sporadic or famil-
ial cases; and late-onset Alzheimer’s disease (LOAD), the most prevalent form, recently presenting a polygenic etiology. 
Currently, there are dozens of AD risk loci identified by large databases of whole-genome association studies (GWAS). 
However, this technique has limitations such as: difficulty in functional implications, in effect size and cellular impact 
of genetic variation. In order to overcome these issues and allow the correct distinction of variants that have neutral 
effects from those that induce the phenotype, this project aims to annotate genomic sites that encode amino acids linked 
to post-translational modifications (PTMs) related to AD. Our hypothesis is: a priori association signals can improve the 
risk assessment after annotation of specific functional regions of the genome. Among these regions, PTMs are the targets 
of this study, as they are key mechanisms in almost all physiological and biochemical processes in cells. In addition, this 
project also used a repository of genome variants of Brazilian individuals of the Brazilian Online Archive of Mutations 
(ABraOM), providing observations in a mixed population and analysis of the effects of different ancestries on the risk 
of Alzheimer’s disease. Therefore, this proposal aimed to create a database for annotations of genes found in studies of 
GWAS in polygenic and monogenic forms to later investigate the effect of genetic variation in potentially target sites 
of PTMs in risk prediction. We have preliminary results on the integrative annotator, where candidate genes data were 
extracted from the PTMs repository (iPTMnet), transcripts and isoforms mapped, and variants in these genes obtained 
in databases (ABraOM and gnomAD) were annotated. In the next steps, we will expand the list to include genes iden-
tified by approaches of genomic interaction networks (BioGRID, KEGG and inBio Discover™, Encode and GTEx). 
The assessment of the effect on AD risk prediction is carried out through collaborations and access to data repositories 
(dbGaP, EGA and UK Biobank) for comparison of Polygenic Risk Score techniques applied in the Cox regression model 
using the function anova() in R. The expected results are intended to provide relevant information to filter variants more 
strongly related to AD, revealing the consequence of the addition of the PTMs relationship factor in the PRS as well 
as analyses of the differences in allele frequencies between the variants associated with PTMs and remaining variants 
without signal or with non-PTM signals. 
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Abstract: 
The pig (Sus scrofa) is responsible for the production of one of the most consumed meats worldwide and is a source of 
protein and fatty acids (FA) in the human diet. As they are animals that reflect dietary FA, there is an increasing use of 
unsaturated FA, which have functional properties with beneficial human health effects, in the pig diet. We hypothesized 
that feeding pig diets containing different oil sources would provide a differential expression of genes involved in im-
portant biological processes in the liver. The understanding at the molecular level of FA is still quite limited, thus the 
aim of this study was to evaluate changes in gene expression in the liver of pigs. For that, all animal procedures were 
approved by the Animal Care and Use Committee of Luiz de Queiroz College of Agriculture (2018.5.1787.11.6). Thir-
ty-six immunocastrated male pigs (offspring of Large White sires x Large White dams) with an average age of 71 ± 1.8 
days were randomly allotted to one of two treatments with six replicate pens per treatment and three pigs per pen for 
98 days. Dietary treatments consisted of corn-soybean meal growing-finishing diets supplemented with 3% soybean oil 
(SOY) or 3% fish oil (FO). Total RNA was extracted from liver samples, and then mRNA was sequencing by Illumina 
technology, of which sequencing adaptors, and low complexity reads were removed by Trim Galore (v.0.6.5). Reads 
with Phred score higher than 33 and a length higher than 70 nucleotides were kept after trimming. Quality control and 
reads statistics were estimated with FASTQC (v.0.11.8) and the abundance (read counts) of mRNAs for all annotated 
genes was calculated using STAR (v.2.7.6a). Differential expression analyses (DEG) were identified using DESeq2 
(FDR 10%) and revealed a total of 143 DEG between comparison SOY vs FO. We identified the cytochrome P450 2B6 
(CYP2B6) (+2,18 log2 fold change) DEG and cytochrome P450 7A1 (CYP7A1) (+2,77 log2 fold change) in FO group. 
The enzymes are members of the cytochrome P450 superfamily of enzymes and play an important role in the synthesis 
of cholesterol, steroids, and other lipids. The mutation in the CYP7A1 5?-flanking region has already been associated 
with plasma LDL-cholesterol levels. In addition, they participate in the first reaction that converts cholesterol into bile 
acids, which is important in removing cholesterol from the body. The CYP2B6 is related to the steroid metabolic pro-
cess, obesity, and metabolism of eicosanoids, and drugs. The FO group has a better relationship with lipid metabolism 
when compared to the SOY group. In conclusion, the enrichment of the basal diet with oil sources containing different 
FA profiles influenced the differential expression of genes related to metabolic processes in porcine liver.
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Abstract: 
Lipids are a major class of biological molecules which can relate transcription regulation and that can contribute to many 
biological processes. Lipid sources such as soybean oil (SOY) and fish oil (FO) are used in pig diets, which are import-
ant sources of unsaturated fatty acids (FA). FO is particularly an important source of docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA). To the best of our knowledge, no studies have investigated in detail the effects of dietary 
FA on regulating gene transcription in porcine tissues. Thus we hypothesized that the use of different sources of FA in the 
diet of pigs modifies the expression of transcription factors (TF). Thus, our main goal was to evaluate the transcriptome 
profile of skeletal muscle and liver of pigs fed with 3% of SOY or 3% of FO (SOYvsFO) (n=36 per comparison, per 
tissue) during 98 days of the study. The animals were Large White immunocastrated males and were slaughtered with 
133.9 ± 9.4 kg of body weight on average, the moment that the sample tissues were collected and immediately frozen 
in liquid nitrogen. The total RNA was extracted by using commercial kit following the fabricant recommendations. 
Then the mRNA libraries were constructed, and the sequencing was performed by Illumina technology (HiSeq 2500). 
The RNA-Sequencing data quality was checked using the FastQC, v. 0.11.8. Adapters and bases with low PHRED 
scores were removed using the Trim Galore v. 0.6.5 and the filtered reads were mapped against to the reference genome 
(Sus Scrofa 11.1) using the STAR v. 2.7.6a software. The differential expression analyses (DEG) were performed by 
using DESeq2 (FDR 10%) R. A total of 531 DEG were identified in skeletal muscle being 406 were down-regulated 
(log2FC ranging from -4.99 to -0.23) and 125 up-regulated (log2FC ranging from 0.21 to 3.53) in the SOY group. For 
liver samples, 143 DEG were identified, where 87 were down-regulated (log2FC ranging from -3.94 to -0.20) and 56 
up-regulated (log2FC ranging from 0.28 to 1.94) in the SOY group. For a functional analysis, the TF associated with the 
comparison (SOYvsFO) for each tissue was detected by MetaCore Interactome enrichment tool (v.22.1) using Homo 
sapiens genome annotation as background reference. The results showed in the skeletal muscle for the SOY group, the 
up-regulated TF were LBP9 and SOX9 related to lipid binding and regulation of cellular metabolism by suppressing 
FA oxidation, respectively. The down-regulated TF are HOXA5, ChREBP, PPARG, PR (nuclear), C/EBPα, DBP, and 
TCF7L2 and are associated with functions such as regulation of angiogenesis, circadian rhythm, cellular response to 
tumor necrosis factor, among others. In the liver, only TF SMAD3 was identified, with lower expression in the SOY 
group. The reduction in expression by SMAD3 has already been related to the inflammatory response in some studies, 
but its role is not well established. In summary, the modification of the inclusion of the oil source in the pig diet altered 
the transcriptional regulatory profile of tissues related to the inflammatory response and biological processes.
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Abstract: 
As an RNA virus, SARS-CoV-2, the cause of COVID-19, depends on the host cell’s machinery to multiply. Therefore, 
once it infects the cell, this virus interacts and triggers changes in cellular homeostasis, including in gene transcription 
regulation. Thus, transcriptome analysis can become helpful in the study of pathogenesis, identification of therapeutic 
targets, and evaluation of a patient’s response to infection. Applications of RNA-seq can range from biological research 
to the discovery of drugs and therapeutic targets. It is a fact that many works emerged during the pandemic years to 
analyze SARS-CoV-2 host transcripts. Thus, hundreds of data in the databases can be analyzed from a new perspective. 
Therefore, this work aimed to identify potential markers of disease progression or genes necessary for developing the 
disease. To this, we search in the Gene Expression Omnibus (GEO) database for RNA-seq from patients infected with 
COVID-19 and their controls using the keywords “COVID-19” and “Homo sapiens”. For the search, 5 different types 
of samples were selected, nasal swab, bronchoalveolar lavage fluid (BALF), lung biopsy, whole blood, and peripheral 
blood mononuclear cell (PBMC). The identified samples were analyzed for the availability of raw public data and infor-
mation about the patient, such as age, disease severity, gender, case evolution, and days of symptom onset. The raw data 
selected and available were analyzed on Galaxy web-based platform. The fastQC and MultiQC tools were used to ana-
lyze and visualize the quality of the reads. Then, the reads were aligned with the GRCh38 reference genome using STAR 
(Version 2.7.8a+galaxy0) and counted using FeatureCounts (Version 2.0.1+galaxy2). DEseq2 was used to calculate the 
differential expression of the data. As a result, the first analyzed date was registered in GEO with GSE172274. These 
data are Nasal Swab patient samples from the Clinical Microbiology Laboratory at Montefiore Medical Center (USA), 
collected between November 2020 and January 2021. For this work, we selected 13 subjects aged 9 to 82 years old, 
six men and seven women, five of these patients required some oxygen support. Initially, patients who required oxygen 
support were compared with those who did not. As a result, 154 genes with altered expression and p-value <0.05 were 
obtained. Sixty-one downregulated genes and 93 upregulated genes. GO Analysis by Panther and BinGO did not result 
in enriched and significant metabolic processes. CXCR5, a cytokine receptor involved in B cell migration, was the most 
downregulated gene in patients who required oxygen support, with Fold change (FC) = -4.87. In contrast, the most up-
regulated gene was a miRNA MIR5689HG with FC = 3.77. The analysis of bronchoalveolar lavage fluid (BALF), lung 
biopsy, whole blood, and peripheral blood mononuclear cell (PBMC) samples are in progress. In conclusion, different 
from the original article that compared the response to infection in children versus adults. We analyzed the same data 
differently and identified differentially expressed genes that could influence the host’s response to the virus, indicating 
that there is still much to be explored in omics data already produced.
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Abstract: 
Probiogenomics is a research field in prominence due to the importance of probiotic microorganisms, especially lacto-
bacilli, both for the food industry and in the promotion of human health. Among the advantages of the use of genomic 
aproaches lies the possibility to provide a more comprehensive understanding of the molecular basis behind probiotic 
properties of the bacterial strains, such as anti-inflammatory and pathogen inhibitory effects. Currently, it is possible to 
find several studies on the subject, however, the species Lactiplantibacillus plantarum presents great genetic diversity 
and is still poorly explored. Therefore, probiogenomics of this species is necessary to identify which strains are the most 
promising for probiotic applications. In the present study, we sought to characterize taxonomically and functionally, 
through NGS technology and bioinformatics analysis, the complete genomes of six L. plantarum strains isolated, and 
sequenced in Brazil by our research group. Therefore, the taxonomy of all strains was analyzed using Average Nu-
cleotide Identity by BLAST (ANIb), using the genome of L. plantarum SK151 as reference and an external group, L. 
argentoratensis DSM16365, from the GENBANK database (NCBI). It was confirmed that all six strains were classified 
as L. plantarum. Additionally, the six isolates from Brazil were analyzed using the Bagel4 tool, where several enterocin 
and bacteriocin genes were identified. The genomes of the strains lpl4, lpl11, lpl14 and lpl18, presented six genes, and 
lpl2 and lpl20 presented five genes. Therefore, it is possible to conclude that the evaluated strains are possibly probiotic, 
however, further studies on the subject are necessary. 
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Abstract: 
Transposable elements (TEs) are repetitive sequences found in most eukaryotic genomes and, in most cases, comprise a 
major portion of the genome. TEs are primarily classified as class 1 (retroelements) or class 2 (DNA transposons), and 
can be further classified into orders, superfamilies and families. Due to their repetitive nature, the identification of TEs 
in genomes is not an easy task. Recent advances in computational methods have enabled the development of tools to 
address the issue of TEs identification and classification. New tools based on artificial neural networks (ANN) have been 
effectively employed in omics sciences and precision medicine, such as biomedical image categorization, prediction of 
alternative splicing sites, and protein structure identification. ANN are computational attempts to imitate the function-
ality of the human brain in order to learn patterns and generate predictions based on continuous data or discrete class 
labels. Convolutional neural networks (CNN) are an ANN architecture inspired by animal visual cortex in learning pat-
terns via feature extraction and filtering, retaining just the key characteristics of the pattern and eliminating the need for 
hand-engineered data filters. Our work proposes the use of CNN to identify and classify TEs in genomes of eukaryotic 
organisms. In the first step, with the aid of RepeatScout, we extract repetitive sequences from genomes, then use a first 
CNN model to discriminate the repeats as being either retroelements, DNA transposons or neither. Sequences identified 
as retroelements are then classified by a model trained on class 1 superfamilies as belonging to the superfamilies Copia, 
ERV, Gypsy, L1 or other undefined non-LTR retroelement. Also, a model trained on class 2 superfamilies is used to 
categorize the sequences identified as DNA transposons in the superfamily levels of hAT, PIF-harbinger, Tc-Mariner, 
Helitron and undefined DNA transposon subclass 1. The first model was trained on 71957 sequences and evaluated on 
17989 sequences. The accuracy of training was 96.53%, while the accuracy of testing was 94.10%. The retroelement 
superfamily classification model was trained on 24664 sequences and tested on 6166 sequences. The training accuracy 
was 94.60%, whereas the testing accuracy was 80.04%. The model for class 2 superfamilies was trained on 11300 se-
quences and evaluated on 2825 sequences. The training accuracy was 93.78%, while the testing accuracy was 84.64%. 
Although well curated TEs data are still lacking regarding some TE orders and even more on the superfamily side, we 
were able to build a tool using a CNN model to classify TEs at a superfamily level, demonstrating that ANN are a great 
ally in the bioinformatics field in tasks as complex as identifying and classifying TEs of eukaryotic organisms.
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MIRNA TARGET OF TREML4 IN CORONARY ARTERY DISEASE PATIENTS:  
IN SILICO APPROACH
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Abstract: 
Coronary artery disease (CAD) is an inflammatory disturbance associated to Triggering Receptor Expressed on Myeloid 
cells-Like 4 (TREML4), a protein member of the immunoglobulin superfamily, which is key regulator of inflammation. 
To evaluate miRNA expression profile of CAD patients using databases free available online and associate these miR-
NAs with TREML4 in the CAD development. miRNA expression profiles in plasma sample from CAD patients and 
healthy subjects were downloaded from GEO datasets (GSE49823 and GSE53211). miRNAs differentially expressed 
(fold change >2, p <0.05) in both CAD datasets and miRNAs regulated by TREML4 predicted by TargetScanHuman 
v8.0 were selected. Showed that 8 miRNAs (miR-181a-5p, miR-200b-3p, miR-24-3p, miR-296-5p, miR-361-5p, miR-
423-5p, miR-486-3p and miR-708-5p) are predicted to interact with TREML4 and could act in inflammatory pathways 
that are associated with the CAD development. in silico approaches enable to predicted that miR-181a-5p, miR-200b-
3p, miR-24-3p, miR-296-5p, miR-361-5p, miR-423-5p, miR-486-3p and miR-708-5p are differentially expressed in 
CAD patients, being associated with inflammatory pathways stimulated by TREML4

Palavras-chave: miRNAs; CAD; In silico analysis; TREML4; Biomarkers
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COMPARATIVE ANALYSES OF THE COMPLETE MITOCHONDRIAL GENOMES  
OF THEOBROMA CACAO AND T. GRANDIFLORUM SHOWS A CONSERVED  

FUNCTIONAL GENE SPACE WITHIN PLASTIC MITOGENOMES STRUCTURES

Vinicius Augusto Carvalho de Abreu1; Rafael Moysés Alves2; Saura Rodrigues da Silva3; Jesus Aparecido 
Ferro4; Douglas Silva Domingues5; Pedro Augusto Farias de Souza6; Vitor Fernandes Oliveira de Miranda7; 
Alessandro de Mello Varani8 
1Professor Adjunto. Rua Augusto Corrêa, 01. Laboratório de Bioinformática e Computação de Alto Desempenho (LaBioCad), 
Faculdade de Computação (FACOMP), Universidade Federal do Pará, 66075-110 Belém, PA, Brazil; 2Pesquisador. Travessa Dr. 
Enéas Pinheiro. Embrapa Amazônia Oriental, 66095-903 Belém, PA, Brazil; 3Pesquisadora. Via de Acesso Professor Paulo Donato 
Castellane. Departamento de Biotecnologia Agropecuária e Ambiental, Universidade Estadual Paulista (UNESP), Faculdade de 
Ciências Agrárias e Veterinárias, 14884-900 Jaboticabal, SP, Brazil.; 4Professor Titular. Via de Acesso Professor Paulo Donato 
Castellane. Departamento de Biotecnologia Agropecuária e Ambiental, Universidade Estadual Paulista (UNESP), Faculdade de 
Ciências Agrárias e Veterinárias, 14884-900 Jaboticabal, SP, Brazil.; 5Pesquisador III. Avenida 24 A. Departamento de Botânica, 
Instituto de Biociências, Universidade Estadual Paulista (UNESP), Rio Claro 13506-900, SP, Brazil; 6Discente. Rua Augusto 
Corrêa, 01. Laboratório de Bioinformática e Computação de Alto Desempenho (LaBioCad), Faculdade de Computação (FACOMP), 
Universidade Federal do Pará, 66075-110 Belém, PA, Brazil; 7Professor Associado. Via de Acesso Professor Paulo Donato 
Castellane. Departamento de Biologia, Faculdade de Ciências Agrárias e Veterinárias, Universidade Estadual Paulista (UNESP), 
14884-900 Jaboticabal, SP, Brazil; 8Pesquisador III. Via de Acesso Professor Paulo Donato Castellane. Departamento de Biologia, 
Faculdade de Ciências Agrárias e Veterinárias, Universidade Estadual Paulista (UNESP), 14884-900 Jaboticabal, SP, Brazil

Abstract: 
Together with the chloroplast genome and smaller-scale nuclear genes, the plant mitochondrial genome is responsible for 
encoding essential proteins related to cellular respiration and energy production of ATP through photosynthesis and oxi-
dative phosphorylation. However, different from the mammals and other vertebrates, the plant mitochondrial genomes are 
very plastic, showing an enormous size variation, multiple sequence arrangements, like as circular and non-circular forms, 
and linear and branched structures, coexisting within the mitochondrion. These characteristics make the plant mitochon-
drial genomes hard to assemble using bioinformatics tools with even long-read technologies. Moreover, the plant mito-
chondrial genes and mtDNA itself are good markers for phylogenetic, evolutive, and comparative analyses. Among the 
Theobroma species (Malvaceae s.l.), T. cacao and T. grandiflorum are known by their agriculture value. Also, both species 
show considerable biotechnology potential due to their other derived products, thus, aggregating additional economic value 
for the agroindustry. However, to date, there are no genomics resources for the mitogenomes of both species. In this work, 
we assembled, analyzed, and compared the mtDNA of Theobroma cacao and T. grandiflorum to generate a new genomics 
resource and unravel their evolutionary landmarks. We also proposed a new and simple bioinformatics methodology based 
on different assemblers algorithms and graph visualization to determine mtDNA complexity and multiple alternatives and 
specific arrangements. Using this methodology, we revealed that both Theobroma mtDNA exhibit multiple alternative 
arrangements, confirming the dynamism commonly observed in plant mtDNA. However, it was possible to disentangle 
the assembly graph, retrieving a potential predominant circular molecule. This master circle molecule spans 543,794bp 
and 501,598bp for T. cacao and T. grandiflorum, respectively, sharing 98.9% of average sequence identity. An 8-kb repeat 
was identified and may serve as a substrate for homologous recombination events that may symmetrically isomerize both 
mtDNA in other sub-and smaller circular molecules. Both mtDNA contains the same set of 40 plant mitochondrial genes, 
commonly found in other rosids mitogenomes. The main features are a duplicated copy of atp4, the rpl6, rps2, rps8, and 
rps11 that are missing, and the presence of two chimeric open-reading frames that may be associated with cytoplasmic male 
sterility. Moreover, few ptDNA integration represented by tRNAs, and no viral sequences were detected. Phylogenomics 
analyses presents Theobroma spp. nested in the Malvaceae. The main mtDNA differences are related to distinct structural 
rearrangements and exclusive regions related to relics of Transposable Elements integration. These findings support the 
hypothesis that the observed structural differences between both Theobroma mitogenomes may accompanied the species 
differentiation 8-12 Mya, and were impacted by TE transfer from nuclear genome, supporting the hypothesis of dynamic 
mitochondrial genome maintenance and divergent evolutionary paths and pressures into the mtDNA after species differ-
entiation. Conversely, our mitogenome assembly methodology provides not only an easy way to retrieve the and visualize 
the mtDNA complexity, but also provide means to recover predominant circular molecules. We hope that these procedures 
should be helpful for other projects involving the resolution of plant mitochondrial genome assembly
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Abstract: 
Antimicrobial resistance is a serious threat to global health. Moreover, the increased indiscriminate use of antibiotics 
during the COVID-19 pandemic, might imply it as one heighter factor of the bacterial resistance. Furthermore, infec-
tions caused by multidrug-resistant bacteria are thus a substantial clinical and economic threat. In this regard, peptide 
design are investigated by research groups spread all over the world, for its remarkable array of biological functions 
for innovative therapies in almost all branches of medicine. The present work focuses on design of potential antimi-
crobial oligopeptides aimed for antimicrobial activity. The in-silico prediction of potential short peptides used four 
defensin-like antimicrobial peptide sequences previously identified in Calotropis procera transcriptome under saline 
stress as template. The criteria for peptide design screening considered: antimicrobial activity (CAMPr3, MLAMP and 
ClassAMP); blood-brain barrier penetrating (B3Pred), allergenicity (Allercatpro), toxicity (Toxinpred) and hemolytic 
activity (Happenn), physicochemical amphipathicity and cationic surface was also considered for a membrane driven 
interaction mimicking. For molecular modeling, the ab-initio ROSETTA protocol was performed for all properly de-
signed peptides. The theoretical models stereochemistry, folding were curated through Quality mean DisCo score. The 
prediction of ionizable groups of previously validated proteins considered a heuristic method of calculating pKa with the 
empirical model PROPKA, the charge radii were signalized through Charmm22 force field and electrostatic potential 
calculation by solving the linearized Poisson-Boltzmann equation at physiological pH. GROMACS 2019.4 was used to 
perform molecular dynamics simulations. The system temperature and pressure was adjusted to 300K, 1bar respectively. 
Atomistic simulation was performed under the GROMOS 53a6 force field in a 4nm³ box, solvated with the SPC water 
model and assimilated point charges at physiological concentration (0.15 M) by the addition of Na+ and Cl- ions, and 
periodic boundary conditions in three axes. The energy optimization of the system occurred in 50,000 steps through 
steepest descent for 100ns. Four properly designed peptides were evaluated in vitro for minimum inhibitory (MIC) 
and minimum bactericidal concentration (MBC) for Staphylococcus aureus and Acinetobacter baumanni. A total of 84 
potential designed sequences were firstly recovered from defensin templates, only the top ten sequences with design 
screening criteria acceptance were considered for further analysis. Theoretical models presented beta-hairpin, alpha-he-
lix and coil secondary structure, also a proper global quality score (>50%). Furthermore, dynamical simulation reveals 
that all designed peptides had stability, but flexible three dimensional structure. The designed candidates Cpdef2 and 4 
presented 64 and 256 µg/mL (MIC), 512 µg/mL (MCB) for S. aureus and 128 and 64 µg/mL (MIC), 512 µg/mL (MCB) 
A. baumanni. For the other two designed candidates Cpdef1 presented 32 µg/mL (MIC/MCB) for S. aureus, and Cpdef3 
16 (MIC) 128 (MCB) for S. aureus and 64 (MIC) 512 (MCB) A. baumanni. In this regard, our report corroborates with 
in-silico tools and prediction criteria as potential fast driven appliance form to rationally design peptides and plant pep-
tides as a potential supply of new antimicrobial agents to attempt for the global needs of antibiotics. 
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Abstract: 
Defensins are cysteine rich antimicrobial peptides widely distributed throughout the plant, animal and even fungi king-
doms. However, their structure-function relationship is poorly understood. In this regard, our approach aimed to iden-
tify and characterize defensin-like sequences in C. procera transcriptome, and also their three dimensional structures 
and their respectives dynamical behavior. The gamma-thionin query database was compiled from Pfam, Uniprot and 
PhytAMP databases using “plant AND defensin” search string. The sequence mining chosen algorithms were BLAST, 
HMMER and RegEx against a C. procera transcriptome under saline stress. The sequence domains where predicted with 
Interposcan and CDSearch, and gamma-thionine hits with domain (<e-5) were considered. The full selected sequences 
were characterized regarding cleavage sites with Signal-P, and domains for cysteine connectivity pattern with DiAN-
NA. Also antimicrobial activities were predicted through different trained methods based on different datasets with 
CAMPR3, MLAMP and ADM servers. For molecular modeling, two templates with at least >72.34% identity (PDB-
ID: 6dmz and 2lr3) were considered, and 100 theoretical models were generated for each sequence through energy 
landscape sampling; the best solution that satisfies spatial constraints was selected through minimum energy consensus 
metric. The theoretical models stereochemistry, folding were curated through Ramachandran, Z-score and Quality mean 
scores. The prediction of ionizable groups of previously validated proteins considered a heuristic method of calculating 
pKa with the empirical model PROPKA, the charge radii were signalized through Charmm22 force field and electro-
static potential calculation by solving the linearized Poisson-Boltzmann equation at physiological pH. Molecular dy-
namics were simulations in the SINAPAD petaflopic computing system. The GROMACS 2019.4 was used to simulate. 
The system temperature and pressure was adjusted to 300K, 1bar respectively. Atomistic simulation was performed 
under the GROMOS 53a6 force field in a 4nm³ box, solvated with the SPC water model and assimilated point charges 
at physiological concentration (0.15 M) by the addition of Na+ and Cl- ions, and periodic boundary conditions in three 
axes. The energy optimization of the system occurred in 50,000 steps through steepest descent for 100ns. A total of 3130 
query were selected for the query dataset, and 12 sequences were identified in C. procera. Four defensin-like with 47aa 
length and full gamma-thionin domain were caracterized with typical cis-defensin dissulfind pattern and antimicrobial 
activity covalidated through different prediction methods. Also, theoretical models presented proper stereochemical 
(>92% favorable), global quality (>50%) and folding. All models presented a CS-αβ scaffold and a major positively 
charged surface, with a more densely charged region on γ-core. Also, all models present a stable, compacted and rigid 
structure. Furthermore, a more flexible structure corresponding to the α and γ-core presented a correlated motion driven 
by a disulfide-bridge. Also, the high non-synonymous substitution rate in a highly conserved structure meddles in their 
structure-function relationship, either with tissue-specific targets or broad-spectrum activity. On this subject, defensins 
present a range of biological potentials to be explored by medicine and pharmacological purpose.
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Abstract: 
Bacteriophages (phages) are the most abundant entity on earth. These viruses act as important players regulating bacte-
ria abundance and diversity in every ecosystem. Through metagenomics it is possible to explore the ecological impact 
of these viruses in the environment and to prospect their genomes for either clinical or biotechnological relevant genes. 
Composting is a controlled process of biomass degradation mediated by microbial metabolism. The abundance, diver-
sity, and importance of bacteria for the composting process is well characterized. The goals of this work are to build the 
first catalog of bacteriophage genomes recovered from metagenomes of 6 composting chambers, explore these genomes 
and characterize the impact of these viruses in the composting process through the modulation of bacterial abundance. 
A specific pipeline for recovering metagenome-assembled genomes (MAGs) from phages was designed and applied 
on the composting metagenomes dataset. We characterized the completeness, novelty, taxonomic profile, putative host 
and carried out the annotation of each recovered phage MAG. A total of 401 phage MAGs were recovered, nearly 56 % 
of them were recovered from composting chamber ZC4 from which we have a larger dataset. A median of 24 kbp was 
calculated, and the smallest and biggest phage MAG recovered yield 10 kbp and 608 kbp, respectively. No nucleotide 
sequence similarity was identified between recovered MAGs and phage genomes from reference repositories and at 
least 54 exclusive clusters composed of composting phage MAGs were identified. Only 11.5 % of the recovered MAGs 
were assigned with a putative host, and from these, nearly 29 % of the assigned hosts are known to inhabit composting. 
In summary, the pipeline applied was successful for recovering phage MAGs, mainly Caudovirales. A great novelty 
was observed from the 401 recovered MAGs when compared with the reference repositories. At least 54 new genera of 
bacteriophages were identified, and we recovered MAGs for which putative hosts are indigenous to composting envi-
ronments. 
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Abstract: 
Cyanobacterial natural products originate from secondary metabolism and exhibit a wide range of chemical structures 
and biological activities. The advances in biosynthetic genes mining due to the improvements in genomic sequencing 
are leading to the discovery of genes coding for enzymes involved in natural product synthesis by cyanobacteria. This 
strategy has proved to be promising for the generation of products with biotechnological purposes. This work aimed 
to explore the overall biosynthetic potential of the cyanobacteria identified as GFB04, isolated from oyster from the 
Amazonia region, and its associated minimetagenome through sequencing, assembly, and genome mining. Sequencing 
was performed using Illumina Nextseq 500 sequencing technology generating 137,143,050 reads with 151 bp length. 
The genome was assembled using a metagenomic approach since this isolate is not axenic. Reads were quality-trimmed 
using ERNE-Filter. Sequences were assembled using metaSPAdes v.3.13.1 generating 11,805 contigs. The complex 
genomic data obtained were separated per organism using the binning program MaxBin 2.2.7. The taxonomic identifi-
cation was performed using BLAST comparison of 16S rRNA against the SILVA database. Annotation of the GFB04 
genome was performed using the RAST 2.0 server, applying the RASTtk method. Putative secondary metabolite gene 
clusters were identified using antiSMASH v. 2.0. A total of 10 genomes were recovered, including the cyanobacteria 
GFB04 genome. Based on 16s rRNA sequence similarity, GFB04 was classified as Leptolyngbya sp. with an identity of 
95%, being possibly a new genus. Analyzing GFB04 sequences we identified 11 biosynthetic gene clusters (BGCs) pro-
ducing at least five natural products of different structural classes: nonribosomal peptide synthetases (NRPS), involved 
in the production of antibacterial, immunosuppressant, and anticancer drugs; Type I polyketide synthases (PKS), related 
to compounds with antibiotic activity; Bacteriocins, potent antimicrobial peptides; Hybrid NRPS/PKS, associated to 
compounds with antibiotic activity and antitumor compounds; and terpenes. Analyzing the minimetagenome potential 
we identified 58 BGCs responsible for the biosynthesis of at least 16 natural products of NRPS, PKS, hybrid NRPS/
PKS, bacteriocins, and terpenes classes. Genome mining results have revealed the secondary metabolite potential of 
the cyanobacteria identified as GFB04 and its associated microbial community. This bioinformatics study has identified 
biosynthetic enzymes, evidencing cyanobacteria as powerful machinery for the synthesis of natural products, which are 
of great value for pharmaceutical industries and biotechnological exploitation. 
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Abstract: 
Microorganisms inhabiting extreme environments are thought to encode secondary metabolites as a survival strategy 
for thriving under harsh environmental conditions. Such environments harbor an unexplored potential for the discovery 
of new chemical compounds which could lead to new drugs. Antarctic environments have been particularly overlooked 
and the biosynthetic potential of soil microbial communities from the Antarctic Peninsula has not yet been a target of 
study using metagenomic approaches. Here we describe the diversity of biosynthetic gene clusters (BGC) along spatial 
and temporal gradients in Whalers Bay soil in Deception Island - Antarctic using sequence-based analyses. Illumina 
short-read sequences were assembled into contigs and a taxonomic profile was assessed through the state-of-the-art in 
metagenomic pipelines. Assembled data was mined for BGCs using the AntiSMASH tool, then all BGCs were clustered 
into gene cluster families (GCFs) using the BiG-SCAPE tool. A total of 3,990 BGCs were detected in metagenomic 
data along three years of soil sampling (summers 2014, 2015, and 2017), resulting in 2,739 GCFs after clustering. The 
family of Terpene was the most abundant GCF (727), followed by NRPS (497) and RiPPs (444). In addition, the PKS 
family, which includes PKS types I, II, and III, summed a total of 441 GCFs. GCFs’ spatial and temporal dynamics 
showed slight variation across samples regarding their relative abundances. Nonetheless, a high replacement rate was 
observed between sampling years to GCFs of PKS and NRPS. Our approach brought to light an unprecedented wealth 
of biosynthetic gene clusters and revealed their dynamics through spatial and temporal gradients and their distribution 
within taxonomic ranks. Besides, the results unraveled a high potential to recover and study novel secondary metabolite 
genes from soils of the Antarctic Peninsula for biotechnological applications. 
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Abstract: 
Treatment of advanced prostate cancer (PCa) remains a therapeutic challenge. The promising improvements provided 
by new immune-checkpoint blockade (ICB) therapies have shown only modest benefits in a minority of PCa patients. 
CDK12 defective-PCa is a recently described immune active class of advanced PCa with an elevated mutational burden, 
high inflammatory levels, and increased immune cell infiltrate. CDK12 has been proposed as a predictive biomarker 
of treatment response to ICB since partial response treatment has been found among CDK12 PCa patients treated with 
ICB. This study was designed to investigate potential molecular causes of alterations to immune response among patient 
tumors with defects of CDK12 in primary (TCGA-PRAD, n = 48) and metastatic (mCRPC-SU2C, n = 10) PCa. We 
hypothesize that the expression of the MHC-I and -II genes would differ in the CDK12 defective tumors, which would 
explain the lack of response in some patients treated with ICB. Using RNA-seq data, we were able to distinguish two 
groups of tumors with CDK12 defective tumors based on differential MHC expression. Tumors with increased MHC 
levels showed the activation of several pathways associated with the immune system and elevated PD-L1, IDO1, and 
TIM3 expression. There was also increased composition of CD8+ T cells, B cells, γδ T cells, and M1 Macrophages in 
tumors with elevated MHC levels. These data suggest that MHC expression and associated immune response pathways 
may provide new biomarkers for ICB therapeutic response in CDK12-defective PCa.
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Abstract: 
There is a continuous demand for new antimicrobial agents, especially with new mechanisms of action, since infectious 
diseases represent the second largest cause of death in the world and the levels of bacterial resistance are increasing. In 
this way, the rational design of antimicrobial peptides is presented as an alternative for the development of new drugs. 
Therefore, we seek to rationally design an antimicrobial peptide with potential therapeutic use bioinspired by Thauma-
tin-like protein (TLP) from Vigna unguiculata L. (Walp). In order to find new compounds with antimicrobial activity, 
sequences of TLPs obtained from the cowpea transcriptome were used as templates. The antimicrobial potential was 
predicted using CAMPr3 and DBAASP3.0 tools and toxicity using Toxipred. The rational design of the peptide (CpTLP-
IV) was carried out aiming to potentialize antimicrobial activity and minimize toxicity. Three-dimensional modeling 
was performed by threading. Molecular dynamics (DM) simulations were performed in order to verify the stability of 
the theoretical models designed. After in silico analyses, the theoretical model was synthesized by solid-phase chemical 
synthesis by NovoPro Bioscience Inc. (Shanghai, China). Bacterial strains (Pseudomonas aeruginosa, Klebsiella pneu-
monniae, Staphylococcus aureus and Acinetobacter baumannii) were used for antimicrobial assays by microdilution in 
broth at concentrations of 16, 32, 64, 128, 256, 512 and 1,024 μg/mL. The cytotoxic and genotoxic potential was carried 
out with the L929 cell line, through the MTT assay ([3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide]) 
and the micronucleus test (MN) , respectively. The in silico analyzes showed that the theoretical CpTLP-IV model has 
predicted antimicrobial activity of 64%, 98% and 76% in the Random Forest Classifier (RFC), Discriminant Analysis 
Classifier (DAC) and Support Vector Machine (SVM) algorithms, respectively, with potential activity for K. pneumonni-
ae, with no toxicity detected. There was formation of a secondary structure, an alpha helix and the distribution of surface 
cationic and anionic charges, showing to be similarly distributed. Regarding the simulation in DM, CpTLP-IV showed 
structural stability during the analysis. After in vitro tests, the peptide showed activity against S. aureus, K. pneumoniae 
and A. baumannii, with a minimum inhibitory concentration (MIC) of 512 μg/mL for all strains tested. Furthermore, 
the rationally designed peptide showed cytotoxicity only at concentrations above 512 μg/mL and did not cause DNA 
damage at any of the concentrations and cell lines tested. Finally, rational design represented a promising strategy for the 
development of new potential therapeutic antimicrobial agents. Its biotechnological potential is also highlighted, since it 
accelerated activity against bacterial strains present on the World Health Organization’s emergency list.
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Abstract: 
Emerging pathogenic and resistant microorganisms highlight the need for new drugs, and the search for adjuvant mole-
cules useful in treatments with traditional antibiotics. Thaumatin like proteins (TLPs) constitute a promising possibility 
for this purpose, being active in plant defense. Thus, the objective of the present work was to develop an antimicrobial 
peptide bioinspired in TLPs from Vigna unguiculata L. (Walp) with antimicrobial activity. Therefore, in order to eval-
uate in silico antimicrobial activity the CAMPr3 and DBAASP 3.0 was used, while Toxipred predicted the toxicity. The 
rational design was carried out with the objective of potentiating the activity and minimizing toxicity. Three-dimen-
sional models were generated by threading and the stability of the models was evaluated by molecular dynamics (DM) 
simulation. After in silico analyses, the best theoretical model was synthesized by solid-phase chemical synthesis by 
NovoPro Bioscience Inc. (Shanghai, China). Antimicrobial assays were performed against bacterial strains (Pseudo-
monas aeruginosa, Klebsiella pneumonniae, Staphylococcus aureus and Acinetobacter baumannii) by microdilution in 
broth at concentrations of 16, 32, 64, 128, 156, 512 and 1,024 μg/mL, as well as cytotoxic and genotoxic potential, with 
the L929 cell line, through the MTT assay ([3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide]) and the 
micronucleus test (MN). The antimicrobial potential of the theoretical model CpTLP-I with predicted activity against 
P. aeruginosa and K. pneumonniae presented 90%, 88% and 63% in the Random Forest Classifier (RFC), Discriminant 
Analysis Classifier (DAC) and Support Vector Machine (SVM) algorithms, respectively, as well as, there was no pre-
diction for toxicity. In addition, secondary structure presented two alpha helix and predominant surface cationic charge 
distribution. The cowpea CpTLP-I peptide was stable during simulations in DM, the three-dimensional structure after 
DM remained similar to the initial structure. The results of in vitro analyzes showed that the minimum inhibitory con-
centration (MIC) of the peptide CpTLP-I against P. aeruginosa and S. aureus was 256 μg/mL, for K. pneumoniae and 
A. baumannii 32 and 128 μg/mL, respectively. In the evaluation of cell viability, CpTLP-I showed cytotoxicity only at 
concentrations above 256 μg/mL. Therefore, changes in the primary structure of CpTLP-I, in addition to minimizing 
the toxicity of the peptide, favoring its antimicrobial capacity. Furthermore, this AMP did not cause damage to the DNA 
of the analyzed cells, in any of the concentrations tested, in relation to the negative control. Thus, CpTLP-I is a new 
peptide with potential antimicrobial activity against microorganisms that are on the priority list for the development of 
new drugs by the World Health Organization, therefore clinical tests are needed to verify its safety and efficacy for use 
by the pharmaceutical industry.
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Abstract: 
Neurodegenerative diseases (NDs) are characterized by a progressive neuronal loss leading to motor or cognitive im-
pairment. Several genetic and environmental factors contribute to the promotion of the development and progression of 
NDs. Recently, it has been suggested that nucleotide excision repair (NER) pathway plays a critical role in chronic neu-
rodegenerative disorders (ND), such as Alzheimer’s. Here, we used the nematode C. elegans to evaluated the deficiency 
of CSB-1, the key protein for the transcription-coupled repair NER (TC-NER) pathway, on the redox status and integrity 
of cholinergic neurons. All the assays were performed using RNA interference (RNAi) to knockdown csb-1 gene. The 
results were also compared to xpa-1(RNAi). The redox status was evaluated by quantifying endogenous reactive oxygen 
species (ROS) using the chemical reporter CM-H2DCFDA. CSB-1 and XPA-1 inhibition resulted in increased levels 
of ROS. Our results also suggest that ROS production is more intense in the animals lacking both CSB-1 compared 
to those deficient of XPA-1. In order to evaluate neuronal damage, we inactivated csb-1 and xpa-1 in a transgenic line 
that expresses GFP in all or in cholinergic neurons (unc-17::GFP). Neuronal deterioration was characterized by loss of 
fluorescent intensity in the nerve ring area. CSB-1 and XPA-1 knockdown did not reduce the fluorescence of cholin-
ergic-marked neurons neither at L4 stage or at 5-day-old worms. Taking together, our results suggests that CSB-1 and 
XPA-1 deficiency creates an oxidative stress environment but it is not associated to neurodegeneration of cholinergic 
neurons.
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Abstract: 
The increase in surface water contamination with plastic waste is proportional to the increase in consumption of products that use them as raw 
materials. However, the impact of these residues on aquatic biota remains limited, especially when it comes to nanoplastics (NPs). Thus, the 
aim of the present study is to test the hypothesis that exposure of Ctenopharyngodon idella juveniles to polystyrene nanoplastics (PS NPs) at 
low concentrations (0.04 ng/L, 34 ng/L and 34 μg/L), for 20 days, leads to DNA damage and has mutagenic and cytotoxic effects on your 
erythrocytes. Using 48 juvenile animals of the species C. idella (5.30 g ± 0.85 g; 4.22 cm ± 0.68 cm in total length) acquired in a commercial 
breeding facility (Goiânia, GO) and left for acclimatization to the laboratory environment under controlled light (12 h light/dark cycle), tem-
perature (25-26 °C) and humidity (±50%) conditions for 15 days. After the end of the acclimatization period, the animals were randomly as-
signed to four experimental groups (n = 21/each): (i) control group (C), composed of animals that had access to drinking water free of PS NPs; 
and exposure groups, whose animals were exposed to different concentrations of pollutants, namely: (ii) PS NP-I group (0.04 ng/L); (iii) PS 
NP-II group (34 ng/L) and (iv) PS NP-III group (34 μg/L). The pollutant concentrations defined in NP-PS-I and PS NP-II corresponded to 
extreme values ??of the concentration range (from 0.04 ng/L to 34 ng/L). The animals were exposed to PS NPs for 20 days, in aquariums 
(dimensions: 50 cm long, 40 cm wide, 42 cm high) filled with 60 L of naturally dechlorinated water (for at least 24 h) and continuously aerat-
ed with aid of air compressors. This period represents a long-term exposure to nanopollutants, and simulates the chronic exposure of animals 
caused by uninterrupted contamination. The water was completely renewed every two days and PS NPs were added to it at the concentrations 
indicated above (ie semi-static exposure system). Animals fed commercial fish feed in the form of small pellets (guarantee levels: 45% crude 
protein, 14% ether extract, 5% crude fiber, 14% mineral matter and 87% dry matter), twice a day (5% of body weight per day). For toxicity 
evaluation, genotoxicity biomarkers were used, in which the collected peripheral blood samples (10 μL) were diluted in fetal bovine serum in 
the proportion (v/v) 1:19. Using 15 μL of cell suspension diluted in 120 μL of low melting point agarose (0.5%) at 37ºC and subsequently 
submerged in lysis solution (Triton X-100, DMSO and stock lysis solution) for 24 h at 6 °C, protected from light. The slides were then sub-
jected to electrophoresis at 300 mA and 25 V (0.90 V/cm) for 25 min without light. Slides were stained with ethidium bromide (10 μg/mL) and 
covered with a coverslip for analysis. In total, 50 nucleoids were analyzed per slide, totaling 100 nucleoids per sample (n = 9 fish/group). 
Analysis was performed using the CaspLab software program to assess DNA damage. The following parameters were used to assess DNA 
damage caused by PS NPs: (i) tail length (TL), (ii) percentage of DNA in the tail (% DNA) and (iii) olive tail moment (OTM). The test used 
to assess mutagenicity was the micronucleus test, which also makes it possible to investigate other nuclear abnormalities, checking the muta-
genic potential of PS NPs in C. idella. Briefly, 10 μL of blood were collected from each animal by means of cardiac puncture to prepare blood 
smears on a previously sanitized slide (two slides per animal). The slides were then fixed in 100% (v/v) cold methanol (Dynamics®, São 
Paulo, Brazil) and stained with Panotic Rapid® (Laborclin®, Paraná, Brazil, code no. 620529). Erythrocytes were analyzed blindly and ran-
domly under an optical microscope (Nikon E100 LED, Minato, Tokyo, Japan) equipped with an immersion lens (100x magnification). Two 
thousand (2000) erythrocytes were counted per animal and only cells that did not overlap with intact cells and nuclear membrane were used 
in the evaluation. Each nuclear abnormality identified during slide assessment was recorded, including micronucleus formation. The criteria 
used to identify the MNs were: i) MN diameter varying between 1/16 and 1/3 of the average diameter of the main nuclei; ii) non-refractive 
MNs - they can be easily distinguished from artifacts such as coloring particles; iii) MNs not linked or linked to the main nuclei; iv) MN pos-
sibly touching, but not overlapping, the main nuclei - the micronuclear boundary must be distinguished from the nuclear boundary; v) MN with 
the same staining intensity as the main nuclei or, occasionally, more intense staining. For cytotoxicity evaluation, C. idella erythrocytes were 
submitted to morphometric evaluation in ImageJ 1.52av software, in order to evaluate the cytotoxicity induced by PS NPs. Briefly, five pho-
tomicrographs of random fields of view were taken for each slide prepared as described above, thus totaling 50 photomicrographs per experi-
mental group and 100 (one hundred) cells were measured in each field of analysis, thus totaling 5000 erythrocytes/group. The morphometric 
variables associated with size were perimeter (μm), cytoplasmic and nuclear area (in μm 2 ) and “nuclear”/”cytoplasmic” area ratio. Parame-
ters such as roundness, roundness, solidity and aspect ratio were evaluated to assess likely changes in cell shape; these parameters have been 
used as sensitive biomarkers of cytotoxicity. Residual normality and homoscedasticity of all data were initially verified by the Shapiro-Wilk 
and Levene tests, respectively. Parametric data were submitted to one-way ANOVA, followed by Tukey’s post-test; The Kruskal-Wallis test 
was used to compare the means of non-parametric data, followed by Dunn’s post-hoc test (both at the 5% probability level). Statistical analyzes 
and graphical plotting were performed using the GraphPad Prism software (version 7.0). Thus, our results show that in the comet assay it was 
possible to observe that the DNA damage (inferred from the greater tail length, percentage of DNA in the tail and olive tail moment) induced 
by PS NPs increased as the pollutant concentrations have increased. Regarding the mutagenic evaluation, although the present study did not 
show a concentration-dependent effect, all animals exposed to PS NPs recorded a higher frequency of micronuclei and other erythrocyte nu-
clear abnormalities, such as binucleated cells, erythrocytes with nuclear constriction (symmetrical and asymmetrical) , bubble-shaped, notched, 
kidney-shaped and displaced nuclei, as well as nuclear vacuole, among others. Regarding erythrocyte morphometry, there was a negative effect 
of treatments on the shape and size of erythrocytes and their nuclei. The animals in the PSNP-II and III groups showed changes in the circu-
larity, roundness and solidity of the nuclei and cytoplasm. These same groups had lower AR than the others. Regarding the size variables, there 
was a reduction in perimeter and cytoplasmic area, as well as a greater nuclear area/cytoplasm ratio induced by the exposure of animals to 
higher concentrations of PS NPs (34 ng/L and 34 μg/L). Thus, the present study confirmed the hypothesis that exposure of C. idellajuvenis to 
small concentrations of PS NPs (ie, environmentally relevant), in the short term, is capable of inducing DNA damage (suggested by the com-
et assay), mutagenic alterations (evidenced in the micronucleus test and other nuclear abnormalities) and cytotoxicity, as expressed by the al-
terations in the erythrocyte morphometry results presented by the evaluated experimental model. Although the lowest concentration tested 
(0.04 ng/L) was innocuous for some parameters evaluated, the present study contributed to improve knowledge about the toxicological poten-
tial of PS NPs in freshwater fish living in contaminated environments. Therefore, further studies are needed to help better understand the 
magnitude of impacts caused by these nanopollutants on freshwater ecosystems.
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Abstract: 
N-acetyl-D-galactosamine binding lectin (GalNAc) from Luetzelburgia auriculata seeds (named LAA), belonging to 
Fabaceae family, has attracted great attention due to its interesting biological activities, such as anti-inflammatory and 
antifungal effects. However, there are no reports on mechanisms involved in genotoxicity in vivo. This study evaluated 
the toxicity and genotoxicity (Comet assay) in vivo from LAA and structural requirements for this activity. Toxicity was 
evaluated by mortality rate and negative geotaxis, as well as by oxidative stress markers (mitochondrial viability (MTT), 
lipid peroxidation (TBARS), nitric oxide (NO), free iron (II) and protein and non-protein thiols), using D. melanogaster 
adults exposed to different concentrations of native LAA (4.4, 17.5 and 70 μg/mL) and the lactose-inhibited and de-
natured forms of LAA (both at 17.5 μg/mL concentration). 1.5 mL of each concentration was added to 15 g of culture 
medium, constituting the diet. Each treatment was performed in triplicate and containing 50 adult flies for 7 days. In 
genotoxicity, 3rd insta larvae of D. melanogaster were treated with different concentrations of native LAA (4.4, 17.5 
and 70 μg/mL). The test medium was formulated with 0.9 g of hydrated instant mashed potato with 3 mL of each test 
concentration. Each treatment was performed in triplicate, containing a pool of 60 larvae and analyzed a total of 300 
nucleoids in each treatment. In both tests the design was completely randomized. The results showed that native LAA 
did not affect survival or cause locomotor deficits in flies (p>0.05), nor did it change oxidative stress markers, except 
for NO levels, which were significantly reduced in a dose-dependent manner (p>0.05) and lipid oxidative damage (70 
μg/mL, p<0.05). In contrast, treatments with inhibited and denatured LAA did not affect any of the oxidative stress 
markers (p>0.05). In the Comet test, native LAA was genotoxic at all concentrations (p<0.05) in a dose-dependent 
manner, causing a DNA damage rate higher than 50% (70 μg/mL, p<0.001). As described in the literature, interactions 
between lectins and carbohydrates in the cell membrane are the main events that trigger their biological activities and 
this interaction is influenced by structural conformation, as evidenced in treatments with denatured and inhibited LAA. 
It can be postulated that although LAA does not affect the survival of flies, it induces a pro-oxidant response, by reduc-
ing NO levels and oxidative damage to lipids, resulting in the activation of mechanisms that cause DNA damage in this 
organism. Therefore, the development of oxidative stress may be responsible, at least in part, for the genotoxic effects 
of LAA. Thus, our results show unprecedented information on the effects of LAA on DNA that may help to understand 
its toxicity mechanisms in vivo.
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Abstract: 
Hydroxyapatite (HA) is the main mineral constituent of human bone tissues. Due to the excellent biocompatibility 
of this compound, it has been widely studied for application in several areas, mainly in bone regeneration processes. 
However, there are opposing opinions about the mutagenic potential of HA-based biomaterials, since their functional-
ization may present different physicochemical properties. This study aimed to evaluate the in vitro mutagenicity of HA 
microspheres synthesized at 37ºC, functionalized or not with calcium carbonate, zinc, and strontium (HA, CHA, SrHA, 
and ZnHA). The biomaterials were prepared and characterized by a group from the REGENERA-INCT network in 
Rio de Janeiro-RJ. A concentration of 100 mg/ml was used as recommended by ISO 10993-5. The cytokinesis-block-
ing micronucleus test (CBMN) and the bacterial reverse mutation test were performed following the guidelines of the 
Organization for Economic Co-operation and Development (OECD, 487) and (OECD, 471), respectively. The CBMN 
test was performed after 24 hours of exposure to the biomaterials in the Chinese hamster ovary cell line (CHO-K1) 
3000 binucleated cells were evaluated per treatment. The bacterial reverse mutation was performed using the strain 
of Salmonella typhimurium (TA98); both tests were performed in triplicate. The analysis of the CBMN test with the 
HA, CHA, SrHA, and ZnHA biomaterials showed that only the positive control (PC) (Mitomycin-C 1µg/ml) was sta-
tistically different from the negative control-CN (basal medium). Only the PC was capable of generating a significant 
increase in nuclear alterations such as micronucleus (MNi), nucleoplasmic bridges (NPBs), or nuclear buds (NBUDs), 
p-value<0.001. Therefore, it’s concluded that the biomaterials did not show mutagenic potential in any of the parame-
ters evaluated for CHO-k1. The results showed that the number of revertant colonies in strain TA98 for all biomaterials 
at 100% concentration was equal to the number of colonies per NC plate, being statistically much lower compared to 
the reverting colonies of PC (4-Nitroquinoline- N-oxide, 2.5µg/plate), p-value<0.001. Colonies were analyzed in the 
presence and absence of the metabolic activation system (S9). It can be inferred that the functionalized HA-based bio-
materials did not induce a mutagenic effect. The TA98 strain was used to identify frameshift mutations and base-pair 
substitutions. The results of both tests indicated that HA, CHA, SrHA, and ZnHA microsphere eluates with different 
physicochemical properties did not exhibit any mutagenic effects under the conditions under which they were tested. 
Therefore, the results present excellent data on the biosafety of these functionalized biomaterials. This study demon-
strated the importance of researching the mutagenic potential of functionalized HA-based materials intended to be used 
in medical devices, especially in the bone regeneration process, as they will be in contact with the human body for a 
long time. Biomaterials HA-based synthesized at a temperature of 37ºC with and without bioactive ions of calcium car-
bonate, zinc and strontium were evaluated; even with these different physicochemical characteristics, it was possible to 
observe that these tested biomaterials do not have mutagenic potential, being useful for medical devices and excellent 
to be used in the bone regeneration process.

Palavras-chave: Functionalized hydroxyapatite; Ames test; CBMN test; Mutagenicity; 

Support / Acknowledgment 
This work was carried out with financial support from the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) 
and Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) / Instituto Nacional de Ciência e Tecnologia em Me-
dicina Regenerativa (INCT-Regenera).

472

MUTAGÊNESE E
GENOTOXICIDADE



MUTAGENICITY, TRYPANOCIDAL ACTIVITY AND PHARMACOKINETIC PROFILE  
OF NOVEL 3-NITRO-1,2,4-TRIAZOLE BIPHENYL DERIVATIVES

Bárbara Verena Dias Galvão1; Cheyene Almeida Celestino Menozzi2; Policarpo Ademar Sales Junior3; Eduardo 
Keneddy Carrão Dantas4; Frederico Silva Castelo Branco5; Nubia Boechat5; Carlos Fernando Araujo-lima6,7; 
Israel Felzenszwalb6 
1Bolsista de Doutorado. Rio de Janeiro/RJ. Laboratório de Mutagênese Ambiental, Instituto de Biologia Roberto Alcantara 
Gomes, Universidade do Estado do Rio de Janeiro; 2Bolsista de Doutorado. Rio de Janeiro/RJ. Laboratório de Síntese de 
Fármacos, Instituto de Tecnologia em Fármacos, Fundação Oswaldo Cruz; 3Docente. Rio de Janeiro/RJ. Laboratório de 
Parasitologia Celular e Molecular, Centro de Pesquisas René Rachou, Fundação Oswaldo Cruz; 4Bolsista de Mestrado. Rio de 
Janeiro/RJ. Laboratório de Mutagênese Ambiental, Instituto de Biologia Roberto Alcantara Gomes, Universidade do Estado do 
Rio de Janeiro; 5Docente. Rio de Janeiro/RJ. Laboratório de Síntese de Fármacos, Instituto de Tecnologia em Fármacos, Fundação 
Oswaldo Cruz; 6Docente. Rio de Janeiro/RJ. Laboratório de Mutagênese Ambiental, Instituto de Biologia Roberto Alcantara 
Gomes, Universidade do Estado do Rio de Janeiro; 7Docente. Rio de Janeiro/RJ. Departamento de Genética e Biologia Molecular, 
Instituto Biomédico, Universidade Federal do Estado do Rio de Janeiro

Abstract: 
More than 110 years after the discovery of Chagas Disease (CD), caused by Trypanosoma cruzi, only two nitro-hetero-
cyclic derivatives, associated with partial efficacy and adverse effects, are available for the treatment of approximately 
8 million infected people, mainly in Latin America. The development of multiple-target molecules has shown excellent 
results in the search for more selective and safer drugs for CD. In this sense, novel derivatives containing biphenyl and 
3-nitro-1,2,4-triazole groups were designed to enhance the selectivity and anti-T. cruzi activity. However, considering 
the toxicity issues related to nitrocompounds, this study aimed to investigate the efficacy, safety, and pharmacokinetic 
profile of the derivative P12 and its synthesis intermediate P9, applying in silico and in vitro models. The compounds 
were designed to act as possible inhibitors of ergosterol biosynthesis and/or as substrates of the nitroreductase enzymes. 
The compounds were synthesized through a viable and low-cost synthetic route, containing two or three steps. To 
predict the pharmacokinetics and toxicity properties, in silico analyses were performed on the LAZAR, pkCSM and 
SwissADME platforms. Hepatotoxicity was determined by WST-1 and LDH assays, using HepG2 and F C3H lineages 
to compare the behavior of cancerous and healthy liver cells. The trypanocidal activity was evaluated in an intracellular 
model with amastigote and trypomastigote forms of T. cruzi Tulahuen strain, using L929 murine fibroblasts as mamma-
lian host cells. In parallel, host cell cytotoxicity was determined by the alamarBlue assay. Mutagenicity was assessed by 
the Ames Test in the absence (-S9) and presence (+S9) of metabolic activation, using strains TA98 and TA100. ADMET 
predictions indicate that in spite of presenting a good drug-likeness profile, the derivatives exhibited two Brenk’s struc-
tural alerts and may interact with CYP450 enzymes resulting in potential drug interactions. Toxicity predictions suggest 
that both compounds were probably mutagenic and hepatotoxic, although only P12 was a potential carcinogen in rats. 
Dose and time-dependent hepatotoxicity was observed for HepG2 cells, mostly associated with cell membrane damage. 
Without inducing toxicity to the host cell, P12 inhibited 89% of the parasitic activity (IC50 <0,00037 µM), presenting 
selectivity 4,500-fold higher than P9 and 3,000-fold higher than the reference drug (benznidazole). Confirming the 
predictions, P9 was mutagenic for TA98 -S9, and P12 was mutagenic for both strains +S9, at the highest concentrations 
tested (5-500 µM). Despite promising results regarding their trypanocidal activity and selectivity, the derivatives may 
induce DNA damage by frameshifts and base-pair substitutions. In summary, these data contribute to the understand-
ing of the effects of the addition of different substituents in modulating the genotoxicity and trypanocidal activity of 
nitrotriazole derivatives, revealing that the hydroxyl group present in P12 significantly increased its selectivity. Thus, 
P12 was selected for further evaluations on in vivo models of T. cruzi infection and may be used as a prototype in the 
development of more accessible and selective therapeutic alternatives for CD.

Palavras-chave: nitrotriazole; mutagenicity; Trypanosoma cruzi; Chagas disease; biphenyl

Support / Acknowledgment 
The authors thank CNPq, CAPES and FAPERJ for the financial support.

473

MUTAGÊNESE E
GENOTOXICIDADE



ANTI-TRYPANOSOMA CRUZI ACTIVITY, MUTAGENICITY  
AND HEPATOCYTOTOXICITY OF 3-NITROTRIAZOLE, 2-NITROIMIDAZOLE  

AND TRIAZOLE DERIVATIVES AND NITROREDUCTASE ENZYME EVALUATION
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Abstract: 
Chagas disease (CD), caused by Trypanosoma cruzi, remains the leading cause of death from parasitic diseases in the 
Americas. A century after its discovery, there is curative treatment only for its acute phase, associated with high fre-
quencies of adverse effects, pointing the urgent need for more selective therapeutic options. Thus, the present study 
aimed to evaluate the anti-T. cruzi efficacy and safety of 2-nitroimidazole, 1,2,4-triazole and 3-nitro-1,2,4-triazole de-
rivatives. The compounds were designed to act as possible inhibitors of ergosterol biosynthesis and/or as substrates of 
the nitroreductase enzymes. Six derivatives (5-10) were obtained through a simple synthetic route of two or three stages. 
The trypanocidal activity was screened by an intracellular model with amastigote and trypomastigote forms of T. cruzi 
Tulahuen strain, using L929 murine fibroblasts as mammalian host cells. In parallel, host cell cytotoxicity was deter-
mined by the alamarBlue assay. All derivatives showed anti-T. cruzi activity, except for derivative 7. Nitrotriazoles were 
significantly more potent than nitroimidazoles and triazoles, showing a significant increase in activity when they had 
their carbonyls reduced to hydroxyl groups. The most active derivatives were evaluated by kinetic assay with T. cruzi 
nitroreductase enzyme (TcNTR), confirming their potential for action via nitroreductase activation, being metabolized at 
higher rates than benznidazole (BZN), the reference drug against CD. Nitrotriazole 8 stood out as the most potent with 
an IC50 of 0.39 µM, low host cell cytotoxicity (CC50 > 400 µM), highest selectivity index (SI = 3077) and conversion 
rates. Pharmacokinetics and toxicity properties of derivative 8 and BZN were compared by in silico prediction on the 
pkCSM platform. Derivative 8 presented favorable properties, including high gastrointestinal absorption, low blood-
brain barrier permeability, and absence of interaction with P-glycoprotein and cytochrome P450 (CYP) isoforms. How-
ever, BZN and derivative 8 were predicted as potential hepatotoxic and mutagenic compounds. Finally, the most potent 
nitrotriazole and nitroimidazole (derivatives 8 and 9) and BZN proceeded to further toxicity assessment. Hepatotoxicity 
was determined by WST-1 and LDH assays, using HepG2 cells. Mutagenicity was assessed by the Ames Test in the ab-
sence and presence of metabolic activation, using strains TA98, TA100 and TA1535. Derivatives 8, 9 and BZN showed 
low hepatotoxic responses (CC50 > 500 µM) in both WST-1 and LDH assays, not inducing considerable reduction in cell 
viability neither by mitochondrial dysfunction nor by cell membrane damage. Ames test confirmed the in silico predic-
tions, showing that derivative 9 and BZN were mutagenic when tested in TA1535 and TA100, suggesting G:C to A:T 
pair substitution. Derivative 8 was not mutagenic, although inducing cytotoxic responses above 500 µg/plate on TA1535 
and TA98. In brief, the results obtained in this study clearly demonstrate the higher potency and lower toxicity of the de-
rivatives containing the 3-nitro-1,2,4-triazole heterocycle when compared to their corresponding 2-nitroimidazoles and 
1,2,4- triazoles. Studies on an animal model of T. cruzi infection may confirm the potential of derivative 8, which may 
also be a good prototype for future structural modifications in the search for a new chemotherapeutic agent against CD.
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Abstract: 
Atorvastatin (AVA) is a third-generation statin with several pleiotropic effects, considered the last of synthetic phar-
maceutical blockbusters. Recently, our group described the effects of AVA on DNA damage prevention and against 
Trypanosoma cruzi infection. In this study, our aim was to evaluate the efficacy, safety, and in silico pharmacokinetic 
profile of four hybrids of aminoquinolinnes with AVA 4a-d against T. cruzi using in vitro and in silico models. These 
synthetic compounds were designed by hybridization of the pentapyrrolic moiety of AVA with the aminoquinolinic unit 
of chloroquine or primaquine. Pharmacokinetic and toxicity (ADMET) parameters were predicted by pkCSM and LA-
ZAR in silico algorithms. The trypanocidal activity of AVA-quinoline hybrids were evaluated the in vitro against amas-
tigotes and trypomastigotes of T. cruzi, from Y (Tc II) and Tulahuen (Tc IV) strains. Cardiotoxicity was assessed using 
monolayer primary cultures of mouse embryonic cardiac cells and hepatotoxicity on monolayer and 3D-cultured HepG2 
cells. Genotoxicity was evaluated by the Ames test and micronucleus assay. Despite the good in silico ADMET profile, 
all of compounds were predicted to be hepatotoxic. All compounds presented high trypanocidal activity, against both 
trypomastigote and intracellular forms of T. cruzi, presenting EC50’s lower than 1 µM and also better selectivity than 
the reference drug, without evidence of cardiotoxicity. The compounds 4a and 4b presented time-dependent toxicity in 
HepG2 monolayer culture but did not exert toxic effects in 3D-cultured spheroids, opposing the in silico prediction. We 
can conclude that the AVA-aminoquinoline hybrids presented hit-to-lead profile as antiparasitic prototypes in synthetic 
pharmaceutical innovation platforms. 
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Abstract: 
Introduction: the semi-synthetic n-butyl ether dillapiole (EBD) has a potential effect on the control of Aedes aegypti, the 
vector of the dengue, Zika, chikungunya, and yellow fever virus. However, there are no studies on the risk of exposure to 
this compound to the health of humans and other animals. In this sense, the Comet Assay Test is used to detect genomic 
lesions that can result in mutations. Objective: evaluate the incidence of DNA damage in blood cells of isogenic mice 
treated with EBD. Methodology: fifth male Balb/C mice were used, five individuals per group. Multiple treatments were 
used for three consecutive days, introducing 0.1mL for every 10 grams of body weight, through gavage. The negative 
control group received filtered water (NC). In the solvent control group (CS) 5% dimethyl sulfoxide was administered. 
EBD concentrations of 40, 20, and 10 mg/kg were used. In the positive control group, methyl methanesulfonate (40 mg/
kg) (PC) was performed. Blood was collected at 4 and 24 hours after treatment using cardiac puncture. In the Comet 
Assay test, the analysis of 150 cells per animal occurred using the Tail Length parameter, the Comet Score 2.0 software, 
using the Kruskal Wallis test and the Fisher test, with a significance threshold of p<0.05. The analysis was performed 
using the Tail Length parameter, the Comet Score 2.0 software, the Kruskal Wallis test, and the Fisher test, with a sig-
nificance threshold of p<0.05, using the R software program, version 4.1.0. Results: both at 4 hours and 24 hours, all 
treatment groups showed a significant difference when compared to CP. Further, only the highest concentration (50 mg/
kg), in the time of 24 hours, showed a significant difference when compared to CN and CS. Final considerations: these 
results indicate that the two lower concentrations of EBD (10 and 20 mg/kg) presented a negative result to the induction 
of DNA strand breaks, in the studied tissue, even using multiple treatments.
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INTEGRATED USE OF BIOCHEMICAL AND GENOTOXIC BIOMARKERS  
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Abstract: 
The Amazon region has a high natural concentration of Aluminium (Al because of its geological formation. In addition, 
due to the acidic characteristic of its waters, the Al becomes bioavailable to the aquatic organisms that reside there, 
with fish being one of the most affected by the toxicity of this element. Thus, the objective of the present study was to 
evaluate the effects of different concentrations of Al in the Amazonian fish Hyphessobrycon heterorhabdus at the molec-
ular level, evaluating biomarkers of oxidative stress and genetic damage. For this, exposure (total antioxidant capacity, 
ACAP); reduced glutathione concentration, GSH); the activity of glutathione S-transferase, GST; glutamate-cysteine 
??ligase, GCL) and glutathione reductase (GR) enzymes) and effect (lipoperoxidation, LPO and genotoxic - comet 
assay, CA) biomarkers were analyzed. Astock solution of Aluminium Sulfate was used, which was diluted to reach the 
exposure concentrations. We divide the animals into five experimental groups: a control group at neutral pH [7.0]; a con-
trol group at acidic pH [5.0]; and three exposure groups in acidic pH with nominal concentrations of 0.5 (G0.5), 1 (G1) 
and 10 (G10) mg/L of Al, where the first is the mean concentration found in the Amazonian environment in the rainy 
season and the others were defined to verify possible effects. Each group consisted of 10 replicates with one animal per 
becker containing 200 mL of experimental medium, with constant aeration and with controlled photoperiod (14D:10L) 
and temperature (25° C). After 96 hours of exposure, blood samples were obtained from the animals for the genotoxic 
measurements. Then, the fish we euthanized by cryoanesthesia and stored at -80oC for biochemical analysis. Exposure 
to Aluminium did not cause changes in ACAP and GSH concentration, and no significant changes were observed in the 
GST and GR activities of the fish. There was a decrease in GCL activity in the groups exposed to 1 and 10 mg/L of Al, 
which indicates a change in the patterns of the antioxidant defense system (ADS). LPO was higher in the treatment with 
1 mg/L of Al than in the other treatments since, with the decrease in GCL activity, the ADS was committed and delete-
rious effects on cells began to appear. The CA showed greater DNA damage in erythrocytes from fish exposed to higher 
concentrations (G10). It is known that high concentrations of Al cause breaks in the genetic material of organisms and 
can have harmful effects such as deleterious mutations, threatening the homeostasis of individuals and the balance of 
aquatic communities. This was the first work that combined biochemical biomarkers with the comet assay to assess Al 
toxicity in an Amazonian fish. The results found herein help in understanding the effects of the combination of Al and 
low pH on native fish in regions, where the availability of this metal is high, combined with water bodies with acidic 
pH, such as the Amazon ecosystem.
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ENVIRONMENTAL MONITORING BY MICRONUCLEI ANALYSIS IN FISH  
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WATERSHED IN BRASÍLIA-DF

Eduarda dos Santos de Sousa1; Susana Suely Milhomem Paixão2 
1Bolsista. Rodovia DF 128 - Km 21 S/N Zona Rural - Planaltina, Brasília - DF. Instituto Federal de Brasília ; 2Docente. Rodovia 
DF 128 - Km 21 S/N Zona Rural - Planaltina, Brasília - DF. Instituto Federal de Brasília

Abstract: 
Bodies of water are continuously exposed to substances resulting from anthropic actions such as urbanization, indus-
trialization, and agricultural activities. These substances, known as genotoxic agents, are capable of causing alterations 
and anomalies at the cellular level, compromising the health of individuals. The study of environmental mutagenesis 
through the use of biological markers has been used to determine the causal ratio between contaminant exposure and 
ecosystem contamination. Therefore, this scientific work aimed to investigate the mutagenicity of fish species in the 
Corguinho stream, specifically on Instituto Federal de Brasília (IFB) - Campus Planaltina dams, belonging to the São 
Bartolomeu river basin, through micronucleus analysis (MN) and nuclear abnormalities tests (AN). These dams are part 
of the extension of the IFB’s Environmental Park. Two sites (Barragem do gado and Poção) are on the Instituto Federal 
de Brasília (IFB) - Campus Planaltina environmental reserve and the other site (Barragem Agroecologia) is located in 
an area very close to a residencial area and a CAESB (Environmental Sanitation Company of the Federal District) wa-
ter treatment plant, suffering environmental impact. The individuals were collected in two distinct periods, one during 
the rainy period and onther on the drought period. On the first, 13 specimens belonging to the Astyanax genus and 8 
belonging to the Oreochromis niloticus species were collected. On the second, only 8 Oreochromis niloticus specimens 
were obtained, totalizing 29 fish. We analyzed 2000 erythrocytes per animal. The micronuclei morphological and nucle-
ar morphological alterations were submitted to one way ANOVA test, followed by Tukey test at 5% significance level. 
Being Fr (MN)% and Fr (AN)% determined for the 3 localities studied, respectively, Barragem do Gado 0.03; 3.03, 
Poção 0.06, 3.03 and Agroecologia 0.02; 2.622. The tests do not express significant values of MN and AN that denote 
environmental impairment of the areas and damage to the health of the species. Thus, the results show the absence of 
pollution capable of inducing changes in the genetic material of the individuals studied here. This project is still at the 
beginning of its analysis and new studies are being developed in other regions of the São Bartolomeu River that are even 
more impacted and outside Instituto Federal de Brasília (IFB) - Campus Planaltina.
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HEPATOCYTOXICITY AND GENOTOXICITY 
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Abstract: 
The practice of physical activities has been growing, so does the usage of dietary supplements, especially those known 
as thermogenic supplements that improve its weight loss. This sector has been criticized due to controversies and lack 
of safety in the supplements. This study proposes investigating two pre-workout supplements regarding their in vitro 
mutagenicity, by using the Salmonella/microsome assay; genotoxicity, by using the CBMN assay; hepatocytoxicity, 
by using WST, LDH and alkaline phosphatase assays using HepG2 and FC3H cells; and in silico predictions for phar-
macokinetics and toxicity for the most abundant isolated substances in the supplements. Both tested supplements were 
able to induce mutagenicity in all the evaluated strains, especially when in the presence of exogenous metabolism. In 
addition, they showed significant result in the formation of micronuclei, nucleoplasmic bridges, nuclear buds, apoptosis, 
necrosis and cell cycle arrest. Beyond that, a dose-dependent and time-dependent curve were observed for hepatocy-
toxicity in both analyze cell lines. At last, the in silico predictions showed that the isolated compounds are not able to 
induce, individually, the observed outcomes. Thus, both tested supplements were able to induce mutagenic, genotoxic 
and hepatotoxic responses. This study provides subsidies for further studies to understand the toxicity mechanisms of 
these products and the substances that compose them.
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Abstract: 
Evidence has shown that Type 2 Diabetes (T2D) patients have two to five-fold risk of developing Alzheimer’s disease 
(AD) compared to those without T2D. However, the molecular and cellular mechanisms underlying the connection 
between diseases are still not well understood. We tested the hypothesis that in the long-term elevated glucose levels 
lead neurons to be more susceptible to oxidative stress and neurodegeneration, which in AD, is mainly caused by the 
presence of beta-amyloid oligomers (Aβ) and tau protein hyperphosphorylation. We aimed to assess the impact of high 
glucose levels (HG) in differentiated neurons from SH-SY5Y cells exposed to oxidative (H2O2) and neurotoxic dam-
age (okadaic acid - OA, which increases Aβ production and tau hyperphosphorylation and L-glutamic acid - Glut, that 
activates glutamatergic NMDA receptors). Firstly, SH-SY5Y cells were differentiated into mature neurons using 10µM 
of retinoic acid (RA) for eight days. Then, the cell viability was measured in differentiated neurons subjected to several 
hyperglycemic conditions to mimic T2D in vitro, using different glucose concentrations (25mM-100mM) evaluated 
at different time points (24, 48, 72, 96, and 120h). In addition, cell viability was measured for differentiated neurons 
exposed to different H2O2 concentrations (10-50µM) for 30 min to induce oxidative stress; to mimic neurotoxicity 
damage reported for AD, cells were in vitro exposed to OA 2.5-10nM and Glut 50mM for 24 h. Ultimately, the neurons 
were exposed to both HG and oxidative or neurotoxic damage to evaluate the effects of HG, regarding cell viability, 
DNA damage, and cell death. After eight days of treatment with RA (differentiation period), SH-SY5Y cells showed 
a significant increase in the average neurite length compared to the negative control, confirming that RA-treated cells 
show neurodifferentiation and neurite outgrowth. Neurodifferentiated cells showed a significant HG concentration- 
and time-dependent reduction in cell viability. The concentration of 100mM HG after 120h treatment was chosen as a 
chronic hyperglycemic condition. HG treatment significantly increased oxidative DNA damage compared to the nega-
tive control. Moreover, cells also showed a concentration-dependent reduction in cell viability when exposed to H2O2 
(with IC50 H2O2 50µM). The treatment with both HG and H2O2-induced (50µM) oxidative stress sensitized the neurons, 
further significantly reducing the viability as compared to treatment with HG (single treatment). Under the same con-
ditions of treatment (HG + H2O2 ), the neurons showed a significant increase in apoptotic and necrotic cells compared 
to the treatment with only HG, or H2O2, thus demonstrating that hyperglycemia increased neuronal death. Additionally, 
cells also showed a concentration-dependent response to OA treatment. Only the treatment with 10nM OA showed a 
significant reduction in cell viability when compared to the negative control. In contrast, when neurons were exposed to 
HG treatment and non-cytotoxic concentrations of OA (7.5nM) or Glut (50mM), we observed a significant reduction in 
cell viability, showing that hyperglycemia made the neurons more susceptible to neurotoxic damage. The present results 
indicate that HG potentiates oxidative and neurotoxic damage; this information supports the hypothesis that chronic HG 
might aggravate neurodegeneration, contributing to the development of AD later in life.
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Abstract: 
The yellow (Psidium cattleianum Sabine) and purple (P. myrtoides O. Berg.) araçás belong to the Myrtaceae family. 
They are native from Brazil, and have fleshy, sweet fruits, which are widely used in natura. However, there is little 
information about toxicological properties and possible antigenotoxic potential of their fruits. Thus, plant extracts must 
be evaluate regarding possible genotoxic risks. Among the genotoxicity tests, the cytokinesis-blocking micronucleus 
(CBMN) assay stands out as a standard method. Additionally, the CBMN can also be used in antigenotoxicity assays, to 
evaluate the protective effects of a particular food or extract. In this context, our work aimed to evaluate the genotoxicity 
and antigenotoxicity of P. cattleianum and P. myrtoides aqueous extract fruits, using CBMN test. One accession of each 
species with the highest antioxidant potential by previous studies of our group were evaluated by CBMN using L929 
murine fibroblast cell line. For the genotoxicity assay, 1x106 cells/vial were exposed to aqueous extract fruits of P. cat-
tleianum and P. myrtoides at concentrations of 3.12; 6.25 and 12.5 µg/mL, while, for the antigenotoxicity assay, 1x106 
cells/vial were exposed simultaneously to 4x10-4 M methyl methanesulfonate (MMS) and 12.5 mg/mL extract. The 
experiment was carried out in triplicate, corresponding to three vials. Each experimental unit comprised an average of 
three technical replicates of each vial, which consisted of 1000 binucleated cells/slide. The concentrations tested did not 
induce significant nuclear changes (micronucleus, nuclear buds, and bridges) when compared to the negative control, 
indicating an absence of genotoxic effect. In the antigenotoxicity assay, the analyzed concentration of P. cattleianum 
(accession 1.32) was statistical similar for both negative and positive control, but the extract reduced half of damage 
caused by methyl methanesulfonate (MMS), which has relevant antigenotoxic potential. On the other hand, P. myrtoides 
(accession 1.5) showed a statistical difference when compared to the positive control, for both micronucleus and nuclear 
bud alterations, showing about 1/5 MMS damage reduction by P. myrtoides extract, indicating a great antigenotoxic 
potential. In this way, the fruits of both araçás, mainly P. myrtoides, have great potential to prevent DNA damage, and 
their consumption can be indicated as part of a balanced diet for health maintenance.
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Abstract: 
Poly (ADP-ribose)-polymerase 1 (PARP-1) is an enzyme with multiple cellular functions, predominantly activated by 
DNA damage. Overexpression of PARP-1 has been associated with neurodegenerative disorders, such as Alzheimer dis-
ease (AD), and the role of oxidative stress has been investigated regarding its association with the extensive PARP-1 ac-
tivation that may cause an energy crisis, and ultimately cell death. Therefore, PARP-1 inhibition might represent a new 
possibility of therapeutic intervention to AD. In this study, we tested the hypothesis that PARP-1 inhibition would pro-
tect neuronal cells against oxidative damage. Our goal was to characterize the effects of PARP-1 inhibition by NU1025 
against in vitro induced-damage by hydrogen peroxide (H2O2). Neuroblastoma SH-SY5Y cells (undifferentiated and 
differentiated) and neural progenitor cells (NPC5461) were used as human model systems. All cells were treated with 
NU1025 (20min) and H2O2 (4h), alone or in combination, and analyzed after 24 h. Our results showed that the inhibition 
of PARP-1 associated with oxidative damage caused a significant reduction in cell viability (over 40% in all cellular 
models), which was not observed in single drug-treatments with H2O2, or NU1025. In undifferentiated and differentiated 
SH-SY5Y cells, none of the treatments caused alterations in cell cycle progression; however, we observed that in un-
differentiated cells, H2O2 promoted an increase in Sub-G1 fraction (~27%), which was enhanced when combined with 
PARP-1 inhibition (~40%); in differentiated cells, a Sub-G1 increase was only observed in the combined treatment, 
H2O2 plus NU1025 (~30%). Regarding cell death analysis, we observed an increase in necrotic cells after H2O2 treatment 
(~17%), potentiated by the combination with NU1025 (~40%); however, these effects were only observed in undifferen-
tiated SH-SY5Y cells. In addition, in the experiments with undifferentiated cells, isolated treatment with H2O2 increased 
oxidative DNA damage (~6%) and superoxide radical (O2?-) levels (~20%) while the combined treatment significantly 
enhanced this effects, aggravating oxidative DNA damage (~16%) and mitochondrial O2?- levels (~40%); on the other 
hand, a significant reduction in mitochondrial membrane potential (Δψm) (~35%) was promoted by H2O2 treatment, 
but a less prominent effect was observed when combined with NU1025 (~29%); alterations in mitochondrial mass were 
not observed in none of the treatments. Protein expression of SOD-1 was increased when undifferentiated cells were 
treated with H2O2 (2.5-fold increase); however, the combination (NU1025 + H2O2) caused an intriguing reduction of 
SOD-1 expression (~80%). As a whole, our results indicate that the reduction in cell viability, in response to PARP-1 
inhibition and oxidative damage induction, possibly occurred as a result of intracellular O2?- increase promoted by 
the low SOD1 activity, which generated DNA damage and, consequently, cell death. Thus, although neuron-like cells 
seemed to be slightly more resistant than undifferentiated SH-SY5Y cells, the inhibition of PARP-1 seemed to promote 
a strengthening of oxidative damage in both undifferentiated and differentiated SH-SY5Y cells, and NPC5461. These 
results highlight the crucial role of PARP-1 in DNA repair and antioxidant defence mechanisms, and the inhibition of 
PARP-1 does not seem to represent a suitable therapeutic target for patients with AD.
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Abstract: 
Throughout mankind’s development the medicinal use of plants has evolved as an observational and empirical matter. 
Since evidence-based medicine has become the platform to access health the investigation of the effectiveness and 
safety in the popular use of these natural treatments has become essential in order to verify its axis by reliable scientific 
standards. Kalanchoe species are succulents, popularly known as mother-of-thousands, found in tropical and subtropical 
regions, commonly cultivated as household and garden plants, and are used as traditional medicines to treat inflamma-
tion, allergies, and different skin disorders. Kalanchoe extracts are also a popular internal remedy for stomach ulcers, 
asthma, infections, tumors, and blood sugar regulation. Although there are many uses and some phytochemical compo-
sition pointed as key to its effects, the genotoxic potential of Kalanchoe extracts had never been appropriately tested. 
In this study we accessed some toxicological aspects through genotoxic evaluation of two Kalanchoe daigremontiana 
aqueous extracts (under cold [Kd1] or warm [Kd2] extraction) using Salmonella/microsome assay and eukaryotic liver 
tissue-specific cell viability models comparing tumor (HepG2) and non-tumor (FC3 H) cells using WST-1 and LDH 
assays, after 24, 48 and 72 hours. On bacterial reverse mutation assay, none of the extracts induced a significant increase 
on revertant colonies in any of the Salmonella strains, in the absence and presence of metabolic activation; Antimuta-
genicity assays showed that KD1 is capable of prevent the genotoxic effects of a well known mutagen (4NQO) over 
TA98 in significant dose-responses results. After the exposure of K. daigremontiana extracts, it was possible to observe 
time- and dose-dependent reduction of survival rates of HepG2 cells on WST-1 assay, and not on LDH assay, mainly 
after 72h of exposure. Both extracts were non-cytotoxic to FC3 H cell lineage. Kd2 extract was more effective in induce 
HepG2 cells death than Kd1 and, in comparison with non-tumoral cells, Kd2 presented a selectivity index >97. Our da-
tum suggests that even though K. daigremontiana extracts induced TA102 mutagenicity, both Kd1 and Kd2 were able to 
reduce hepatocellular carcinoma cell viability without affect non-tumor cells, representing promising chemotherapeutic 
agents against liver cancer.
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Abstract: 
Doxorubicin (DOX) is a commonly used antineoplastic agent due to its efficacy in treating a wide range of human can-
cers. However, several studies have demonstrated its dose-dependent and cumulative toxicity, which can be reduced by 
the mitochondrial isoform aldehyde dehydrogenase 2 (ALDH2). At toxic conditions ALDH2 is dephosphorylated and 
inhibited, which contributes to oxidative stress, mitochondrial impairment and apoptosis. This scenario can be changed 
by Alda-1 interaction with ALDH2, allowing the enzyme to remain in a state suitable for substrate catalysis. Given the 
widespread use of DOX and the absence of effective treatments this study aimed to investigate the protective potential 
of Alda-1 on cell viability, oxidative stress and mitochondrial structure using the trypan blue exclusion method, flow 
cytometry and transmission electron microscopy (TEM) respectively. The H9c2 cell line and the A9 mouse fibroblast 
cell line, as well as its derivative cybrid 3A6, were used. The data show that DOX treatment (0.2 M) causes a signifi-
cant (p<0.05) decrease in cell viability and an increase in mitochondrial morphology alterations in A9 and 3A6 cells, 
such as disruption of cristae architecture. After 24 hours of DOX exposure, Alda-1 (20 M) treatment was able to reduce 
oxidative stress induced by DOX in H9c2 cardiomyoblast cell lines. In conclusion, these findings point to Alda-1 as an 
effective molecule with the potential to reduce toxicity following DOX treatment.
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EVALUATION OF THE ANTIOXIDANT AND HYPOLIPIDEMIC ACTIVITY  
OF FOUR DIFFERENT ORANGE CULTIVARS IN THE  
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Abstract: 
The prevalence of obesity has increased in many countries in recent decades and has become a serious public health 
problem, resulting in a huge economic burden for society. Ingestion of foods rich in nutraceutical components and an-
tioxidant phytochemicals has emerged as an alternative approach for the treatment of obesity. Orange (Citrus sinensis) 
has a composition rich in phytochemicals with hypolipidemic properties such as flavonoids, carotenoids and anthocya-
nins, but these components vary depending on the cultivar. Thus, the objective of the present study is to characterize the 
antioxidant and hypolipidemic effect activity of different orange cultivars (Pêra Rio, Moro, Bahia and Cara Cara) and 
their possible mechanisms of action using the model organism Caenorhabditis elegans. These oranges were chosen due 
to the different phytochemical composition being that Bahia and Cara cara are rich in carotenoids, Pera stands out for its 
flavonoids content and Moro has a high concentration of anthocyanins. The worms were cultivated for 48 hours with 2% 
POJ added on NGM (Nematode Growth Medium) and seed with Escherichia coli OP50. The redox status was evaluated 
by quantifying endogenous reactive oxygen species (ROS) using g the chemical reporter CM-H2DCFDA. ROS levels 
were reduced in the animals treated with either Bahia and Cara cara POJ. C. elegans transgenic strains expressing green 
fluorescent protein (GFP) reporter fused with the promoter of three antioxidant genes (gcs-1, gst-4 and sod-3) were used 
to evaluate the effect POJ treatment on gene expression. POJ treatment also upregulated the expression of antioxidant 
genes. Remarkably, ROS reduction and gene expression activation were significantly increased in the animals treated 
with Cara Cara orange juice compared to animals treated with Bahia orange juice. The evaluation of the POJ treatment 
on lipid metabolism was performed by labeling the lipids with the vital dyes Oil Red O. Our results so far indicate that 
POJ treatment does not have any effect on fat accumulation in C. elegans. These results suggest that all orange cultivars 
tested presents antioxidant property but Cara cara wich is rich in carotenoids induced a stronger response against oxi-
dative stress.
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Abstract: 
Plants produces different biomolecules that have been used in folk medicine by its biological activities. Coccoloba alni-
folia is a plant from Atlantic Forest that has been not so evaluated its biological and pharmacological activities. Then, the 
aim of this work was to analyze the potential immunomodulatory from the ethanolic extract (EE) and aqueous extracts 
(AE) obtained from leaves. In order to do this, it was analyzed the cytotoxicity from these two extracts by MTT reduc-
tion assay. After that, it was analyzed the intracellular ROS production, the level from nitric oxide, phagocytic activity, 
cytokine dosage, gene expression by qRT-PCR and in vitro cell migration assay. The RAW264.7 cell line was treated by 
24 h with EE and AE in different extract concentration (100, 250 and 500 μg/mL). The MTT assay showed that these 
extracts were not cytotoxicity. The ROS assay showed that EE was able to reduce intracellular ROS levels and when it 
was measured the nitric oxide level after the cell lines treatments, then it was observed that both EE and AE were able 
to promote the reduction of NO production in RAW 264.7 treated with LPS and plant extracts. When it was compared 
the reduction activity from the two extracts, then it was observed that EE was more effective than AE. Furthermore, 
EE and AE extracts had a phagocytic activity. The other aspect analyzed were the cytokine levels for the RAW 264.7 
cell lines treat with LPS and after with EE and AE extracts. It was observed that EE stimulated the production of the 
three cytokines: IL-17A, Il-6 and TNF. Moreover, qRT-PCR data showed that the EE and AE were able to upregulate 
the COX-2 mRNA, on the other hand, it was observed a repression for IL-10 and iNOS. In addition, the cell migration 
assay showed a significant increase in the cell migration percentage to close a lesion after 16 h of treatment with the AE 
extract. And for 24 h of treatment it was observed that both EE and AE extracts had a 60% of lesion recovery. The data 
presented here showed that the EE and AE extracts obtained from C. alnifolia have a potential in the ROS reduction and 
in vitro immunomodulatory activities.
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Abstract: 
Waste anesthetic gases (WAG) stand out for their potential damage to genetic material on professionals who work in 
operating rooms (OR). In the literature, controversial findings associating occupational exposure to WAG and genetic 
instability can be due to methodological differences, such as exposure time, presence or absence of scavenging systems 
in OR and WAG concentration levels. Thus, this study aimed to evaluate two important genetic endpoints in oral cells 
considering the mentioned variables in professionals who worked in OR lacking adequate scavenging and ventilation 
systems, mainly exposed to the halogenated anesthetics isoflurane and sevoflurane in addition to nitrous oxide gas. Af-
ter the Research Ethics Committee approval, 100 OR professionals (exposed group) and 93 volunteers (control group) 
were recruited. All participants signed the Informed Consent Form and answered a detailed questionnaire. Samples of 
exfoliated oral cells were obtained from all participants for assessment of the buccal micronucleus (MN) and nuclear 
bud (NBUD). A real-time infrared spectrophotometer was used to determine the concentrations of all WAGs and values 
above the international recommended thresholds were observed, highlighting high level of anesthetic pollution in the 
workplace. Demographic data did not differ between groups (p>0.05). The exposed group showed higher frequencies of 
both biomarkers of genetic instability (MN and NBUD) than the control group. The cutoff used for exposure time was 
determined using values close to the mean: 30 h/week and nine years. Professionals with greater weekly WAG expo-
sure (> 30 h/week, n=51) exhibited increased formation of MN in relation to individuals with shorter weekly exposure 
(n=49) (p=0.04), but no difference was observed in relation to NBUD (p=0.12). There were no significant differences 
between professionals with more than nine years of WAG exposure (n=27) and shorter years of exposure (n=73) for 
genetic instability (p>0.05). This is the first study to report an association between weekly hours and genetic instability 
in buccal cells of professionals exposed to high levels of WAG. These findings suggest that weekly workload is more 
relevant than years of exposure for evaluation of biomarker of effect due to the fact that high weekly workload rep-
resents the effective exposure to WAG. Additionally, minimizing anesthetic pollution is necessary to reduce impacts in 
the healthcare professionals.
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Abstract: 
Bone tissue can self-regenerate; however, traumas and disease can result in bone defects that prevent this ability. The 
current gold standard treatment for bone mass loss is autografts, which have limitations such as postoperative compli-
cations. Therefore, the need for new alternatives emerges, among which the use of biomaterials stands out. Hydroxyap-
atite is one of the biomaterials most studied, presenting great potential for bone regeneration applications. Its structure 
allows chemical alterations, and the incorporation of other minerals and ions appears as an alternative to improve its 
performance and biocompatibility. The incorporation of fluorine - reported to accelerate bone formation -, and zinc - 
essential for bone formation and mineralization - are well-studied examples of hydroxyapatite substitution. Considering 
the benefits of incorporating fluoride or zinc into hydroxyapatite-based materials, it is mandatory to study their cytotoxic 
and genotoxic potential to ensure the safety of these biomaterials in future clinical applications. Therefore, this study 
aims to evaluate the effect of microspheres based on nanostructured hydroxyapatite containing fluorine (nHAF) or zinc 
(nHAZn) on cell viability and genomic stability, through the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide) and the CBMN (cytokinesis-block micronucleus) tests , respectively. For both tests, the Chinese hamster 
ovary cells (CHO-K1) were treated, for 24 h, with sample extracts prepared as recommended by ISO 10993-5, with 
concentration of 100 mg/mL. In MTT, after 24 hours of exposure, the samples were removed, MTT was added and 
allowed to react for 4 hours and after that, the formed crystals were diluted in DMSO and the absorbance was read in 
a spectrophotometer at 570nm. Unexposed cells and cells treated with mitomycin c were used as a negative and posi-
tive control, respectively, in the CBMN test. Experiments were performed in triplicate and 3000 binucleated cells per 
treatment were counted in the CBMN test to evaluate the occurrence of micronuclei, nucleoplasmic bridges and nuclear 
buds. Results showed that the nHAF and nHAZn materials did not significantly decrease cell viability, under the tested 
conditions, when compared to the negative control. In addition, no significant nuclear alterations were observed in the 
exposed cells, indicating that nHAF and nHAZn microspheres did not induce genotoxicity in vitro. In conclusion, the 
results indicate that these biomaterials may be safe for future applications in treatments of bone mass loss.
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Abstract: 
Alzheimer’s disease (AD) is a progressive and complex neurodegenerative disease. Acetylcholinesterase inhibitors 
(AChEI) are a major class of drugs used in AD therapy, but only provide modest improvements in cognition, function, 
and behavior. Rho-associated coil-containing protein kinases 2 (ROCK2) has been associated with the modulation 
of neurite outgrowth and neuronal protection against cell death via PI3K/AKT activation. The aim of this study is to 
characterize the therapeutic potential properties of TA8Amino regarding AChE and ROCK2 inhibition, and analyze the 
consequences in terms of neurodifferentiation and neuritogenesis in SH-SY5Y cells. Cells were neurodifferentiated for 
seven days using retinoic acid (AR-10 µM). Neurodifferentiation was confirmed by morphological analysis and immu-
nofluorescence of neuronal markers: NeuN, MAP2 and β-3-tubulin. Differentiated cells, neuritogenesis and β-3-tubulin 
protein expression were increased after AR treatment. We carried out cytotoxicity assays in cells treated with TA8Ami-
no (0.1, 1.5 µM), donepezil and tacrine (10 µM), in both undifferentiated and RA-differentiated SH-SY5Y cells. Only 
the highest concentration of TA8Amino (10 µM) showed cytotoxicity. TA8Amino was able to significantly inhibit the 
AChE activity in a dose-response manner (61.73% for 5 µM and 46.9% for 10 µM). In silico analyzes were performed 
to evaluate the interaction of TA8Amino with ROCK2. Originally, the missing amino acids in the ROCK2 protein struc-
ture in the Protein Data Bank with ID 6ED6 (A chain) were completed by molecular homology modeling. By molecular 
docking of TA8amino in ROCK2 structure, it was possible to obtain the complex ROCK2/TA8amino (TA8/R2), with 
TA8amino inserted into the active site, as already described in the literature. The TA8/R2 complex was subjected to 
molecular dynamics simulation performed in triplicate of 100ns, and the results showed that the TA8Amino compound 
was stable at the target site. Then, it was proven that TA8Amino was able to reduce the expression of ROCK2 protein by 
30% after seven days of treatment in SH-SY5Y cells; these cells also showed changes in neuronal morphological char-
acteristics. Quantification of neuronal differentiation showed that TA8Amino and donepezil increased the percentage of 
differentiated cells and the neurite length compared to the negative control. Neuronal differentiation was confirmed by 
the increase of β-3-tubulin and MAP2 immunofluorescence and/or protein expression. AChEI treatment did not change 
the cell cycle kinetics or cell death, following seven days of treatment. Protein expression assays were carried out for 
key proteins with role in the PTEN/AKT pathway, and the results showed a significant increase in phosphorylated PTEN 
(inactive form), and also a tendency of increased phosphorylated AKT (active form) in TA8Amino-treated cells. Total 
PTEN, total AKT, GSK3β and SOD2 did not show any expression change after treatment with AChEI. These results 
provide important information on the characterization of the biological properties of TA8Amino, regarding multi-target 
activities; the compound not only promote an increase in cholinergic activity (by means of AChE inhibition), but also 
inhibit ROCK2, thus modulating the PI3K/AKT pathway, ultimately leading to neurogenesis. As a whole, it is plausible 
that the hybrid donepezil-tacrine (TA8Amino) compound may be considered a potential therapeutic candidate for AD 
treatment.
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Abstract: 
Antimicrobial Peptides (AMPs) are broad-spectrum antimicrobial agents that modulate the innate immune system of 
different life forms. In plants, P-AMPs (Plant Antimicrobial Peptides) play a key role in defense response against differ-
ent plant pathogens. Based on their structural and functional diversity, they are classified into distinct families, such as 
alpha-hairpinin peptides, which have shown antifungal and antibacterial activity. In this context, considering the poten-
tial of P-AMPs for the development of novel therapeutics agents, the present work aimed to evaluate the antimicrobial 
and cytogenotoxic potential of one alpha-hairpinin P-AMP, which was identified in transcriptome of Cenostigma pyra-
midale (Tul.) E. Gagnon & G.P. Lewis (catingueira), modified and synthetized by our research group. The antimicrobial 
activity of the P-AMP was investigated against Staphylococcus aureus (ATCC 25923) (Gram positive), Klebisiella 
pneumoniae (ATCC 13883) e Acinetobacter baumannii (ATCC 19606) (Gram negative) strains, by determination of 
Minimum Inhibitory Concentrations (MIC’s), at seven concentrations (16; 32; 64; 128; 256; 512, and 1024 µg/mL), after 
24 h at 37 ºC. The P-AMP’s cytotoxicity (at 16; 32; 64; 128; 256; 512, and 1024 µg/mL) and genotoxicity (at 256; 512, 
and 1024 µg/mL) were evaluated by MTT method and CBMN assay, respectively, both using monkey kidney-derived 
Vero cell line (ATCC CRL-1586) cultivated into 96-well plates (1x104 cells/well; MTT test) or 24-well plates (1x105 
cell/well; CBMN assay), containing DMEM Medium with fetal bovine serum and antibiotic/antimycotic at 37ºC and 
5% CO2. For MTT test, the DMEM Medium and 1% Triton X-100 were used as negative and positive controls, where-
as for CBMN assay, the negative and positive controls were DMEM Medium and MMS (4 x 10-2 M). Alpha-hairpinin 
P-AMP of C. pyramidale showed bacteriostatic activity against the strains of S. aureus, K. pneumoniae e A. baumannii 
with MIC’s of 256, 1,024 and 256 µg/mL, respectively. For all concentrations of P-AMP, the viability of Vero cells was 
above 80%, indicating absence of cytotoxicity. Regarding genotoxicity, only 1,024 µg/mL revealed a genotoxic effect, 
observing micronucleus (18.56) and nuclear bud (10.33) mean numbers, when compared to the negative control means 
(1.89 micronuclei and 3.89 nuclear buds). In short, the absence of cytogenotoxicity for concentrations 256 and 512 µg/
mL, associated with the bacteriostatic activity against S. aureus and A. baumannii strains, suggests a promising potential 
for this P-AMP in the development of new antibiotics based-peptides, acting as new therapeutic agent. 
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A NOVEL ACETYLCHOLINESTERASE INHIBITOR (DONEPEZIL-TACRINE HYBRID 
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Abstract: 
Alzheimer’s disease (AD) is a neurodegenerative disease that affects more than 50 million people worldwide, and there 
is no effective treatment for this disease. The main class of compounds used for AD therapy is the acetylcholinesterase 
inhibitors (AChEIs), but these compounds present limited efficacy and side effects. In this context, the hypothesis of 
this study is that new hybrid compounds synthetized from donepezil and tacrine, two already established AChEIs, will 
improve neuronal viability, induce neurodifferentiation, and cause neuroprotection against oxidative damage. Our aim 
is to analyse the effects of the new donepezil-tacrine hybrid compounds (TA8Amino and TAHB3) on cell viability 
and cell cycle kinetics, using mature neurons that were differentiated from PC12 cells, in addition to the evaluation of 
neuroprotective effects of these compounds in response to hydrogen peroxide induced-oxidative damage, and also the 
induction of neurodifferentiation. The neuroprotective potential of AChEIs was evaluated in mature neurons (obtained 
after differentiation from PC12 cells along seven days, using NGF - 50 ng/ml). Cells were pre-treated with the com-
pounds (5 µM TAHB3; 5 µM TA8Amino; 10 µM donepezil; 10 µM tacrine) for 48h and then treated with H2O2 (150 
µM) for 2h; following 24 h, we performed analyses of cell viability (XTT assay), cell cycle kinetics and cell death (flow 
cytometry). The hybrid compounds did not show cytotoxic effects in differentiated cells, and did not change the normal 
cell cycle progression, without induction of cell death. Regarding the neuroprotection assay, only TAHB3 showed a 
significant neuroprotective effect against H2O2 induced-oxidative damage, since cells pre-treated with TAHB3 presented 
82% viability compared to those treated with H2O2 (58%); TA8Amino, donepezil and tacrine (tested each one alone) 
did not show a significant increase in cell viability, compared to H2O2 alone. The capability of the hybrid compounds to 
induce neurodifferentiation was evaluated by treating cells with AChEI compounds for seven days, and morphological 
and quantitative analyses were performed. TAHB3 induced a significant increase in the number of differentiated cells 
(54,3%), compared to 12,3% observed in undifferentiated cells. Regarding the evaluation of neurite outgrowth, TAHB3 
increased the neurite length, from 3.6 to 36.7 µm (average values), while TA8Amino did not exhibit a significant alter-
ation in cell morphology, compared to undifferentiated PC12 cells. In conclusion, the novel donepezil-tacrine hybrid 
TAHB3 was not toxic to neurons, and was able to induce neuroprotection against oxidative damage; besides, it also pro-
motes neurodifferentiation in PC12 cells. Additional experiments are under way to confirm those effects and to search 
for information on the mechanisms underlying the TAHB3 effects.
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Abstract: 
Natural ionizing radiation is a physical agent to which all living beings are exposed and is still the main source of annual 
exposure for humans. Uranium-238 is a terrestrial radionuclide emitting ionizing radiation throughout a decay chain, 
which originates radon-222 (Rn). When inhaled, Rn continues to decay and to release alpha and beta particles inside the 
pulmonary alveoli, which can damage DNA by causing mutations and genome instability and consequently increasing 
the probability to develop lung cancer. Direct damage in DNA structure as well as epigenetic alterations may occur 
during tumor development, which changes gene expression and contributes to cellular transformation. Changes in DNA 
methylation metabolism can be influenced by environmental factors. However, little is known about the effects of natu-
ral ionizing radiation in this epigenetic process in humans, especially the alpha particles emitted by Rn and its byprod-
ucts. Therefore, the main objective of this study is to investigate whether the radioactive gas radon-222 (Rn) can change 
LINE-1 methylation pattern, considered a biomarker of global genome methylation. Individuals living in dwellings with 
high (HBRA group, N = 122) and low (NBRA group, N = 58) levels of indoor Rn were recruited for blood collection and 
interviewed with a questionnaire. DNA extraction and calculation of the percentage of methylated cytosines in LINE-1 
promoters were performed from the blood samples, and lead was also quantified. A statistically significant difference 
was observed in the mean LINE-1 methylation between the HBRA (50.23% ± 3.44) and NBRA (51.87% ± 2.96) groups 
(p-value < 0.01). Methylation levels were directly correlated with indoor Rn levels (Pearson coefficient = 0.227, p-val-
ue < 0.05). In addition, females showed hypomethylation compared to males (50.994% ± 3.342 and 51.978% ± 2.871, 
respectively, p-value < 0.05). On the other hand, a lack of correlation was obtained between LINE-1 methylation and 
other variables representing occupational, environmental and lifestyle exposures. It was then observed from a gener-
alized regression model that in addition to the indoor Rn and the participant’s gender, blood lead concentrations were 
inversely associated with LINE-1 methylation (p-value < 0.05). It can be concluded that the analyzed epigenetic marker 
was partly but significantly influenced by indoor Rn of the recruited population, even having analyzed the biomarker in 
blood cells, which were not directly affected by the ionizing radiation from Rn gas and its decay byproduct.
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Abstract: 
Bauhinia cheilantha (Bong.) Steud. (Leguminosae; Pata-de-vaca) is widely used by traditional communities due to its 
anti-inflammatory, anti diabetic, sedative and anti parasitic properties. This empirical use has encouraged scientific 
studies aimed at determining the therapeutic potential, efficiency and safety of use of this species, mainly involving 
parts of plants exploited for medicinal purposes, such as stem bark. Then, the present work aimed to evaluate the toxic 
and cytotoxic potential of different concentrations of aqueous stem bark extract of B. cheilantha by Allium cepa L. 
bioassay, associating with its phytochemical profile. Seeds of onion cv. “Vale Ouro IPA-11” were germinated in Petri 
dishes (50 seeds/dish; three dishes/treatment), being exposed to the different concentrations of the plant extract (0.4, 
0.8, and 1.6 mg/mL), ultra pure water (Negative Control; NC), as well as MMS (Methyl MethaneSulfonate; 4x10-4 
M) and Trifluralin Herbicide (0,84 ppm of active principle) (Positive Controls; PC) for 72 h. For each treatment, the 
number of germinated seeds was recorded and twenty roots were collected, measured and fixed in Carnoy (Ethanol: 
acetic acid, 3: 1). For the preparation of the slides, the roots were washed with distilled water, hydrolyzed in 1N HCl at 
60 °C, stained with Schiff’s reagent and acetic carmine 2%. Preliminary, three slides/treatment were prepared, in which 
500 cells were analyzed, totaling 1.500 cells/treatment. Afterwards, the GI (Germination Index), ARL (Average Root 
Length) e MI (Mitotic Index) was compared with the negative control using the Mann-Whitney and/or T test (p<0,05), 
by means of Statistic program (version 10.0). The phytochemical characterization was performed by TLC (Thin-Layer 
Chromatography). Considering the GI, there was a toxic action for greater concentration of plant extract (1.6 mg/mL; 
85,33%), increasing the germination rate of onions’ seeds, when compared to NC (81.33%) (p<0,05). This toxicity was 
confirmed by reduction in the average root length, which was observed for all tested concentrations [(0.4 mg/mL; 0.56 
cm), (0.8 mg/mL; 0.58 cm) e (1.6 mg/mL; 0.46 cm), compared to NC (0.77 cm) (p<0.05). In turn, a cytotoxic action 
of plant extract was evidenced in meristematic cells of A. cepa, attributed to reduction in MI for concentration of the 
1.6 mg/mL (13.02%), when compared to CN (19.05%) (p<0,05). This toxicity and cytotoxicity may be associated with 
the presence of secondary metabolites and its interactions, such as phenolic compounds, lignin, hydrolyzable and con-
densed tannins, and saponins, being the latter already associated with the cytotoxic effects of other plant extracts. Such 
preliminary results identified concentrations of aqueous stem bark extract of B. cheilantha, which may induce adverse 
effects on human health, contributing to future toxicogenetic studies with in vitro tests, as MTT assay and cytokine-
sis-block micronucleus assay. 
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Abstract: 
É indiscutível a importância e a relevância do estudo da genética em nosso dia-a-dia para entender processos biológicos, 
fisiológicos e também aspectos de toda a vida na Terra, uma vez que a genética é inerente e diz respeito a todo ser vivo. 
Com isso, a genética é introduzida e faz parte do currículo escolar tanto do Ensino Fundamental quanto do Ensino Mé-
dio, além de ser uma matéria essencial e obrigatória para a realização do Exame Nacional do Ensino Médio (ENEM) e 
de vestibulares. Entretanto, vê-se uma dificuldade considerável em absorver de forma clara os aspectos fundamentais da 
genética, em particular a compreensão da primeira e segunda leis de Mendel. Estas teorias envolvem, os experimentos 
de Gregor Mendel e a prática das probabilidades e proporções por meio de cálculos matemáticos. Pensando em facilitar 
a compreensão do estudo da genética nas escolas, em especial para as turmas do Ensino Médio, o objetivo do presente 
trabalho foi avaliar a eficácia de uma metodologia diferenciada utilizando a produção de um vídeo didático e explicativo 
abrangendo o conteúdo da primeira e segunda leis de Mendel frente à metodologia usual expositiva. O vídeo didático 
foi produzido com o auxílio de uma câmera e figuras impressas fotografadas em sequência para formar um vídeo no 
estilo stop motion. O estudo foi realizado em quatro turmas do Ensino Médio de uma escola pública do município da 
Serra-ES, onde em duas delas foi utilizada a explicação do conteúdo pelo meio usual de aula expositiva e nas outras 
duas foi utilizado o vídeo didático produzido. Para a avaliação do método utilizado foi aplicado um questionário prévio e 
outro consecutivo as aulas ministradas, além de um terceiro questionário avaliando a opinião e a preferência dos alunos 
ao método de ensino utilizado. Os resultados mostraram que a turma onde foi aplicado o vídeo didático teve um desem-
penho 20% maior nos testes avaliativos. A satisfação dos alunos com a metodologia da aula foi 30% maior nas turmas 
que tiveram a aplicação do vídeo. Conclui-se que, a utilização do recurso audiovisual é uma boa alternativa para facilitar 
a compreensão dos alunos e a aplicação dos conceitos de genética no Ensino médio, despertando o maior interesse dos 
alunos no conteúdo proposto, além de dinamizar a prática pedagógica do docente.

Palavras-chave: Hereditariedade; Gregor Mendel; Metodologias ativas; Ensino; vídeo didático

Support / Acknowledgment 
Fundação Estadual de Inovação em Saúde - iNOVA CapixabaFundação de Amparo à Pesquisa e Inovação do Espírito Santo - FAPES

495

PESQUISA EM ENSINO
DE GENÉTICA



APPLICATION OF AN ADDITIONAL BASIC MATHEMATICS CLASS  
IN CONJUNCTION WITH THE METHODOLOGY ALREADY APPLIED  
FOR THE TEACHING OF GENETICS CONCEPTS: MENDEL’S LAWS

Juliana Teixeira Dutra Fraga Sposito1; Jordan Peres da Silveira1; Ana Carolina Sales Neves1; Samara Cáo 
Paixão2; Ana Carolina Simões Ramos1,3 
1Celetista. Rua Castelo Branco 1970, Vila Velha - ES. Fundação Estadual de Inovação em Saúde- iNOVA Capixaba; 2Docente. 
Av. Colares Júnior, 324 - Vila Nova de Colares, Serra - ES. EMEF Profª Valéria Maria Miranda; 3Docente. R. José Alves, 135 - 
Goiabeiras, Vitória - ES, 29075-080. Faculdade Brasileira - Multivix

Abstract: 
Todos nós no mínimo já escutamos durante o Ensino Médio sobre as Leis de Mendel, mas será que de fato sabemos 
explicar essas leis ou até mesmo aplica-las no nosso dia-a-dia? As leis de Mendel dizem respeito às características mor-
fológicas e fisiológicas dos seres vivos, desde a cor da pelagem de um gato doméstico até a textura de um grão de er-
vilha, ou mesmo uma predisposição a hipertensão de um ser humano. Com isso, nota-se a importância da compreensão 
da genética, em especial as leis de Mendel, em nossa vida. Todavia, o ensino dos conceitos da genética é considerado 
como uma área das Ciências Biológicas de difícil compreensão, pelo simples fato de ser abstrato, envolvendo conceitos 
matemáticos de probabilidade e proporção, além de uma teoria complexa, sendo na maioria das vezes processos mi-
croscópicos de difícil observação. Destacando a dificuldade na aplicação de tal conteúdo envolvendo cálculos matemáti-
cos expressivos, o objetivo do trabalho foi produzir um material didático audiovisual de fácil aplicação nas turmas de 
Ensino Médio para melhor compreensão das leis de Mendel e comparar o desempenho com outra turma na qual o mate-
rial didático não foi aplicado. Foram produzidos dois vídeos didáticos, sendo um primeiro abordando a teoria da primei-
ra e da segunda lei de Mendel, e um segundo abordando conteúdo matemático utilizado na genética aplicados em duas 
turmas de 40 alunos de Ensino Médio em uma escola pública do município da Serra-ES. Em uma das turmas foi aplicado 
somente o primeiro vídeo e na outra turma foram aplicados ambos os vídeos com o intuito de avaliar a eficácia do se-
gundo vídeo na compreensão e na prática do conteúdo abordado. A avaliação foi realizada através de um questionário 
com 5 questões de múltipla escolha aplicado previamente e posteriormente as aulas ministradas. A turma em que foram 
aplicados ambos os vídeos, obteve melhores resultados no teste (10% superior), assim demonstrando maior facilidade 
na resolubilidade das questões práticas do conteúdo. Concluímos então que, a aplicação do vídeo didático abordando 
a genética, juntamente com o vídeo didático de matemática é uma boa alternativa frente as dificuldades dos alunos em 
compreender os conceitos de genética e a aplicabilidade dos mesmo, mostrando-se positivos ao ensino da genética.
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Abstract: 
Currently, more than 10,000 normal and pathological human characteristics with single-gene inheritance are known, 
obeying Mendel’s patterns. About fifty percent of these traits are autosomal dominant, more than thirty percent are au-
tosomal recessive, and less than ten percent are sex-related. Modern teaching-learning presents us with infinite possibil-
ities of techniques involving active, symbolic and contextualized methodologies. With the objective of contextualizing 
the learning of Mendelian and population genetics in the Basic Genetics discipline of the degree course in Biological 
Sciences at IFPA, Campus Itaituba, a collective activity was proposed, in which an electronic form containing eighteen 
Mendelian human characteristics, all external, easy to observe, to be answered by self-comparison of the respondents, 
with acceptance of the Free and Informed Consent Term, for the population of the Tapajós Integration Region. The form 
was prepared with general information about the population studied: city of origin, age group, sex, schooling, family 
income, in addition to eighteen Mendelian characteristics, presented with images of the phenotype corresponding to the 
dominant genotype and recessive genotype. A total of 182 responses were obtained, where the data were tabulated and 
distributed among 36 students, divided into six groups, previously organized, to research and evaluate the information 
collected, with each group being responsible for three different characteristics. The results obtained were used for Men-
delian and population genetics classes. After organizing the information, a seminar was held for the students of the class 
that carried out the study, for high school students, as a form of teaching-learning practice. A satisfaction survey was 
carried out with the undergraduate students about the research carried out to obtain information on the content of the 
Basic Genetics discipline and its application as a tool for teaching biology. All students responded that they were totally 
satisfied with the teaching-learning methodology, with the contact with high school students, and with the understand-
ing of Mendelian genetics in everyday life. According to the group assisted by this methodology, it was noticed that 
Genetics is very important in the world we live in, although it is complex when we start the first contacts with it, it is a 
very interesting area, in this activity we get to know more about what occurs in the inheritance of characteristics that we 
receive from our parents, studying them in people of our own region. The use of methodologies that involve research as 
an educational principle has brought excellent results in the teaching-learning process, which increasingly reinforces the 
need for curricularization of research in higher education, as a methodological enrichment.
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THREE-DIMENSIONAL DIDATIC MODELS AS TOOLS FACILITATING  
GENETIC TEACHING-LEARNING
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Abstract: 
The teaching of genetics results in the condition of transforming abstract contents, such as DNA and gene, into an 
illustrative view, developing an interconnection between the contents. Because it is abstract, it is seen in a complex 
way which leads students to lose interest in teaching various contents of genetics. Teaching has several methods that 
can help facilitate learning, such as three-dimensional, didactic and easily accessible models. They can be elaborated 
and presented between the teacher and the students. Thus, the activities result in an educational relationship of positive 
development when applied in a pleasurable way, where the student and teacher become sympathetic in the revelations 
of the various ways of seeing, interpreting and developing the didactic context. Thus, the objective of this work was 
to develop three-dimensional, didactic and dynamic models that would facilitate learning and develop skills in under-
standing genetic contents that are addressed in high school. Thus, the study was first submitted to the ethics committee 
and approved, then semi-structured questionnaires were applied to 210 high school students in a State school in the City 
of Maceió - AL containing seven questions about genetic composition of living beings, gene expression and mendelian 
inheritance, which the student could mark up to 3 alternatives. Then, the questionnaires were evaluated and the 3 most 
frequent alternatives marked by the students as learning difficulties were chosen for the elaboration of the three-dimen-
sional model. Subsequently, the contents were explained with the three-dimensional models and another questionnaire 
was passed to see if the explanation using the three-dimensional model facilitated the understanding of the content. 
Findings. Of the 210 questionnaires applied to the survey of the three-dimensional model to be developed, first ly with 
45.7% it was gene expression, but specifically transcription and translation, secondly with 25.3% was the composition 
of genetic material, DNA and RNA and thirdly 20.2% was mendelian, dominant and recessive inheritance and 8.8% of 
students reported that they had no difficulties in assimilating genetic contents. Thus, the three-dimensional models elab-
orated were: a DNA and RNA molecule with wire, stalk ball and popsil toothpick, toothpick and sweet bullets (jujube) 
were requested so that students could participate in the construction of the molecule, and elaborate the process of gene 
expression. It was also built to explain Mendelian heritage with colored Sofopor balls to explain dominant and recessive 
inheritance. After the application of the three-dimensional models, a questionnaire was passed to find out if it facilitated 
learning and of the 91.2% students who presented difficulty, 89.7% stated that the three-dimensional models facilitated 
learning. Thus, we can conclude that the manipulation and exposure of the didactic material facilitated learning in a 
more significant way.
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PROPAGAÇÃO DO CONHECIMENTO GENÉTICO DE MODO VIRTUAL  
E DESCOMPLICADO PARA A POPULAÇÃO EM GERAL

Vinícius Souza Pinto Sales Sobral1; Eduarda Pinto Gagliano1; Raphaella Almeida Costa1; Caio Gabriel Tavares 
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Abstract: 
Com o surgimento da internet e a ampliação das tecnologias de informação, o ser humano está cada dia mais envolvi-
do com as plataformas online (Youtube, Spotify, Instagram, Facebook e Tiktok), que disseminam diversos conteúdos, 
como assuntos científicos. Dessa forma, por desempenhar um grande papel de propagação, o espaço virtual torna-se um 
meio acessível para divulgar os conhecimentos atrelados à genética de maneira clara para grande parte da população 
brasileira, e não necessariamente do meio acadêmico. Inclusive, a utilização das redes favorece o interesse dos indivídu-
os pelo saber científico, neste caso com foco em genética. Assim, surgiu o projeto de extensão “Podcast Transcrição”, 
com o objetivo de descomplicar, ensinar, promover a genética, de forma a atrair o público em geral utilizando assuntos 
do cotidiano. Para tal finalidade foi desenvolvida uma metodologia de produção colaborativa e multidisciplinar de 
episódios de podcast entre alunos de diferentes graduações da UFPE e professor/a, de maneira ativa, em que há divisão 
em equipes: a) roteiro, em que os integrantes do grupo trabalham na elaboração de um manuscrito prévio baseado em 
fontes confiáveis, redigido no “Google Docs”, que possibilita a edição mútua pela equipe; b) edição de áudio, os inte-
grantes do grupo se subdividem em áreas de edição de som (captação do áudio, limpeza de ruídos, mixagem, cortes, 
montagem e edição), por meio do programa “Streamyard”, onde é gravado uma videoconferência, do qual são extraídos 
os produtos de áudio e vídeo, para serem inseridos nas plataformas de divulgação; c) comunicação, a equipe responsável 
pelo lançamento dos episódios em áudio nas plataformas digitais Spotify, Soundcloud e Deezer, e divulgação de post, 
enquetes e vídeos no Instagram, Facebook, Twitter,Tiktok e Youtube, elaborados através do aplicativo de edição Canva; 
e d) equipe de vídeo, trabalham com a edição de vídeo, que engloba cortes a partir das chamadas feitas com os convi-
dados, de modo a produzir conteúdo audiovisual para seguidamente serem disponibilizados no canal do Youtube e nas 
redes sociais. Dos resultados obtidos, na rede social Instagram (@podcasttranscricao) foi atingido o quantitativo de 685 
seguidores, com 38 postagens sendo vídeos e “posts”. Já no “Facebook”, a página possui 24 seguidores, com 64 publi-
cações. No Twitter, possui 100 seguidores e 73 publicações em forma de posts, vídeos, gifs e threads. Na rede de áudio 
Spotify, principal objetivo, foi alcançado 401 downloads, 278 streamings, 155 ouvintes e 75 seguidores ao longo dos 16 
episódios, sendo os três mais assistidos respectivamente, “EP 1 - Mutações e Sars-CoV-2”, “EP 3 (Parte 1) - Genética 
na sétima arte”, “EP 4 - Do caviar à rapadura: os alimentos oriundos de alterações cromossômicas”. Deste modo, o 
“Podcast Transcrição” tem um impacto significativo no desenvolvimento do ensino da genética, em que conhecimentos 
científicos são propagados a todo e qualquer público que possa interessar. A quantidade de usuários, contagem de down-
loads e acessos obtidos, disponibilizados pela base métrica das próprias ferramentas digitais evidenciam a magnitude e 
relevância deste projeto para a população e que pode ser replicado por outras instituições de ensino para universalizar 
conhecimento e promove-lo para todos.
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INVESTIGATING SATELLITE DNA DIVERSITY, ABUNDANCE AND EVOLUTION,  
IN TWO CLOSELY RELATED DROSOPHILA SPECIES (D. SERIDO AND D. ANTONIETAE) 

AND IN INDIVIDUALS FROM A HYBRID ZONE.
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Abstract: 
Satellite DNAs (satDNAs) are highly repeated DNA sequences, tandemly arranged, that are typically located in het-
erochromatic regions of chromosomes. Several satDNAs may co-exist in the genome of a single species and, togeth-
er, they may contribute to more than 25% of the whole genomic DNA. Despite participation in important genomic 
functions (e.g. chromatin modulation, gene expression and centromere maintenance), satDNAs are among the fastest 
evolving genomic components. Even closely related species may differ drastically in satDNA content and composition. 
It has also been frequently assumed that such rapid changes between populations may contribute for the establishment 
of reproductive incompatibility during the speciation process. In Drosophila for example, it has been shown that ~30% 
nucleotide divergence between satDNAs is sufficient to cause lethality in hybrids between D. melanogaster and D. sim-
ulans. Drosophila serido and D. antonietae (buzzatii cluster, repleta group) are two closely related species, very similar 
concerning external morphology, and separated by less than 1Mya. Both species are endemic to South America but their 
distribution are largely allopatric. Genetic markers revealed the presence of a hybrid zone in the south coast of Brazil. 
Here, we aimed to perform an in-deep study of the whole satDNA collection in these two species, using whole-genome 
sequence Illumina reads and RepeatExplorer and TAREAN as pipelines for satDNA identification and quantification. 
We analyzed a total of five individuals so far, one representing D. serido (Lajes Pintadas, RN), one representing D. 
antonietae (Sertãozinho, SP) and three individuals within the hybrid zone (Florianópolis, SC). In special, very little is 
known about satDNAs in hybrid zones. We also constructed maximum-likelihood (ML) phylogenies for each satDNA. 
Our results revealed that the two species share the same collection of six satDNAs. Four of them (pBuM, DBC-150, 
CDSTR138 and CDSTR198) have been previously described, and two of them are described here for the first time. We 
named the new satDNAs as SAT197/230 and SAT109/104, based on the consensus length of their repeat units. In both 
D. antonietae and D. serido, satDNA contribution to total genomic DNA was low (less than 5%). In other Drosophila 
species, satDNA contribution is typically above 20%. Such low abundance may indicate possible selective constraints 
acting on genome sizes or heterochromatin content. According to our ML trees, four satellites present a specie-specific 
clustering of repeats (pBuM, DBC-150, CDSTR138 and SAT197/230), indicating a concerted mode of molecular evo-
lution (i.e. concerted evolution). The calculated interspecific divergence for each satDNA ranges from 0,58% to 14,4%. 
Such low levels of satDNA divergence might have been one of the factors that contributed for establishment of the 
hybrid zone between the two species. However, the three analyzed individuals from the hybrid zone showed the same 
satDNA profile as the individual representing D. serido, thus revealing no evidence of recent or past hybridization in 
our sample. In addition, the ML tree based on CDSTR138 discriminated the repeats from D. serido and the ones present 
in the three individuals from the hybrid zone, thus revealing a degree of differentiation between these D. serido popu-
lations.
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INTEGRATIVE TAXONOMY UNCOVERS POSSIBLY CRYPTIC SPECIES  
IN MONKFISH (LOPHIUS GASTROPHYSUS) 
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Abstract: 
Biodiversity conservation and fisheries management rely on the accurate identification of species, which are often cryp-
tic and detected by molecular analyses. The genus Lophius includes 7 nominal species, of which Lophius gastrophysus, 
the monkfish, is found inhabiting the continental Atlantic shelf and slope, from North Carolina to Argentina. The species 
acquired great relevance in the scenario of expansion of fisheries in the South and Southeast regions, but little is known 
about the genetic differentiation along its extensive distribution. A preliminary analysis of mitochondrial cytochrome ox-
idase I (COI) gene sequences indicated a marked genetic differentiation between samples from Brazil and those collect-
ed in Florida, indicating the existence of cryptic species. Here, we applied an integrative taxonomy approach based on 
data extracted from sequences belonging to mitochondrial markers, automatic species delimitation methods (SDMs) and 
geometric morphometry to test the hypothesis of cryptic differentiation in L. gastrophysus. Forty-eight tissue samples 
from 4 species of the genus Lophius (L. gastrophysus, L. americanus, L. budegassa and L. piscatorius) were analyzed. 
Of the 38 tissue samples belonging to L. gastrophysus, 29 were collected in Brazilian markets, fishmongers or local fish-
ing communities and 9 were originally from north American voucher specimens and loaned by the University of Kansas 
(KU) Biodiversity Institute. Maximum likelihood phylogenetic analysis were performed on sequences belonging to 2 
genetic markers (Cytochrome B and COI). Those analyses were complemented by two SDMs: the Automatic Barcode 
Gap Detection method (ABGD) and the Generalized Mixed Yule Coalescent (GMYC). Morphometric analyses of 33 
landmarks were performed based on photographs taken of 5 Brazilian specimens and 9 North American specimens, the 
latter being taken by collaborators from the Museum of Comparative Zoology (MCZ) at Harvard University. Two mono-
phyletic clades with high bootstrap support were observed among sequences of L. gastrophysus in both COI and CytB 
phylogenetic reconstructions. These were consistent with the number of operational taxonomic units (OTUs) detected 
by the SDMs, which split the North and South Atlantic sequences into two species. The differentiation between these 
two putative species may be due to historical restrictions to gene flow caused by two main factors: the South Equatorial 
Current, which flows from east to west towards the Brazilian continental shelf, and the physicochemical barrier formed 
by the Amazon River sedimentation plume. The future application of other approaches (e.g. NGS techniques to obtain 
a greater number of markers, ecological and morphological studies) will be essential for the empirical testing of this 
interspecific differentiation, given that all methodologies make assumptions to explore the parametric space ideal for the 
delimitation of species, being imperfect imitations of biological reality. The confirmation that L. gastrophysus consists 
of two distinct species will be of great importance for fish stock analyses, since in that case all fishing and management 
calculations, as well as international fisheries statistics, should be done separately in each area.
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RANGE SIZE AND EVOLUTIONARY CHARACTERISTICS IN CARNIVORES:  
A STUDY USING PHYLOGENETIC MODELS
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Abstract: 
The geographic range size consists of the area of ecological activity of the species throughout its life. Mammals in the 
order of carnivores have variations in the extent of their range.This fact may be associated with evolutionary biolog-
ical characteristics as well as the individual’s own lifetime, because a longer life would allow greater displacement 
through the range itself and, consequently, even favoring ecological processes of dispersion and colonization in new 
habitats, thus increasing the extension of the range for species with greater longevity. The present work aims to answer 
the following question: Do evolutionary characteristics of body mass and longevity explain the difference in the size 
of the range of closely related species of carnivores? The objective was to test whether evolutionary characteristics of 
body size and longevity can explain the difference in the range extension of different species of carnivores of the class 
mammalia, using generalized least squares phylogenetic regression models (PGLMs). For the execution of PGLMs, we 
use a dated phylogenetic tree to obtain information on the evolution of carnivores. Range size was used as a dependent 
variable against evolutionary characteristics of body mass and longevity, these variables were extracted from PanTheria. 
The selection of models was made using the Akaike Information Criterion (AIC). All analyzes were accomplished in the 
R software using the packages: phytools, phylolm, letsr, geiger and caper. Eighty species of mammals of the order of 
carnivores were studied, distributed in 11 families and 54 genera in which the most representative are: Mustela, Martes, 
Canis, Pantera, Ursus, Bassariscus and Vulpes. The results of the PGLMs showed that the range against the body mass 
forms the best model to explain the difference between the range extension of species close to carnivores. The model 
with the biggest difference was the range size versus body mass more longevity (Range ~ Body mass + Longevity; df = 
3; AIC = 303.41; delta = 1.92; Weight = 0.2), although the best adjusted model is the body mass model (Range ~ Body 
mass; df = 2; AIC = 301.48; delta = 0.00; Weight = 0.7). This result, in which longevity explains little of the range dif-
ference, may be associated with the fact that body size is already the cause of the species’ longevity, that is, organisms 
with larger body sizes live longer. The size of the body is a factor that favors the movement of the species through the 
geographic space, since larger species are easier to move over large distances and, consequently, have a greater range 
area. Body size is a factor that favors the movement of the species through geographic space, because larger species 
are easier to move over large distances and consequently have a larger range area. We conclude that the analysis of the 
PGLMs model for the carnivore database indicated that the body mass (Range ~ Body mass) was what most explained 
the range variation between closely related species in this taxonomic group and that longevity (Range ~ Longevity) was 
not a good predictor variable to explain the extension of the geographic range.
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MITOCHONDRIAL GENOME ASSEMBLING AND PHYLOGENETIC ANALYSIS  
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Abstract: 
Studies using mitochondrial genomes have been increasing to infer phylogenetic relationships at shallow and deep 
taxonomic levels in different groups of organisms. This data source presents high rates of evolution, lack of recom-
bination, and conservation among conspecifics, which is important for genetic and molecular analysis. In insects, the 
mitogenome’s size range from 15 kb to 18 kb and comprises 13 protein-coding genes (PCGs), two ribosomal RNAs, 22 
transfer RNAs, and an A+T control region of variable length. In Gryllidae, the subfamily Gryllinae is one of the most 
representative, with 1,227 valid species. Although this group comprises species of economic interest, few mitogenomes 
have been characterized. The present study aimed to analyze the Gryllinae evolutionary relationships employing mi-
togenomes currently available. The complete mitochondrial genome of Gryllus assimilis, G. firmus, G. pennsylvanicus, 
G. rubens, G. texensis, and Dianemobius nigrofasciatus (Nemobiinae) were assembled and used to reconstruct the 
Gryllinae phylogeny with the 13 PCGs. The sequences for the assembly were obtained in the Sequence Read Archive 
(SRA) of the National Center for Biotechnology Information (NCBI). The software Trimmomatic was used for reads 
quality trimming and adapter clipping, and the MITGARD pipeline for assembling with mitogenomes of close species 
as reference. A total of 20 species of Gryllinae were included in the analysis. Each PCG was aligned using MAFFT and 
then trimmed in the program TrimAl in Phylemon2. In PhyloSuite, we concatenated the sequences and determined the 
best partitioning scheme and substitution models with PartitionFinder2, based on a greedy algorithm according to the 
Akaike information criterion. The phylogenetic reconstruction was performed by Maximum Likelihood (ML) using 
IQ-Tree in PhyloSuite and Bayesian Inference (BI) in MrBayes 3.2.6 on XSEDE in the platform Cyberinfrastructure for 
Phylogenetic Research (CIPRES). ML was performed using 1,000 ultrafast bootstrap replicates, and BI was run from 
30 million MCMC generations, sampling every 30,000 and discarding the first 25% as burn-in. In both analyses, D. ni-
grofasciatus was used as an outgroup. The mitogenomes’ lengths were similar to what was found for insects; the largest 
was G. rubens (15,666 bp) and the smaller of D. nigrofasciatus (15,223 bp). The BI and ML recovered similar results, 
grouping the species into two main clusters: one including Turanogryllus eous, Tarbinskellus portentosus, Loxoblem-
mus doenitzi, and L. equestris, and the other grouping the remaining subfamily species. The last one further separates 
Velarifictorus hemelytrus and Gryllodes sigillatus from Acheta, Teleogryllus, and Gryllus species. In general, our results 
corroborate previous observations, except for the close relationship between A. domesticus and the genus Teleogryllus. 
Although preliminary, our study shows evolutionary relationships strongly supported. Increasing the number of Grylli-
nae mitogenomes may thus enlighten essential information about group evolution.
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FROM MAIZE TO SUGARCANE
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Abstract: 
Sugarcane cultivation is new compared to maize, by approximately 6,500 yr difference from the beginning of domesti-
cations. An important pest associated with both crops is Diatraea saccharalis, which causes damage to crop stems and 
also to the ear of maize. A fungus associated with this insect is Fusarium verticillioides, which causes Fusarium rot and 
red rot diseases in sugarcane. Even more impressive, it is the cause of stalk rot, Fusarium and maize ear rot diseases. A 
recent discovery identified an interaction between sugarcane, D. saccharalis and F. verticillioides. After the contact of 
the insect with the fungus, it remains in the host organism throughout its development and across generations, with an 
unusual vertical transmission mechanism. The fungus also modulates the behavior of the insect for its dissemination, 
so that infected insects prefer to lay eggs on healthy plants. On the contrary, healthy insects prefer to lay their eggs on 
infected plants. We raise the hypothesis that the complexity of this interaction in sugarcane might have originated during 
the evolution of the maize crop, and then further transmitted to sugarcane. One supporting observation is the period of 
D. saccharalis-F. verticillioides interaction with maize is approximately ten times longer. Thus, the objective was to 
study the behavior of D. saccharalis insects in the presence of maize plants infected with F. verticillioides, and Volatile 
Organic Compounds (VOCs) emitted by the infected plant. Three distinct maize genotypes were used: two varieties 
“Dente Paulista I” with low breeding process and two additional crop species from Poaceae: wheat “IAC 385 MOJAVE” 
and the rice “IAC 201”. 40-day-old plants kept under controlled conditions, pre-inoculated with a suspension of 106 
conidia/mL of F. verticillioides, and mock plants inoculated with a solution without conidia were used. For the ovipo-
sition bioassays, adults of D. saccharalis uncontaminated or contaminated with F. verticillioides were used to test their 
preference between mock and fungus-infected maize. The double-choice oviposition preference assay was performed in 
cages covered with voile fabric in a controlled environment. For collection and quantification of VOCs, plants infected 
with Mock and F. verticillioides (n?=5) were individually placed in a glass chamber and connected to the ARS Volatile 
Collection System for 12 hours at night. Chemical identification was performed using gas chromatography coupled to a 
mass spectrometer. VOCs were identified based on a comparison of mass spectra with the library database (NIST11) and 
Kovats retention indices. Here we show a high preference of infected insects by healthy maize plants and a preference 
of healthy insects by contaminated plants. In contrast, wheat and rice infected plants did not show any preference by the 
healthy female insects. VOCs emitted by these plants did not show any difference regarding the treatments. Maize-in-
fected plants released at least five different compounds in comparison to mock maize. These observations indicate that 
the complex D. saccharalis-F. verticillioides also occurs in maize plants, but not to rice and wheat. We propose that the 
insect-fungus interaction was previously established in maize and then adapted to the sugarcane crop.
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Abstract: 
Inter-species hybridization can have important consequences for evolution and, when driven by human disturbances, 
can be a potential threat to the genomic integrity of the parental species. We have previously identified in southern Brazil 
an active hybrid zone (HZ) between two wild cats, Leopardus guttulus and L. geoffroyi, both of which are threatened 
by habitat modification and persecution by farmers, with niche modeling analyses suggesting that the hybrids may be 
fitter than the parental species in this human-altered environment. Advances in molecular methods for whole-genome 
sequencing (WGS), in addition to improvements in bioinformatic tools to work with genotype uncertainty and variable 
site identification, have in recent years drastically improved population genomic studies for non-model species, allow-
ing the sequencing and reliable analysis of whole-genomes from hundreds of individuals at very low coverage (lcWGS). 
To investigate the origin and evolutionary dynamics of this admixture process, we sequenced three complete genomes 
at medium-high depth (~20x) from one hybrid and two parental species, and 200 lcWGS (~0.9x) spanning a transect 
ranging from southeastern Brazil to central Argentina and Bolivia, encompassing most of the ranges of both parental 
species and the HZ. By using cutting-edge L. geoffroyi reference genomes (nuclear and mitochondrial), in addition to 
reliable genotype likelihoods for variable-site identification, we initially performed global ancestry analysis of the nu-
clear genome and phylogenetic reconstruction of the mitochondrial genomes, and found that ca. 30% of the analyzed 
individuals are hybrids (i.e. present <90% ancestry assignment to either parental species and/or a discordance between 
mitochondrial and morphological/nuclear assignment). We detected introgression of both patrilineal (Y-chromosome) 
and matrilineal (mtDNA) markers from both parentals into the hybrids. Hybrid individuals showed an average ancestry 
proportion of 0.3/0.7 (L. guttulus/L. geoffroyi), with >90% of them showing predominant L. geoffroyi ancestry and oc-
curring mainly southward from the contact area between the parental species - towards the distribution of L. geoffroyi. 
So far, our local ancestry inferences using ancestry informative sites (i.e. sites with higher differences in allelic frequen-
cies between the parentals) suggest that this process is relatively recent (~300 generations), with younger estimates at 
the immediate contact zone and along the boundary between the Atlantic Forest and Pampas. The genomic data further 
showed admixed blocks and heterozygous sites (e.g. alleles from both parentals) even within almost-pure individuals 
away from the HZ - especially towards to the south. Therefore, our analyses indicate that this is a dynamic hybrid zone, 
with no clear preference of males/females from one or the other species. The southern parental shows substantially more 
genomic introgression than the northern one and seems to be facing a geographical invasion of admixed individuals. 
These results, combined with ongoing ecological, morphological and cline analyses, indicate that the HZ is highly active 
in transitional areas between Atlantic Forest and Pampas, and has been expanding during the last centuries (potentially 
associated with human-induced habitat change). In addition, introgression of adaptive alleles from both directions may 
allow hybrids to outcompete parentals in this altered environment, highlighting the need for in-depth genomic monitor-
ing of this complex admixture process.

Palavras-chave: Inter-species admixture; Local ancestry inferences; Population genomics; lcWGS; Leopardus
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Abstract: 
Single Nucleotide Polymorphisms have been widely employed to characterize genetic variation within and between 
species. However, a significant amount of the diversity found in genomes are structural variants, specially copy number 
variation (CNV). Although CNVs are associated with multiple evolutionary novelties, the processes related to their 
origin and maintenance in populations are not fully understood. We carried out a comprehensive analysis of the TP53 
loci that encode the p53 protein, whose number of copies has been frequently associated with an adaptive process along 
mammalian evolution. TP53 has multiple copies in Loxodonta africana, the African elephant. The increased number of 
copies was associated with a lower risk of developing cancers in this species. We scanned the genomes of species relat-
ed to elephants (Afrotheria) to characterize possible CNVs at this loci and, consequently, estimated the history of gene 
duplications in this lineage. We also inspected for the presence of retroelements near this loci to unveil the molecular 
mechanisms making this loci susceptible to several duplications in tandem, and possible pseudogenes. We found that 
several Afrotheria species exhibit duplicated TP53, and that duplications could not be explained by body size. The inser-
tion of retroelements took place early in the evolution of this lineage, and it is likely responsible for the first duplication 
on the ancestral of extant Afrotheria.
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THE EVOLUTIONARY HISTORY OF IN STATU NASCENDI SPECIES
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Abstract: 
For more than half a century, the willistoni subgroup of Drosophila has been the basis of several evolutionary postulates, 
particularly in the modern synthesis of evolution. The main reason is the different evolutionary stages and degrees of 
reproductive isolation its species present, which provides a window to observe the process of speciation. Genome size 
(GS) evolution is related with transposable elements (TEs) activity, yet such relation under speciation remains poorly 
understood. Here we intend to understand how that process may influence GS evolution and the TEs content in insects. 
We quantitatively compared the mobilome of D. equinoxialis, D. insularis, D. willistoni, D. tropicalis and two sub-
species of D. paulistorum with their genome size, mapping these characters onto the phylogeny and estimating their 
phylogenetic signal. Genome assemblies were retrieved from GenBank and submitted to the software RepeatMasker, 
with the combined Dfam and RepBase databases, for recovering their fraction of TEs, TEs landscapes and, for each TE 
superfamily, its copy number (CN) and total length (TL) based on the “80-80-80” rule. Principal Component Analysis 
(PCA) was performed to summarize CN and TL datasets, and infer which TEs superfamily(ies) contribute the most for 
variation between species. BUSCO markers were used for reconstructing a maximum likelihood phylogenetic tree, on 
which GS and fraction of TEs were mapped for ancestral state reconstructions. Pagel’s lambda (λ) and Bloomsberg’s 
K were estimated for both GS and fraction of TEs for accessing their phylogenetic signal. Lastly, the analysis of Phy-
logenetic Generalized Least Squares (PGLS) was performed to evaluate their relation with the underlying phylogeny. 
The superfamily DNA/TcMar-Tigger is present in both CN and TL biplots of PCA, suggesting a possible role in the 
expansion of these genomes to be further investigated. The reconstructed phylogenetic relationships within the willistoni 
subgroup are congruent with previous studies, where D. paulistorum and D. equinoxialis are the most recent species 
to diverge, followed by D. willistoni, D. tropicalis and D. insularis. Both GS and TE fractions showed lower values 
in ancestral nodes, which increased as species diverged. Also, strong and statistically significant phylogenetic signals 
were found (λ = 0.908, K = 1.422; λ = 0.999, K = 2.591; for GS and fraction of TEs, respectively), revealing that both 
traits evolved according to the evolutionary history of the willistoni subgroup. The result of PGLS further supports these 
results as it showed that both are positively associated (b = 1.043, p-value = 0.04) when fraction of TEs is the response 
variable. Therefore, the activity of TEs is highly associated with GS evolution in the willistoni subgroup, and both reflect 
its evolutionary history. Our results provide hints for understanding the role of speciation on the evolution of GS and 
fraction of TEs in insects, or vice versa.

Palavras-chave: Drosophila willistoni; mobilome; phylogenetic signal; speciation; 
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Abstract: 
Attalea funifera, popularly known as piaçava palm, is an economically relevant species due to the commercialization 
of fibers extracted from its petioles. The piaçava is an endemic species from the central zone of the Brazilian Atlantic 
Forest (BAF), and it is distributed along the coast of Bahia, Sergipe, and Alagoas states. Additionally, this species has 
two geographically separated morphotypes: one acaulescent, restricted to the northern range, and another caulescent, 
present in the central and southern areas. In this research, we aimed to use single nucleotide polymorphisms (SNPs) to 
characterize the genomic diversity of A. funifera and its genetic structure, verify the level of differentiation between the 
two morphotypes, and detect loci presenting signals of selection. We genotyped 264 individuals from 21 populations 
using a genotyping-by-sequencing library (double-digestion GBS) and the genome of Cocos nucifera as a reference for 
the SNP calling process. After filtering, the final dataset contained 2,767 biallelic SNPs. A. funifera populations showed 
similar levels of genetic diversity among them, a tendency of higher observed heterozygosity (mean Ho = 0.196) than 
expected under Hardy-Weinberg equilibrium (mean He = 0.171), and therefore low levels of inbreeding (mean Fis = 
-0.01). Genetic structure analysis revealed six genetic clusters with practically no admixture among them. The two 
morphotypes also showed great differentiation among them (Fst = 0.224). Outlier loci detection comparing these two 
groups showed selection signals in 472 SNPs, of which 415 occur in protein-coding sequences. The high level of genetic 
structure found in piaçava suggests that the demographic past of this species might have been influenced by climatic and 
sea-level changes during the Tertiary and Quaternary periods, which greatly affected the central zone of the BAF. This 
data also suggests that the two morphotypes might be under an ongoing speciation process. Furthermore, the genetic 
diversity of piaçava has a similar distribution pattern to other species that occur in this part of the Atlantic Forest. There-
fore, this research contributes to a better characterization of the mechanisms underlying the diversification processes 
that shaped the biodiversity of the central corridor of the BAF, an understudied region.
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Abstract: 
Complete mitochondrial DNA sequences from different species have allowed conservation and evolutionary studies - 
such as comparative analyses of mitogenome composition and structure, phylogenetic analyses, and definition of evolu-
tionary significant units (ESU). Bothrops insularis is a critically endangered Brazilian snake that - up to now - presents 
gaps in its available molecular data, which makes difficult both to understand its evolutionary history and to define strat-
egies for conservation. Here we characterize - for the first time - the mitogenome of B. insularis, compare it with those 
mitogenome available from other Bothrops species, and analyze the mitogenome structure against other set of mitoge-
nomes from other Serpentes in a phylogenetic context. Three B. insularis representatives were sequenced using Illumina 
HiSeq2500 (2 x 150 - base pair (bp)). Based on these data, we accessed and characterized the mitogenome through a 
reference assembly methodology using B. jararaca mitogenome as the reference molecule using the CLC Genomics 
Workbench V. 11.0.1. Then, we analyzed and performed two comparative analyses which involved: (i) comparison of 
the mitogenomes of B. diporus, B. insularis, B. jararaca, and B. pubescens; and (ii) comparison of 129 mitogenomes of 
Serpentes (128 available on GenBank with the B. insularis mitogenome) and reconstructed a phylogenetic perspective. 
Structure comparisons in each analysis were performed using the software Geneious V.7.1.7 to access the mitogenome 
order and composition, as well as to identify the non-annotated regions. Aside the structure comparison, we compare 
the nucleotide composition of Bothrops representatives using MEGA X, testing each protein coding genes (PCG) for 
selection signals using the DN/DS approach using DnaSP V.6. Phylogenetic analyses were performed using maximum 
likelihood and a matrix composed of 13 PCG and two ribosomal RNA (rRNA) subunits from 135 sequences (129 Ser-
pentes and 6 outgroups) using IQTREE. B. insularis mitochondrial genome was recovered as a circular molecule with 
17,523 bp length, encompassing 13 PCG, 22 transfer RNA (tRNA), two rRNA, two control regions, one region of the 
light strand origin replication, a tRNA-Phe duplicate, and a non-coding region. The molecules within the genus Both-
rops diverged, mainly, due to the presence of tRNA duplications and non-coding regions. Selection analyzes indicate 
positive selection on two genes: (i) ATP 8 between B. pubescens and B. insularis, and B. pubescens and B. jararaca; and 
(ii) ND6 between B. insularis and B. jararaca. However, more studies will be needed to understand these data. Com-
parisons among snake mitochondrial molecules allowed us to identify 18 types of mitogenomes, which were originated 
due to rearrangements within three tRNA clusters, which could have been originated due to duplications, translocations, 
and deletions during the replication process. Furthermore, our results suggest that B. insularis should be considered as 
an ESU due to distinctive evolutionary processes recovered for this species in relation to other Bothrops species herein 
analyzed, in agreement with previous ecological, genetic, and evolutionary data. At last, the data reported here provide 
new insights on the snakes mitogenome evolution, once recovered a higher diversity than previous studies and helped 
the comprehension of B. insularis evolution and conservation. 
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Abstract: 
The Bone Morphogenetic Protein (BMP) pathway regulates several biological processes such as: cell differentiation and 
growth, homeostasis, patterning and organogenesis. Particularly, the pathway displays an evolutionarily conserved role 
to establish the neural versus non-neural ectoderm of all bilaterian animals, and plays an important role in the establish-
ment of the insect dorsal-ventral (DV) axis. As secreted molecules, the range of BMP action is controlled by extracel-
lular modulators in protostomes and deuterostomes. In insects, Twisted gastrulation (Tsg), Crossveinless-2 (Cv2), and 
Short gastrulation (Sog), either act as repressors of BMP function in the neuroectoderm and/or shuttle BMPs to generate 
the high BMP signals required for induction of extraembryonic tissues. However, little is known about the influence of 
these genes during the establishment of the DV axis in hemiptera such as the insect vector of Chagas Disease, Rhodnius 
prolixus. This hemimetabolous insect has incomplete development, where there is no presence of larvae or pupae until 
reaching the adult stage, in addition to being a short-germ band insect. There are a number of peculiar features in the 
development of this animal that cannot be fully compared to model insects such as the long-germband Drosophila. In the 
present work, we investigated the role of BMP antagonists in R. prolixus DV patterning. We used RNA interference to 
knockdown (KD) gene expression and in situ hybridization to investigate their effects on DV territories of the embryo. 
Our results suggest that these genes are fundamental to delimit and subdivide the neuroectoderm, mesectoderm and me-
soderm territories, indicating a broad role in DV axis formation. Furthermore, we observed an unexpected effect result-
ing from sog + tsg KD, with expansion of the mesoderm, identical to KD of the gene encoding the BMP pathway ligand, 
decapentaplegic (dpp). This and other data suggest that these BMP pathway modulators perform a positive instead of 
an inhibitory role in establishing these territories, an action previously reported only for induction of extraembryonic 
tissues. We also show for the first time in a hemiptera that Rp-dpp has a role during oogenesis to pattern the eggshell, 
reminiscent of the role reported for morphogenesis of the chorion in D. melanogaster. The phenotype is characterized 
by a decrease in the size of the operculum and collar, as well as modified chorion. Despite the structural damage, these 
eggs maintain their DV axis polarity, suggesting that other signaling pathways may also be involved in defining the egg 
DV axis, such as the Erk pathway. Considering the clear phenotypes observed for BMP encoding genes and their extra-
cellular modulators in R. prolixus versus those reported for another hemiptera, Oncopeltus fasciatus, our data suggests 
that BMP modulators exert more diverse roles than previously reported for the insect clade.
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Abstract: 
The polymorphism of HLA (Human Leukocyte Antigens) genes is relevant not only for histocompatibility purposes but 
also for population genetics. In the present study, we characterized the variability of the HLA-A, HLA-B, and HLA-DRB1 
genes in high-resolution according to self-declared skin-color/race groups of 6235 volunteer bone marrow donors from 
Paraná State (Brazil). The sample was composed of five groups: White (n=4591), Admixed (n=1004), Black (n=190), 
Asian (n=61), and Native Americans (n=3), in addition to the uninformed group (n=386). The HLA genotyping was 
performed by NGS with the Illumina MiSeq platform and the AmpX/NGS-Go® kit (GenDx, Utrecht, Netherlands) and 
analyzed using the NGSengine® Software. The alleles were reported in the G group nomenclature. Allelic frequency, 
allelic richness, and Hardy-Weinberg Equilibrium (HWE) test were performed with the PopGenReport version 3.0.4 
R environment (software version 4.0.3) package. The haplotypes were estimated by the EM algorithm using the AR-
LEQUIN software version 3.5.2.2. We identified 76 HLA-A alleles, 162 HLA-B, and 82 HLA-DRB1 alleles. The most 
frequent alleles in each locus were: A*02:01:01G, B*51:01:01G, and DRB1*07:01:01G. The total number of different 
alleles was 287 (White), 205 (Admixed), 161 (uninformed), 137 (Black), 102 (Asian), and 17 (Native American). All 
groups were in HWE. The allelic richness in the HLA-A and HLA-B genes for the Black group was higher than all the 
other groups, indicating greater allelic diversity despite the smaller sample size. The sum of the frequencies of the ten 
most common HLA-A and HLA-B alleles is lower in the Black group than the others, followed by the Admixed group. 
The most frequent haplotype was A*01:01:01G-B*08:01:01G-DRB1*03:01:01G in all groups, except for Asians, in 
which it was A*24:02:01G-B*52:01:01G-DRB1*15:02:01G. The high-resolution genotyping data allowed the identifi-
cation of differences in allele and haplotype frequencies between skin-color/ race groups that previous low-resolution 
studies had not detected. This contributes to the characterization of this population’s HLA profile and emphasizes the 
usefulness of HLA genes as informative ancestry markers. The diversity pattern agrees with the Out of Africa theory, in 
which African descendants are expected to have greater allelic diversity, while Admixed groups are expected to show 
intermediate values between Black and White groups. Thus, further studies will help to understand why the greater al-
lelic richness in the Black group was found to be greater mainly in the HLA-A locus and how it impacts the search for 
bone marrow donors for Black patients in Brazil.
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Abstract: 
The NF-kB/Dorsal signaling is a conserved pathway involved in immunity in metazoans. In the fruit fly Drosophila 
melanogaster this pathway is also involved in dorsoventral (DV) axis formation, constituting one of the best understood 
gene regulatory networks (GRNs) in animals. Since early branching arthropods, such as spiders patterning their DV 
axis via the BMP/Dpp pathway, a co-option from an ancestral immune role towards axis establishment in insects was 
proposed.To investigate the evolution of the GRN downstream of NF-kB/Dorsal during DV axis formation, the beetle 
Tribolium castaneum was used as a model species. Here, we report the Dorsal ChIP-seq analysis during early beetle 
embryogenesis and its integration with previously published FAIRE-seq and RNA-seq analysis of Toll, Twist, Sog 
and Dpp RNAi. First, 1323 peaks were identified in the T. castaneum genome and manually annotated to identify their 
closest transcripts. Second, several enhancers from DV fly orthologs such as sog, twist, snail and sim were compared 
and the results points to similarities between the regulatory cascades of the beetle and the fly, but also to changes in the 
binding motif of Tc-Dorsal, the types of existing motifs in dorsoventral enhancers, a more promiscuous rule of Dorsal 
in the Tribolium anteroposterior axis formation. Third, there is also evidence to a paradigm rupture in the concentra-
tion-dependent nature of Dorsal as in the beetle a temporal activation is more likely to occur and finally a not yet de-
scribed relationship between NF-kB binding sites and tRNA sequences in the genome. Our data support the hypothesis 
of a co-option event of Dorsal rule from the innate immune pathway in basal arthropods species to the axis patterning 
in insects.
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Abstract: 
Animals depend on the five senses to the accurate perception of the environment. The olfaction is a primordial sense 
used for surviving and reproduction in amphibians. This sense may vary greatly among species due to their differ-
ent lifestyles, habitat and selective pressures. Amphibians comprehend a great model of olfactory receptor gene (OR 
genes) evolution, because they possess a great number of sequences both for water-soluble and airborne detection, only 
observed in specific groups such as mammals and fishes. We selected genome of six species to investigate whether 
there are differences in OR genes repertoire in relation with each one of three major lifestyle of anuran adults: (i) X. 
tropicalis and X. laevis as representative of well-adapted adults to aquatic lifestyle; (ii) R. marina as a representative 
of well-adapted terrestrial lifestyle and (ii) E. pustulosus, L. catesbianus and N. parkeri as representative of an interme-
diate lifestyle. We integrated genomic searches, phylogenetic inferences and codon-substitution models to predictions 
of genes evolving under purifying or diversifying selection. The evolutionary gene-tree based on ML recognized seven 
monophyletic OR gene-groups, classified as Type I (α, β, γ, δ, ε) and Type II (η), allowed us to confirm the classification 
of sequences recovered in genomic searches. The genomic repertoire of OR genes of anurans analysed here revealed 
an evolutionary maintenance of the diversity of gene groups. This evolutionary conservation of a diverse number of 
genes is a remarkably impact of rich life histories that anurans have achieved independently of lifestyle of anuran adults 
(aquatic vs. terrestrial). We did not recover homologue sequences with OR genes from groups ζ, θ, κ and λ in Anura ge-
nomes analysed. Interestingly X. tropicalis is the only one amphibian species with Type II OR genes and the hypothesis 
to explain this feature is due convergente evolution or retention of plesiomorphic states from fishes. Xenopus tropicalis 
presented a higher number of intact OR genes among species analysed, with 1046 genes identified, and followed by L. 
catesbeianus (782) and X. laevis (752). Regarding pseudogenes, R. marina, E. pustulosus and X. laevis presented a high 
number of pseudogenes in γ group, respectively, while L. catesbeianus presented more than the double of pseudogenes 
in α group than any genome here analysed. From number of pseudogenes per group in comparison with intact genes was 
also higher in X. laevis. Our results showed a high rate of duplications that resulted in a great number of pseudogenes 
in the airborne group in X. laevis, R. marina and E. pustulosus. The great number of sites under this pressure may sug-
gest a role in functional diversification that shapes the ecological requirements in OR genes adaptation. These analyses 
showed a large number of shifts in a majority of sites between transmembrane domains which can be an indicative of a 
ligand recognition of different odorants. We provided an evolutionary perspective dynamic of the multigene family of 
olfactory receptors genes in amphibian and highlights to importance these gene repertoire to evolutionary successful of 
these organisms.
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NEO- AND SUBFUNCTIONALIZATION MAY EXPLAIN HIGH RETENTION RATE  
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Abstract: 
Hox genes are transcription factors involved with body patterning along the anteroposterior axis in Bilateria. Changes 
in the number (of genes/clusters), sequence, and sites of expression of these genes underlie the diversification of sev-
eral animal groups. The allotetraploid amphibian Xenopus laevis has an entire duplicate chromossome set compared 
to the sister species X. tropicalis, as a consequence of its origin, characterized by an event of hybridization followed 
by whole-genome duplication (WGD). As a result, X. laevis harbors homeologs from two subgenomes, L (long) and S 
(short). Overall, both homeologs (L and S) are retained for 56% of the genes in the genome, but this retention rate is 
much higher in the Hox clusters (98%). Among other reasons, higher retention rates may occur when the gene copies are 
no longer redundant. Homeologs may diverge in function and/or expression profiles because redundancy can promote 
a relaxation of selection, allowing for processes like subfunctionalization (functions of the ancestral gene are now sub-
divided into the two homeologous copies) and neofunctionalization (one of the copies develops a new function). Here, 
we test the hypothesis that high retention rate of Hox genes may be related to neo- and subfunctionalization processes 
shaping the sequence and/or expression of these genes. To this end, we analyse publicly available data on both gene 
sequence and expression. Molecular evolution analyses on coding sequences show evidence of rapid evolution in four 
genes (HoxB3L, HoxB4L, HoxB5L and HoxB6L). Because rapid evolution can be caused by both relaxed and positive 
selection, we performed further tests to disentangle these two hypotheses. We found that rapid evolution is explained by 
relaxed selection in HoxB6L but by positive selection in HoxB3L, HoxB4L and HoxB5L. To test whether these adaptive 
changes in codon sequences are accompanied by changes in expression profiles, we used published RNA-seq data for 
fourteen embryonic stages and fourteen adult tissues to visually and statistically compare expression profiles of the L 
and S homeologs of HoxB3, HoxB4 and HoxB5. With the exception of HoxB4 (r = 0.235, p < 0.2283), expression of the 
homeolog pairs are highly correlated to each other (HoxB3: r = 0.826, p < 107; HoxB5: r = 0.902, p < 1010) and show 
similar levels of expression specificity (as measured by tau index). However, they do differ in other aspects. HoxB3 
homeologs heve peaks of expression in embryonic stage st25 and the adult tissue kidney, but whereas in the first, the S 
copy is expressed at higher levels, the opposite pattern is observed in the second. Similary, both HoxB4 homeologs are 
expressed through stages st20 and st25, but only HoxB4L was co-opted to a maternal expression in stages oo12-st10. 
Finally, HoxB5 copies significantly differ in average expression levels (p < 0.019). Taken together, our results show than 
three Hox genes envolve under positive selection and show signs of divergence also in expression profiles, consistent 
with neo- and subfunctionalization processes, wich may explain the high rates of gene retention in this cluster.
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Abstract: 
The genus Callicebus is endemic to Brazil, and has five currently recognized species: Callicebus personatus Geoffroy 
1812, Callicebus melanochir Wied Neuwied 1820, Callicebus nigrifrons Spix 1823, Callicebus barbarabrownae Her-
shkovitz 1990 and Callicebus coimbrai Kobayashi and Langguth 1999. However, there are divergences regarding the 
taxonomic level of the forms recognized for the genus as species or subspecies. Despite the existence of a recent study 
focused on carrying out a molecular phylogenetic analysis of the genus, it included only one sample of each of the Calli-
cebus forms, all of which came from captivity. The present study carried out a new phylogenetic inference for the genus, 
expanding the number of individuals sampled and including free-living animals, thus ensuring greater robustness in the 
reconstruction of the evolutionary history of Callicebus. We used the reference pipeline (ipyrad v 0.9.81) to perform 
genotyping by mapping DNA fragments, obtained by the ddRAD-seq technique, to the genome of Plecturocebus dona-
copilus. This is the first design of genomic markers with individuals representing all species of the genus Callicebus , 
with genotyping having generated a data matrix with 483,532 SNPs (with 75% completeness), which were used in the 
later stages of phylogenetic analyses. Phylogenetic analyses was performed using molecular markers of Single Nucle-
otide Polymorphisms (SNPs), in two complementary methodologies: a model of coalescence analysis, using Quartets 
Analysis (SVDquartets), conducted in the Tetrad program, and Maximum Likelihood analyses, performed through 
the IQ-TREE program and the subsequent graphic visualization of the trees in the FigTree program. The phylogenetic 
reconstruction was successfully achieved, with 286 different evolutionary models being tested by the Model Finder, 
using the Akaike Information Criterion (AIC), the corrected Akaike Information Criterion (AICc) and the Bayesian 
Information Criterion (BIC) , which pointed to the same ideal evolutionary model: TVM+F. The phylogenetic tree con-
structed indicates and reiterates the previous study, showing that within the genus, the species C. nigrifrons was the first 
to diverge, followed by C. personatus, and C. melanochir, with C. barbarabrownae and C. barbarabrownae being the 
last species to diverge. C. Coimbra. However, samples of these last two species were reconstructed as paraphyletic. The 
development of the project contributes to the knowledge of the evolutionary history of this genus of primates endemic 
to Brazil. It also helps in delimiting the number of species of this and, consequently, for the determination of the species 
that should be evaluated in the next cycles of assessment of the risk of extinction of Brazilian primates, which will be 
coordinated by the National Center for Research and Conservation of Brazilian Primates - CPB /ICMBio. In addition, 
the genomic markers generated in this research may be used in future studies that are of interest to the National Action 
Plans that contemplate the target species of this research (PAN-PRINE and PAN-PPMA), or by other study groups. Fu-
ture analyses to identify potential hybrids between the species of the Callicebus family, especially in captive individuals, 
and deepening of reconstructed phylogenetic analyses are necessary.
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THE COMPLETE GENOME OF THE LARGEST NEOTROPICAL EAGLE AND HOW 
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Abstract: 
Recent advances in genome sequencing technologies are paving the way for the study of life on Earth in unprecedent-
ed detail. The vast amount of information being generated in many countries is directly affecting conservation efforts 
in various biomes. Birds are commonly used in monitoring strategies associated with conservation programs. Despite 
the very narrow range of genome sizes across the group, birds show varying degrees of chromosome reshuffling. This 
is particularly true for Accipitriformes, a group of birds of prey. Transposable element (TE) activity is widely known 
to impact chromosome stability and to promote chromosome breaks. Our aim is to elucidate the relationship between 
chromosome reshuffling in Accipitriformes and TE activity. To accomplish this, we generated a chromosome-level 
genome assembly of the Harpy eagle, the largest eagle in the Neotropics and currently endangered. We generated ~32x 
PacBio HiFi/CCS reads, ~155.5x Hi-C reads, and over 80x Bionano optical maps from a single female. Sequencing was 
carried out at the Vertebrate Genome Lab in Rockefeller University. Genome assembly was carried out in line with VGP 
(Vertebrate Genome Project) and B10K (Birds 10k Genomes Project) standards, two world-wide scientific endeavors 
which aim at sequencing and assembling the genomes of every vertebrate species on Earth. We used Hifiasm assembler 
in Hi-C haplotype phasing mode and performed both optical map scaffolding (Bionano’s Solve) and HiC scaffolding 
(Salsa2). Manual curation was carried out with Hi-C remapping and the edition of contact maps with the Pretext-suite. 
We also assembled the mitochondrial genome with MitoHiFi. The final assembly of the Harpy eagle genome is 1.33 Gb 
long, divided into both sex chromosomes (Z and W) plus 24 macro-chromosomes and 4 micro-chromosomes. Repetitive 
sequences in the assembly were annotated with a comprehensive TE annotation pipeline (EDTA) and represent 14.7% of 
the genome (6% transposable elements and 8.7% simple repeats). The most abundant TE family annotated is the Gypsy 
super family. We also annotated TEs and repeats in 9 other Accipitriformes and 2 Cathartiformes (with 2 and 1 genomes 
at the chromosome level, respectively). We will align the chromosome-level assemblies to infer chromosome breaks 
along the evolution of these monophyletic orders. The analysis of transposition events close to chromosome breaks will 
allow us to assess the impact of TE activity on the evolution of Accipitriformes through chromosome reshuffling. 
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Abstract: 
The ichthyofauna of the Caatinga presents a high diversity of species adapted to live in semi-arid conditions. Among 
this diversity are the hypoptopomatine mealworms of the genus Parotocinclus Eigenmann & Eigenmann, which are 
highly specious in the basins of Northeast Brazil. Several morphological and molecular studies have demonstrated the 
non-monophylletism of the genus, as well as several taxonomic problems, such as the Parotocinclus jumbo, with a type 
locality in the Paraíba do Norte River basin, one of the few to present a wide geographic distribution in the region, do 
not have a common origin with congeners, in addition to the possibility of being a complex of species. Thus, in this 
work we seek to resolve this question through molecular analysis of mitochondrial DNA from P. jumbo from six of the 
eight basins in which it occurs. Specimens were collected along its known distribution and tissue samples were taken 
for DNA extraction and to obtain sequences of the mitochondrial cytochrome c oxidase subunit I (COI) gene, using the 
markers L5698-ASN and H7271-COI. From the alignment of the sequences, a maximum likelihood analysis was per-
formed using 94 specimens representing the subfamily Hypoptpomatinae. For this analysis, 534 base pairs (bp) of the 
COI gene were used, to use the largest number of species of the subfamily available in GenBank and thus have a better 
understanding of the phylogenetic position of P. jumbo within the subfamily. The other analysis involved 30 nucleotide 
sequences of the COI gene from P. jumbo and other Parotocinclus species that occur in the Northeast region of Brazil, 
with 1,024 base pairs (bp) in the final dataset. A Bayesian inference was performed, and the lineage divergence time was 
calculated, after which five lineage delimitation analyzes were performed. The results demonstrate the monophyly of P. 
jumbo within the subfamily and the delimitation analyzes divided the group into five lineages, indicating four potential 
new species with a divergence time between them of 2 to 6 million years. Then, from the information obtained in this 
study, we propose the description of a new genus with four new species to be described, geographically isolated, some 
occurring in basins involved in the transposition project of the São Francisco River and that need an evaluation in rela-
tion to the degree of threat they are. 
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Abstract: 
Cichlid fishes are important model organisms in evolutionary biology due to their rapid speciation dynamics. Although 
chromosomal evolution is fundamentally linked to the origin of reproductive isolation, cichlids exhibit chromosomal 
stability. Few rearrangements have been described in nearly 50 mya of divergence between African and Neotropical 
lineages, and the processes that have led to the change in chromosome number (2n = 44 and 48, respectively) are un-
known. The existence of small-scale rearrangements, such as inversions that might hamper gene flow, is still unknown 
since the current hypotheses are based largely on cytogenetic data. Furthermore, investigations on cichlids genomics are 
heavily based on African lineages and a thorough comparison between Neotropical and African cichlid genomes has still 
not been undertaken. Here we take advantage of recent chromosome-level assemblies to provide additional insights on 
how these organisms diversify, test the role of structural variation in speciation and describe genomic evolution across 
the different timescales and radiations. We compared the genomes of two Neotropical cichlids, Crenicichla regani and 
Amphilophus citrinellus, with the genome of an African cichlid, Oreochromis niloticus. The genome of a male C. regani, 
the first South American cichlid to be entirely assembled at chromosome-level, was generated in partnership with the 
Vertebrate Genome Project (VGP). A. citrinellus and O. niloticus genomes were retrieved from previous studies. The 
contiguity of the new C. regani assembly was tested in the GenomeQC website, resulting in 40 scaffolds representing 24 
chromosomes and genome size of 757 Mb (N50 = 32.4 Mb). Then, whole-genome alignments were produced between 
the three genomes and the results were visualized with dotplots. This analysis showed an elevated conservation between 
genomes. It was possible to infer that the African-Neotropical change in chromosome number is due to two fusions/
fissions involving chromosomes 7/21 and 23/24 from Neotropical species corresponding to chromosomes 7 and 24 from 
African species. In general, intrachromosomal rearrangements, such as inversions, were frequent in all comparisons and 
no major duplications were noticed. As expected, due to their more recent divergence time, higher level of conservation 
was seen between C. regani and A. citrinellus (approximately 42% of the genomes displayed 25-50% identity). These 
genomes were differentiated by a single interchromosomal rearrangement (involving the chromosomes 1 and 11) and 
multiple chromosome inversions. Moreover, several chromosomic regions with known adaptative traits in A. citrinel-
lus, such as sex determination (chr4), lip morphology (chr24) and gold phenotypes (chr11), where rearranged in the 
comparison with C. regani. In conclusion, these results support the idea of genome conservation at chromosome level, 
but frequent intrachromosomal rearrangements. We highlight hotspots of structural variation that should be further in-
vestigated, as they can help to understand the genomic modifications behind the elevated diversity and rapid speciation 
of cichlid fishes.
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Abstract: 
The diversity of mammals in the world is represented mainly by rodents. Rodents are commonly known as hosts of 
zoonotic pathogens, but they also play important ecological roles in the environment. The rates of environmental degra-
dation and spread of zoonotic diseases have been increasing in the last decades, so it is quite urgent to characterize the 
biodiversity - especially those taxa with complex taxonomy, such as rodents. Euryoryzomys encompasses species with a 
wide distribution in South America from open areas to tropical forests, and areas with high rates of deforestation as well. 
These wild rodents are known to host zoonotic pathogens such as the bacterium that causes bubonic plague (e.g.Yersinia 
pestis) and hantaviruses (genus Hantavirus). It has been difficult to establish species limits of Euryoryzomys. Currently, 
six species are formally described, with a high level of morphological similarity. Cytogenetically, the diploid number 
in those species ranges from 2n=58 to 2n=80 and the genus has different species with the same diploid number, and 
the same species with more than one diploid number. Molecular phylogenies and cytogenetic information combined 
with morphological data have indicated that species complexes may exist in Euryoryzomys. The present study aims to 
investigate the diversity and evolution of Euryoryzomys. We propose to reconstruct phylogenies and, for the first time, 
estimate divergence times using all the Euryoryzomys’ species. We used partial sequences of mitochondrial (cyt-b and 
coxI) and nuclear (IRBP) genes and some sequences from GenBank, totalizing 268 individuals from 120 localities. Hy-
laeamys, Oecomys, Transandinomys and Zygodontomys composed the outgroup. Phylogenies were reconstructed with 
Bayesian and Maximum-Likelihood inferences. Divergence times were estimated using fossil data from the subfamily 
Sigmodontinae. CoxI and the concatenated sequences recovered Euryoryzomys as monophyletic, while the other phy-
logenies recovered the genus polyphyletic in relation to Transandinomys. E. macconnelli was recovered as the sister 
species to the other species of the genus. Close relationships were recovered between E. emmonsae and E. russatus, and 
between E. lamia and Euryoryzomys sp. from Serra de Baturité, Ceará, Brazil. Phylogenies with mitochondrial markers 
indicated that E. emmonsae and E. macconnelli may represent species complexes. Phylogenies showed similar patterns 
of species limits that were found in cytogenetic, morphological and geographic distribution data. E. legatus was recov-
ered nested within the E. nitidus clade, resulting in paraphyly of the latter. The origin of the common ancestor of the 
genus was estimated in the Miocene, older than previous hypothesized, and the diversification of the species occurred 
mainly during the Plio-Pleistocene. Hydrological and geological processes and forest refugia may have influenced the 
diversification of the genus in South America. The contact of humans with wildlife has increased due to human activities 
(e.g. deforestation and habitat fragmentation). Consequently, the greater the contact between humans and wildlife, the 
greater the rate of transmission of zoonotic diseases. Thus, the characterization of rodent species - which may (or may 
not) be hosts of zoonotic pathogens - is key to minimizing diseases of zoonotic origin and preventing future endemics 
and pandemics. 
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Abstract: 
The HLA gene polymorphism enables the presentation of antigens from multiple pathogens to T cells. However, it also 
hinders the search for organ and hematopoietic stem cell donors for transplantation. Because of that, HLA genotyping is 
routinely performed but focuses on exons 2 and 3, which code the peptide-binding cleft (PBC). We aimed to characterize 
the variability of HLA-A and HLA-B intronic regions. We analyzed 6462 HLA-A and 2060 HLA-B DNA sequences from 
voluntary bone marrow donors genotyped at the Laboratory of Immunogenetics and Histocompatibility (LIGH/UFPR). 
Complete and single-phase sequences obtained by NGS were fragmented according to the IMGT annotation of exon and 
intron positions. Allele frequencies and the frequency of variable positions (substitutions or indels) at each region were 
obtained by direct counting. Tajima’s D test was performed to investigate neutrality. We identified 126 HLA-A and 153 
HLA-B alleles that share a limited number of different sequences in each region. As expected, the highest number of dif-
ferent sequences for both genes were exons 3 and 2. The number of exon sequences exceeds the neighboring intron ones 
in regions 2, 3, and 4, while other regions (1 and 5 onwards) exhibit more sequences in each intron than the respective 
exon. The intronic regions with the highest number of different sequences were 2 and 3, despite the 3 being twice as long 
as 2. Interestingly, regarding the percentage of variable positions, the highest were intron 1 and exon 2 for both genes, 
but in HLA-B, exon 2 is followed by intron 1. For HLA-A, we found evidence that exons 2 and 3 are under balancing 
selection, as introns 1, 5, and 7. However, intron 2 - which is localized between PBC coding exons - was not. We cannot 
rule out neutrality for HLA-B introns, but we analyzed fewer HLA-B sequences than HLA-A. Therefore, this data shows 
that introns variability is not uniform along with the HLA-A and HLA-B genes. Our results confirm that the highest vari-
ability in HLA coding regions is restricted to PBC exons, but the introns show a different pattern of variability
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Abstract: 
B chromosomes are additional genomic elements found in many eukaryotes. These elements are not essential for in-
dividual’s survival and are known for their selfish parasitic nature. Despite its main composition of repetitive DNA, 
genomic studies in the last years allowed the identification of several protein-coding genes in these elements. In the fish 
genus Psalidodon, at least eight species display B chromosomes, with a wide variety in size and morphology. Previous 
high-throughput analyses identified and described 20 genes in the metacentric B chromosome (BM) of P. scabripinnis 
and P. paranae, revealing their common origin at approximately 4 million years ago. In addition, some of these genes 
were also identified in the B chromosomes of other Psalidodon species by quantitative PCR. However, their structure 
has remained unexplored until now. The present study aimed to assess the presence and structure of the 13 genes de-
scribed for P. paranae and P. scabripinnis in two metacentric B chromosome variants (BfMa and BfMb) of P. fasciatus 
and one metacentric variant in P. bockmanni (BbM) to test their possible common origin and identify the evolutionary 
changes between them. Animals with each of the B-variants (BfMa, BfMb, and BbM) were collected from different pop-
ulations in São Paulo state, Brazil. DNA samples from three 0B and three 1B individuals of each population were sent 
for high-throughput short-read sequencing. After quality and adapter-trimming, we performed read mapping of each 
library to the 13 protein coding gene sequences with SSAHA2 software. Using custom scripts, the number of mapped 
reads was counted and coverage graphs were plotted. Based on coverage differences between 0B and 1B libraries in 
each population, we detected the presence and structure of the genes in the B chromosome variants. Among the ana-
lyzed genes, 10 are present in both BfMa and BfMb variants, each one presenting one exclusive gene, while BbM variant 
presents nine genes. Irregular coverage patterns (truncated or segmental amplification) were observed for several genes, 
which suggests pseudogenization events. These results underpin the hypothesis that the metacentric B-variants found 
in Psalidodon genus share a common origin, given their high similarity of gene content. Thus, the observed differences 
in gene structures among the variants indicate that, besides their common origin, each one followed different and in-
dependent evolutionary pathways. It is noteworthy that even within a single species these chromosomes were able to 
diversify, as evidenced by the presence of exclusive genes in BfMa and BfMb variants of P. fasciatus. Despite several 
genes having a distinct irregular coverage pattern, at least five of them (cia30, g2e3, msh4, nusap1, and rnf17) showed 
a highly conserved structure among all B chromosome variants analyzed in the Psalidodon genus. In this context, we 
speculate that these genes might play or had played a crucial role in the evolutionary success of these chromosomes, 
mainly considering that the g2e3, msh4, and nusap1 genes are involved in cell cycle functions. These findings strongly 
suggests that, with the proper set of genes, B chromosomes can survive throughout several generations and give raise 
to variants in different species. 
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ANALYSIS OF THI1 GENE REVEALS MOTIFS THAT BRING CLUES  
OF ITS EVOLUTIONARY HISTORY IN ARCHAEA AND EUKARYA
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Abstract: 
Thiamine thiazole synthase (THI1) is the only gene that encodes for the synthesis of the thiazole ring in Eukarya and 
play a central role in both mitochondrial and plastid thiamin biosynthesis in fungi and plants, respectively. However, a 
large proportion of plant THI1 remain functionally uncharacterized, and their evolutionary history remains elusive. The 
availability of multiple genome sequences allows the retrieval of putative THI1 homologous allows us to investigate 
THI1 genes from an evolutive perspective. A search Phytozome v13, PLAZA, and Ensemble databases based on Blastp 
and HMMER was performed with the Arabidopsis THI1 (AT5G54770) protein as input sequence followed by retrieving 
the genomic region containing partial sequences were not considered if shorter than 80% coverage of the THI4 func-
tional domain when compared to A. thaliana THI1 (AtTHI1, 233 aa) and S. cerevisiae (ScTHI4, 255 aa). Sequences 
were aligned using MAFFT version 7.0 and we used SMS to estimate the most suitable amino acid substitution model 
for the THI1 protein dataset (VT + G + I) under the Akaike Information Criterion. The topology of three was determined 
by Maximum likelihood phylogenetic analysis using PhyML 3.0. The branch support was calculated by aLRT SH-like 
method. The signal peptide analysis was performed using TargetP. The TPP-riboswitches sites were identified using 
Rfam for each sequence. In the present study, 708 putative THI1 were identified from 32 Archeae, and 676 Eukarya (428 
Fungi, 13 Oomycota, 2 Alveolata and 233 Plantae). Based on phylogenetic analysis, THI1 proteins were grouped into 
five major clades (Archaea, Oomycota, Embryophyte, Chlorophyte and Fungi). Our analyzes reveal that the N-terminal 
region of the protein shows more accumulation of non-synonymous substitution than any other region. This feature has 
given this region a potential use for barcoding between organisms and clades. In order to understand the consequences 
of this high variability of amino acids at the N-terminus of the protein, we sought to identify a possible targeting signal. 
For such, we selected at least two organisms from each clade with good genome curation and annotation quality for 
inferences. Our results show a clear distinction between organisms through the targeting to cellular compartments main-
ly within the Eukarya group. Targeting signal for mitochondria (Oomycota and Fungi) and chloroplasts (Chlorophyta 
and Embryophyte) were identified. As expected, no known targeting signals were detected in the N-terminal portion 
of organisms representing Archaea. Although a somewhat conserved signal peptide to cell compartments is preserved 
between species of the same group, the amino acids in this region are still very variable. Conservation is given at struc-
tural level. Given the importance of the thiamine pathway in plants, we further investigated this group. In addition to the 
structural aspect of the protein, we confirmed that TPP-riboswitch regulatory elements in the THI1 transcript are absent 
in seed plants, while seedless plants show post-transcriptional double regulation in both precursors of the thiamine path-
way (THI1 and THIC). This study presents a thorough overview of eukaryotes THI1 gene with a focus on land plants 
and provides informative clues for the functional characterization of plant THI1.
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INTROGRESSION AND COX COMPLEX: DIVERSITY IN POPULATIONS  
OF THE CACTOPHILIC SPECIES OF DROSOPHILA
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Abstract: 
Co-adaptation at the molecular level can be defined as selection for positive intergenomic interactions. Despite having 
consequences of particular interest, especially in the context of hybridization of related species, there are few models 
for its study. Populations of Drosophila gouveai, from Analândia-SP locality, are characterized by having mitochon-
drial DNA of the closely related species D. antonietae, both belonging to D. repleta group, leading to the elaboration 
of the hypothesis of past secondary contact with hybridization and introgression of this molecule in D. gouveai. Thus, 
these populations were considered an interesting and promising model to investigate intergenomic interactions and 
co-introgression of mitochondrial and nuclear genes associated with the complex IV of the electron transport chain, 
also known as COX complex. The objective of this work was to evaluate the mitochondrial gene COI (Cytochrome C 
Oxidase Subunit I) and the nuclear gene CoVa (Cytochrome C Oxidase Subunit 5A) in populations of D. gouveai from 
Analândia-SP, Ibotirama-BA and Pirenópolis-GO and in populations of D. antonietae from Sertãozinho-SP and Salto 
Santa Rosa-PA, to investigate evidence of co-introgression or selection. We used 122 COI sequences (556 bp) and 18 
CoVa sequences (393 bp) from D. antonietae and D. gouveai. The sequences were aligned with the Clustal W Multiple 
Alignment v. 1.8 and the haplotypic networks were generated in the Haplotype Viewer. We found 33 haplotypes for the 
COI gene and 4 haplotypes for the CoVa gene. The result of the COI haplotypic network indicates that individuals of 
D. gouveai from Analândia-SP have a single haplotype that is shared with D. antonietae, but not with other populations 
of D. gouveai. This result suggests introgression between populations of these species, which could possibly have oc-
curred at the Last Glacial Maximum (LMG), since modeling data indicate that there were regions of sympatry between 
D. gouveai and D. antonietae during that period. For the CoVa gene, the network shows that individuals of D. gouveai 
from Analândia-SP do not share haplotypes with both D. antonietae and D. gouveai. This preliminary result suggests the 
hypothesis of introgression and selection, since the COX complex is a system that depends on the reciprocal interaction 
between mitochondrial and nuclear genomes. However, the analysis of a greater number of individuals is still necessary 
to support this hypothesis.

Palavras-chave: Introgression ; COX complex ; Drosophila ; ; 

Support / Acknowledgment 
FAPESP, CAPES, Process PNPD-CAPES 88882.317598/2019-01 for DYBL, USP.

524

GENÉTICA 
EVOLUTIVA



MOLECULAR EVOLUTION OF PORIFERA WNT GENES
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Abstract: 
A major factor involved in Metazoa evolution and diversity is the presence of developmental genes related to axis pat-
terning. The WNT pathway, among other roles, is related to anterior-posterior axis patterning, especially in non-bilate-
rians. WNT genes are restricted to animals, being an interesting target to understand animal bauplan evolution. Porifera 
comprises the most ancient living animals, being characterized by a simple bauplan, but with genomes that are more 
complex than expected. It is already known that sponges do have WNT genes (and other components of the pathway), 
but little is known about the evolution of these genes in the phylum. Understanding the evolution of WNT genes in 
sponges is therefore a crucial step to comprehend animal evolution. In this study, we aimed to investigate the molecular 
evolution of WNT in sponges, questioning (i) the distribution and grouping of these genes, (ii) the presence of gene 
family expansions/contractions, and (iii) the form and intensity of selection shaping these genes. From publicly avail-
able data in GenBank and EMBL, we constructed a phylogenetic tree with nucleotide (codon) sequences for all WNT 
genes with PhyML. After this, we tested gene-wide selection along the tree, episodic selection at individual sites, the 
presence of positive selection at individual branches, relaxation or intensification in selection pressures along a speci-
fied branch with BUSTED, MEME, aBSREL, RELAX, respectively. We retrieved 81 WNT homologs for 22 species in 
three out of the four classes of Porifera (Hexactinellida lacks this gene), representing 09 orders. Calcarea exhibited the 
largest number of WNT copies (21), followed by Demospongiae and Homoscleromorpha (1-3 per species). Based on 
tree topology and strong branch support (bootstrap > 0.8), we identified seven major groups of Porifera WNTs, named 
W1-W7. W6 is shared among all three classes of Porifera, indicating an early origin for this gene group. W3-W5 are 
shared among more distantly related classes (ex.: Demospongiae and Calcarea) while lacking in sister-groups, suggest-
ing also an earlier origin followed by loss in specific lineages. W1 is present in the sister-groups Calcarea and Homo-
scleromorpha, suggesting that this WNT group evolved prior to the diversification of this sponge clade. Groups W2 and 
W7 are class-specific to Homoscleromorpha and Demospongiae, respectively. Molecular evolution analyses identified 
gene-wide, site-specific (18 sites) and branch-specific (3 out of 158 tested branches) evidence of positive/diversifying 
selection. In addition, differences in selective constraints were identified among WNT groups: selection is intensified 
in W6, whereas group W7 experiences a relaxation of selection. Selection intensification may indicate instances where 
a gene is being more strongly conserved (by purifying selection) or more efficiently accumulating advantageous muta-
tions (by positive selection). Conversely, relaxation indicates a process where selection is not as strong to shape newly 
arisen mutations, which, in some cases, can result in pseudogenization. Based on our data, we classified seven Porifera 
WNT genes groups, demonstrating an ancient expansion of these genes, but also new divergence in the class Calcarea 
(W6), and Demospongiae (W7).
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REVISING LEPIDOPTERA GENOMES TO INVESTIGATE EVOLUTION OF TRYPSIN  
AND CHYMOTRYPSIN GENES
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Abstract: 
Lepidoptera is a very diverse insect order that includes moths and butterflies. Many of its representatives are econom-
ically or ecologically important and can be both agricultural pests or pollinators. For these insects, trypsin and chymo-
trypsin-type serine peptidases are essential for dietary protein digestion. However, in herbivorous species, these en-
zymes can be harmed due to the action of peptidase inhibitors produced by plants. Gene copy number expansion events 
may be a molecular mechanism used by lepidopterans to evade the action of peptidase inhibitors. Major gene expansion 
events in trypsins were identified in the Noctuidae family and may explain the resistance of these insects to the ingestion 
of plant peptidase inhibitors. Here, we investigated the occurrence of trypsin and chymotrypsin gene expansion events in 
all well-cured lepidopteran genomes available to date. We obtained the predicted proteins from 22 Lepidoptera genomes 
deposited in the NCBI’s RefSeq Genome database. Proteins that presented a trypsin domain were identified by BLASTp 
alignment against a database of trypsins and chymotrypsins obtained from UNIPROT/Swiss-Prot. The sequences ob-
tained in this step were then filtered by the presence of a trypsin-like domain (PFAM ID: PF00089.29) and the absence 
of other recognized domains by a HMMER search against the PFAM-A database. The selected sequences were aligned 
to bovine chymotrypsinogen (UNIPROT ID: P00766), using the MAFFT software and filtered for the presence of the 
three residues that make up the active site of these enzymes (His57, Asp102, and Ser195, numbered according to the 
bovine chymotrypsinogen). Putative trypsin sequences were identified by the presence of an aspartate residue at position 
189 while the other sequences were considered putative chymotrypsins. Among the 22 analyzed species, there are moths 
of three families: Bombycidae (1), Sphingidae (1), and Noctuidae (4), and butterflies of four families: Lycaenidae (1), 
Nymphalidae (8), Papilionidae (2), and Pieridae (5). The genomes with the greater number of putative trypsin and chy-
motrypsin genes were those of the moths of the families Noctuidae: Spodoptera frugiperda, Trichoplusia ni, Spodoptera 
litura, and Helicoverpa zea and Sphingidae (Manduca sexta), with 110, 78, 81, 79 and 85 putative trypsins and 73, 62, 
60, 49 and 77 putative chymotrypsins, respectively and those of the butterflies Pieris rapae e Pieris napi, with 66 and 
65 putative trypsins and 76 and 70 putative chymotrypsins, respectively. Notably, a third species of the genus Pieris, 
Pieris brassicae, has a number of genes annotated as putative trypsin and chymotrypsins significantly lower (58 and 46, 
respectively). Together, these results demonstrate that expansion events in the number of genes coding for trypsin and 
chymotrypsin enzymes may have occurred independently in different groups of Lepidoptera and that while moths had 
expansion in the number of trypsin genes, butterflies of the genus Pieris had expansion in the number of chymotrypsin 
genes. Notably, as for the moths of the families Noctuidae and Sphingidae analyzed in this work, butterflies also feed on 
cultivated plants, such as cabbage and further work will be conducted to understand whether this may have influenced 
the expansion events observed here. 
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Abstract: 
When reproductive isolation is not completed, interspecific gene flow may occur among lineages, leading to the for-
mation of hybrid individuals, which may promote introgression among species. Therefore, interspecific hybridization 
can contribute to the maintenance of genetic diversity among populations, allowing species diversification. Cenostigma 
(Caesalpinioideae, Leguminosae) comprises neotropical legume trees with a complex phylogenetic relationship and 
individuals with intermediary morphology among species, arising the hypothesis that hybridization contributes to its 
systematic complexity. Here we aim to test this hypothesis by investigating the speciation process between two ento-
mophilous species endemic to the Caatinga Domain in Brazil (Cenostigma microphyllum and C. pyramidale; 2n = 2x 
= 24) by quantifying the level of gene flow and the limits of these species’ boundaries. Seven nuclear microsatellites 
were designed and used to access the level of genetic diversity and structure and estimate gene flow among 91 individ-
uals distributed in six sympatric (four localized at PARNA Catimbau - PE and two at APA Serra Branca - BA) and four 
allopatric populations (from Bahia and Alagoas states) in the Caatinga. The STRUCTURE and PCA analysis sorted the 
individuals into three groups: one grouping all C. microphyllum individuals and two separating C. pyramidale individ-
uals from BA and PE. The STRUCTURE and NewHybrids analysis identified 24 putative latter generation hybrid indi-
viduals, one of them being classified as an F2 individual at PE populations and two as backcrossing with C. pyramidale 
at BA. Cenostigma pyramidale showed a higher genetic diversity (He = 0.789) than C. microphyllum (He = 0.617), and 
the AMOVA indicated a higher level of genetic diversity (74.56%) within populations of each species. Also, C. pyrami-
dale populations from BA and PE showed a moderate Fst among them (Fst = 0.117) corroborating the genetic structure 
analysis. The BayeAss analysis estimated a higher level of contemporary gene flow within (m = 0.846 - 0.980) than 
among species (m = 0.020 - 0.154). Notwithstanding, gene flow among species was asymmetrical, being higher from C. 
microphyllum to C. pyramidale in BA (m = 0.154). To investigate whether the environment could be influencing the in-
trogression among species, we tested correlations between 19 bioclimatic variables and the q index of C. microphyllum 
from STRUCTURE for each individual classified as parental species; however, no correlation was detected. Thus, we 
propose that hybridization occurs in Cenostigma, contributing to its systematic complexity, and it might be an ancient 
process given the classification of the hybrid individuals. The higher level of gene flow within than among species is 
responsible for the maintenance of species boundaries and we hypothesize that it is caused by a soil type preference of 
each species, as previously observed based on online distribution records. This preferential distribution would require 
sympatric populations associated with soil-type transitional environments to lead to the formation of hybrid zones. 
Moreover, a low and asymmetrical level of gene flow was detected from C. microphyllum to C. pyramidale, which might 
explain the higher genetic diversity of C. pyramidale populations in Bahia and its divergence.
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ALMOST THERE! A DRAFT CHROMOSOME-LEVEL GENOME ASSEMBLY  
AND TRANSPOSABLE ELEMENTS CHARACTERIZATION OF A NEOTROPICAL  

BROMELIAD SPECIES DISTRIBUTED THROUGH AN ALTITUDINAL CLINE
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Abstract: 
Local adaptation may lead to populational divergence and culminate in an ecological speciation. This process is guided 
by divergent selection acting on different alleles (or genes), but some studies have identified different accumulation of 
specific transposable elements (TE) lineages under different ecological pressures. Pitcairnia flammea (2n = 2x = 50, 
Pitcairnioideae, Bromeliaceae) is an alogamous plant found in high and low altitudes in the Brazilian Atlantic Forest 
mountains, showing phenotypical traits associated with altitudinal cline. In this study, we aim to (I) assembly two draft 
genome of P. flammea using two individuals (RAN - sea level; MAR - 2000 m above sea level) and (II) characterize 
their TE content to give insights about the genomic basis of local adaptation of this plant. The genome size of nine P. 
flammea individuals distributed in the altitudinal cline was estimated by flow cytometry. The genomic DNA of two 
individuals of P. flammea was isolated and sequenced on a PacBio HiFi platform. Illumina sequencing was performed 
to obtain Omni-C reads to help the scaffolding of the RAN’s genome. The Hifiasm and YAHS software were used for 
assembly and scaffolding, and genome quality was measured by BUSCO, Merqury and QUAST software. The EDTA 
and DANTE software were used to detect and characterize intact TE lineages. The individuals of P. flammea showed a 
genome size 1C = 0.545 pg and no variation was observed among them (CV = 4.9%, var = 0.2%), however this value 
is lower than previously described for the species. A total of 32.25 Gb and 27.35 Gb (48× and 39× coverage) of PacBio 
HiFi sequences were generated for RAN and MAR, respectively, and 37.12 Gb (52× coverage) of Omni-C reads were 
generated for RAN. The assembled genomes showed a 1C = 503 - 524 Mb. MAR genome showed 409 and 766 contigs 
with N50 of 4.2 and 4.5 Mb to each haploid set. After the scaffolding, the RAN genome showed 655 and 1745 scaffolds 
to each haplophase, a N50 of 17.8 and 18.2 Mb, L50 of 12 and 13 scaffolds and the largest scaffold comprising 25.0 
- 31.4 Mb in size. Both genomes showed a ~98% of completeness, recovering ~98% and ~93% of genes from Embrio-
phyta and Lilliopsida, respectively. TEs constitute around 63.93% - 65.45% of RAN and MAR’s genome, respectively. 
LTR composes around 46.3 - 46.58% of each genome, being the Class-I/Ty3/gypsy/chromovirus-Tekay (58.3 - 58.8%) 
and Class-I/Ty1/copia-SIRE (10.9 - 14.9%) the most frequent lineages. Since both genome size showed no significant 
variance, we compared the proportion of each lineage among individuals. Small variations were observed, with a slight-
ly higher accumulation of Class-I/LTR/Ty1/copia/Alesia and Class-I/LTR/Ty1/copia/TAR lineages in the MAR genome 
(62.8% and 60.8%, respectively) and Class-I/LTR/Ty1/copia/SIRE lineage in the RAN genome (59.9%). Whether these 
variations are correlated with the environment must be further investigated by a whole genome resequencing approach 
after completing the assembly. Notwithstanding, we are achieving a high-quality chromosome level genome assembly 
of a bromeliad species which will allow further populational studies to access the role of the different evolutionary force 
in the maintenance of neotropical biodiversity.
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Abstract: 
Caatinga, at the North portion of the Brazilian Dry Diagonal is surrounded by the Amazon and Atlantic Rain Forests at 
its West and East boundaries and by the Cerrado at its Southern part. Caatinga presents great climatic seasonality and 
a mosaic of soil and relief conditions characterizing 9 eco-regions. This diversity of environmental conditions influ-
ences species distribution, although there are species distributed along all the Caatinga area. The aim of this work is to 
study the genetic and phenotypic variability of a widely distributed species to detect if the eco-regions are promoting 
any degree of genetic structuring. We analyzed a tarantula species, Dolichothele exilis, distributed along the Caatinga 
Biome; our samples are representative of all Caatinga eco-regions. We analyzed 92 samples for the ITS2 markers and 
46 samples for the COI marker. The phenotypic analysis focused on the color patterns of the abdomen. Both genetic 
markers showed high haplotype and low nucleotide diversity, with one haplotype group occurring in most of the sam-
ples. No genetic structuring was detected. The star-shaped haplotype networks and neutrality test (Tajima’s D and Fu’s 
Fs tests with negative values) suggest recent demographic expansion of the species in the biome. The phenotypic anal-
ysis showed differences mainly on individuals at the edge of the distribution. Further steps will test the effectiveness of 
putative barriers acting in structuring the genetic variation. 
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Abstract: 
The incorrect disposal of human waste in the aquatic environment has direct consequences to that ecosystem, causing 
behavioural and morphological changes in organisms, in community structure and species richness. It may also act as a 
selective agent, but little is known about the adaptation of natural populations to those pressures. Bivalves are one of the 
most widely used bioindicator models in studies of pollution impact because they have a wide distribution and are filter 
feeding. In this work, we evaluated the signs of natural selection in populations of the oyster Crassostrea rhizophorae, 
widely distributed along Brazilian coast, including sites with high levels of anthropogenic influence. To this end, we 
applied a 3RAD genomic sampling methodology, derived from RADseq, to obtain SNP loci and markers. Samples (n 
= 224) were collected in environments with contrasting pollution levels in both Santa Catarina (SC) and Rio de Janeiro 
(RJ), that acted as experimental duplicates. The reference sites were Caieira Beach (SC) and Gipoia Island (RJ), and 
polluted sites were the mouth of the Bucheller river (SC) and Zumbi Beach (RJ). High molecular weight DNAs were 
digested with the enzymes EcoRI, MspI and ClaI, and the library was sequenced on an Illumina NextSeq 550 platform 
with a 150-cycle, paired-end kit. After filtering, 76,865,456 reads were obtained, resulting in 9666 loci, of which a total 
of 6917 SNPs were used in outlier detection and population analyses. Heterozygosity levels ranged from 0.201 to 0.219 
at polymorphic loci, and 0.002 considering all loci. The populations showed a low degree of differentiation, with FSTs 
ranging between 0.0141 (between the most polluted regions of RJ and SC) to 0.0204 (between the unpolluted regions 
of RJ and SC). Some loci showed levels of differentiation between polluted and unpolluted areas above those expected 
by chance. Analyses by the OutFLANK program detected 13 outlier loci, but none of them was shared between SC and 
RJ. Contrastingly, the pcadapt program detected a total of 99 loci with higher than stochastically expected differentiation 
(outlier) of which four were detected between polluted and unpolluted areas both in SC and RJ, which makes them good 
candidates for pollution selection. Two of those four outlier loci appear to encode proteins related to the Wnt and Hedg-
hog pathways. Based on those results, we conclude that there seems to be some selection in relation to sewage pollution, 
but further analyses are needed, both in annotation of the selected loci over the genome of the species, which is under 
construction, and, by analyses of those loci by direct translocation and common-garden experiments.
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MITOCHONDRIAL COMPLEX IV GENES EVOLUTION IN LAMIALES WITH EMPHASIS 
ON CARNIVOROUS PLANTS OF THE LENTIBULARIACEAE FAMILY
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Miranda5 
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Sciences, Department of Biology, Laboratory of Plant Systematics, Campus Jaboticabal

Abstract: 
Lentibulariaceae is a carnivorous plant (CP) family that can present high respiratory rates in the traps. This process 
could be due to genetic mutations in the Complex IV family genes, for example the cytochrome c oxidase I genes 
(cox1), which could affect the respiratory chain altering the protein structures and functionality. Within a comparative 
framework, we examined complete nucleotide (nt) and amino acid (aa) sequences of COX genes (cox1, cox2, cox3) in 
Lentibulariaceae lineages and closely related species within the Lamiales order. The gene sequences were obtained from 
the Illumina MiSeq sequencing of carnivorous Genlisea and Utricularia species (32 taxa). Other Lamiales (16) were 
retrieved from the GenBank database and represented seven families. The sequences were aligned using Muscle Codon 
with manual adjustments and translated to amino acid within Mega-X. The evolutionary model and the analysis of ul-
trafast bootstrap of 1,000 replicates were estimated with the IQ-Tree. Phylogenetic analysis with Maximum Likelihood 
inference for each gene was performed using the CIPRES platform with visualization and editing of the trees in iTOL. 
Geneious Prime program was used to characterize genes structure and content. Although highly conserved, COX genes 
showed exclusive mutations within CPs and together can indicate different evolutionary trends. In cox1 the CPs contain 
nine additional nt that encode a Leucine-243 and two more Glutamines-244/245, which is reflected in a longer sequence 
length between 1,587 to 1,593 bair pairs (bp) than in other Lamiales species with 1,473 to 1,584 bp. Cox2 with 768 to 
1,011 bp shows significant polymorphisms among all analyzed lineages. Overall, the cox3 has a conserved structure 
with 798 bp totaling 266 aa, it reveals mutations at positions 25-27 encoding Phenylalanine in Genlisea-Utricularia 
when all Lamiales encode Tyrosine at the same position and this points to another evolutionary factor that occurred in 
Lentibulariaceae. The gene trees are congruent with the dynamism presented in the three genes and confirm the mono-
phyly of the sampled botanical families where also in cox1 the CPs have long branches, especially in Utricularia genus. 
Altogether, these mutations in aa may be involved in carnivory and the rapid adaptive radiation of this group with a 
peculiar lifestyle in diverse environments. The results of this study underscore genetic mutations in the mitochondria of 
plants with a peculiar way of life such as carnivorous plants.
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LIVING BEINGS ARE PROTEIN SYNTHESIS SYSTEMS BASED  
ON THE SELF-REFERENTIAL GENETIC CODE

Romeu Cardoso Guimarães1 
1. Universidade Federal de Minas Gerais

Abstract: 
Introduction. The genetic code maps the correspondences between amino acids and the symmetric set of mRNA co-
dons, utilized for construction of gene and protein sequences, and for decoding by 46 tRNA anticodons. Triplets are 
asymmetric: a principal dinucleotide (pDiN, the initial encoded portion) and the wobble position (also encoded in mul-
tiple-meaning boxes). The anticodon set is also asymmetric: absent wobble base A, absent termination triplets, added 
Initiation-Met-tRNA. Twenty aminoacyl-tRNA synthetases charge the cognate tRNAs. Objective. The model utiliz-
es couples of tRNAs (paired at anticodons) as proto-ribosomes, mimicking the couples of ribosomal tRNAs. Protein 
products of the pairs bind the producer tRNAs generating RNPs that evolve into synthetases and ribosomal proteins, 
thereafter other activities. Materials and methods. Various informations are conjoined. ?Synthetases encode initially the 
homogeneous pDiN sector (bRR:bYY; b=not-A), then the mixed pDiN (bRY:bYR). ?In a sector, initially the central 
G:C pDiN then the central A:U. Central base pairs are of this strict kind; lateral base pairs allow for 5´ R:Y wobbling. 
?Amino acids preferred in RNA- and DNA-binding motifs, and in ?in the secondary structures of proteins (disordered, 
helices, strands/sheets). ?Metabolic pathways start with the Reductive Acetyl~CoA that fixes carbon, conserves energy, 
generates Glycine and progresses to Serine. Deamination to Pyruvate generates Alanine (thereafter Val and Leu) that is 
carboxylated to Oxaloacetate and transformed to Aspartate. Gluconeogenesis opens the way to the Pentose-Phosphate 
pathway, containing the tetrose precursor to Phenylalanine. Oxaloacetate starts the Citrate Cycle where αketoglutarate 
generates Glutamate which derives Proline, Lysine (this may also come from Aspartate) and Arginine. ?Initial encod-
ings are of hydroapathetic amino acids, not correlated with the pDiN hydropathies. Correlation starts with the rise 
of RNA, highlighted by the basic amino acids. ?N- and C-end degron pathways start the organization of sequences. 
Results and discussion. Chronology says of an initial ribonucleoprotein (RNP) realm, later the DNP, and autotrophic 
origins, consistent with Bill Martin´s proposition. Central metabolism is nearly complete in the homogenous sector. 
N- and C-end degron pathways indicate that homogeneous sector builds a genetic string, with metabolically stable 
N-end of proteins; N-end destabilizing amino acids make the C-ends. Members of pairs of anticodons form a linear 
chain: Gly-Ser-(Ala transient)-Leu-Asp-Asn-Phe-Glu-Pro-Lys-Arg. In the mixed pDiN sector: bRY codes added to the 
N-ends of the sequences that were built by the RNP codes (Gly-Ala-Thr-Val-Ile-Met); bYR codes added to the C-ends: 
Arg-Cys-Trp-His-Gln-Tyr. References. Self-Referential Encoding doi:10.3390/life7020016; RNA-Binding Proteins 
doi:10.1016/j.molcel.2020.03.011; Acetyl CoA Pathway doi:10.3389/fmicb.2020.00817; Couples of tRNA analogs at 
the Peptidyl Transferase Center PTC doi:10.3390/life12040573; Pairs of tRNA analogs with peptidyl-transferase activ-
ity doi:10.1038/s41586-022-04676-3; tRNA ancestral sequence concatemers with homology to the PTC doi:10.3390/
life10080134. Key-words: Origins of life, Genetic code, Self-reference, Anticodon pairs, N-C-end degrons
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PHYLOGENOMICS OF UTRICULARIA (SECT. UTRICULARIA: LENTIBULARIACEAE):  
A POSSIBLE TALE OF RETICULATION OF A COMPLEX CARNIVOROUS PLANT GROUP
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Plant Molecular and Cellular Biology Laboratory, The Salk Institute for Biological Studies

Abstract: 
Carnivory in plants arose in different angiosperms lineages, with Lentibulariaceae as one of the largest family, repre-
sented by the genera Pinguicula, Genlisea and Utricularia. Genlisea and Utricularia have the highest rates of nucleotide 
substitutions within angiosperms, which can be related to the high respiration rate resulting from carnivory and, also as 
consequence, to the morphological diversification of species. In addition, in Utricularia, which comprises more than 240 
species, there are modified leaves, the utricles, which allow the capture of prey and are adapted for the digestion and 
absorption of nutrients. The species of the section Utricularia are widely distributed around the world, being a contro-
versial group from the taxonomic point of view. The inter-specific phylogenetic relationships are not consensual, with 
evidence that indicates past reticulation events and hybridization. To better understand this group of plants and their 
conservation status, it is important to know their populations’ genetic diversity and compare them with the species that 
occur in South America and Europe. Thus, a reconstruction of evolutionary and biogeographic relationships for radia-
tion from Utricularia lineages can allow inferences about evolution in different environments and biomes. Therefore, 
from genomic data obtained by a robust and informative approach (Genotyping-by-Sequencing - GBS), morphological 
and geographic data, phylogenetic and phylogeographic hypotheses were achieved in order to infer the relationships 
between species and populations and their genetic diversity, which may contribute to conservation proposals. Here, we 
used the GBS approach to assess if generated SNPs data can be employed for the genotyping of two aquatic species of 
Utricularia (U. foliosa and U. gibba). For that, we used de novo approach in about five individuals of 20 populations 
of U. gibba and eight of U. foliosa sampled from Brazil and Colombia. We obtained 9,988 loci (7.37% of missing sites 
[MS]) with a sequence matrix of 423,152 nucleotides (6.02% MS) for the U. gibba dataset and 4,003 loci (19.62% MS) 
with a sequence matrix of 419,941 nucleotides (19.10% MS) for the U. foliosa dataset. According to our results, the 
populations of U. gibba and U. foliosa are in general structured, but with gene flow even between populations distant a 
few hundred kilometers. The gene flow can be explained by birds which can disperse seeds or stolon fragments during 
migration. Together, our results suggest that GBS can be used to improve taxa and population resolution as a reliable 
and cost-effective method for Utricularia genomes analyses, compared to previous studies based on Sanger sequencing, 
including species of wide worldwide distribution.

Palavras-chave: Carnivorous plants; phylogeography; phylogenomics; NGS; Genotyping-by-Sequencing
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THE ROLE OF ECOLOGICAL TRAITS ON HORIZONTAL TRANSPOSON TRANSFERS  
IN FLOWER-BREEDING DROSOPHILA SPECIES

Tuane Letícia Carvalho1; Juliana Cordeiro3; Jeferson Vizentin-bugoni3; Pedro Fonseca1; Elgion Lucio da Silva 
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Abstract: 
The dynamics of transposable elements (TEs) in eukaryotic genomes and their importance for genomic evolution has 
been increasingly recognized. TEs play an important role in genome evolution due to their ability to transpose within 
and between distinct species, especially those with spatio-temporal overlap. As a result of this mobilization, TEs pro-
duce breakpoints and genome rearrangements, being an extensive source of mutations and genetic polymorphisms, in-
fluencing the adaptative responses. Here we investigated patterns and processes of TEs driven genome evolution and its 
association with ecological traits. For this, we analyzed whether niche breadth, and ecological and geographical overlap 
are associated with the frequency of horizontal transposon transfers (HTTs) across the genomes of five flower-breeding 
Drosophila species (FBD) with different levels of specialization on flowers. Genomic DNA was extracted from males 
of D. lutzii (generalist), D. bromelioides (generalist), and D. solani (specialist). All genomes were sequenced using the 
Illumina NovaSeq platform, with a paired-end methodology. De novo assemblies for the three genomes were obtained 
in SPAdes. In addition, we also evaluated the genome of D. bromeliae published by Kim et al., (2021), representing a 
third generalist FBD, and the mobilome of D. incompta for D. incompta, a second specialist FBD. The new mobilomes 
were characterized on the Galaxy platform using the RepeatExplorer 2.0 tool. For the identification of TEs using a ho-
mology-based approach, we executed a RMBlast 2.10.0 search using RepBase database. To generate a robust input for 
HTT investigation among the five target species, we conducted homology-based searches using the different TE librar-
ies, against the draft genome of each species. The R-package VHICA was used to identify signals of HTT between the 
five FBD species, as implemented in R v. 3.6.3. To investigate potential effects in HTT rates among FBD we used the 
Müller index. This index estimates how one species (‘acting’) affects another (‘target’) of the same trophic level under 
shared interactions. For our purpose, we calculated the potential of each species (‘acting’) to influence another (‘target’) 
via HTT events detected by VHICA, using the PAC function of the bipartite R-package, resulting in an estimation of the 
potential effects between each pair of Drosophila species. We then tested if the effects can be significantly correlated to: 
(i) abiotic niche overlap, measured with Schoener’s D climatic niche overlap statistics; (ii) geographic overlap between 
species, calculated in the software ENMTools 1.0 for R; (iii) biotic niche overlap, using the classic Czechanowski index; 
(iv) niche breadth, calculated as the number of flower species used by each target species, divided by the total number 
of flower species; (v) phylogenetic signal, based on a phylogenetic tree. Our analyses revealed that HTT opportunities 
are positively influenced by abiotic niche overlap but are not associated with phylogenetic relationships, niche breadth 
and biotic niche overlap. We propose that several of the detected HTTs were driven by intermediate species in areas of 
sympatry, highlighting the role of climatic niche overlap on such events, even among distantly related species and in 
the absence of biotic niche overlap.
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EVOLUTIONARY HISTORY AND FUNCTIONAL DIVERGENCE OF THE  
ODSH SPECIATION GENE AND ITS DUPLICATE UNC-4 IN DROSOPHILIDAE 
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Abstract: 
The Odysseus (OdsH) gene was the first speciation gene described in Drosophila, associated with hybrid sterility be-
tween Drosophila simulans and Drosophila mauritiana. Its origin is attributed to the duplication of unc-4, a gene highly 
conserved in metazoans and related to neural functions. Both OdsH and unc-4 are transcription factors that encode 
homeodomains. The occurrence of this duplication has been limited to the subgenus Sophophora, however preliminary 
analyses indicated its occurrence in other Drosophila subgenera. This study had the goal to expand the search for the 
OdsH beyond Drosophila genus, in order to define the extent of its occurrence and to date the duplication event, as well 
as to characterize the molecular and functional evolution of this duplicate. Evidence of the occurrence of OdsH was 
found in the genomes of species from two tribes of the Drosophilinae subfamily (Drosophilini and Colocasiomyini) of 
the Drosophilidae family, but not in genomes from Steganinae subfamily. The Bayesian Inference used to co-estimate 
the phylogenetic relationships and the divergence time between sequences of the unc-4 and OdsH duplicates indicated 
that they form two monophyletic Drosophilinae sister clades. In agreement with the divergence estimations of the two 
subfamilies, the duplication dating allowed us to estimate its origin at 55.58 million years ago. The evolutionary rates 
of these genes indicated asymmetry, with acceleration of OdsH evolution, suggesting greater diversification of this 
gene prior to the divergence of the Drosophilinae subfamily. Through expression level comparisons of reproductive 
and non-reproductive organs in species of the Drosophilinae subfamily, as well as data obtained via quantitative ex-
pression analysis specifically for D. mojavensis, D arizonae and their fertile and sterile hybrids, we have confirmed the 
innovative expression of OdsH in testes of Drosophila, which was not observed for unc-4. Additionally, we have found 
evidences of OdsH regulation by transcription factors related to male reproduction. Functional analysis of the protein 
domains indicated that the OdsH protein shows greater divergence of the functional motifs, as well as the homeodomain 
and the octapeptide, in comparison to Unc-4. Furthermore, the divergence observed in the homeodomain can disturb the 
DNA binding energy, making the system more unstable. These characteristics allow us to suggest that the two proteins 
have different binding targets in the regulation of target genes. In this study, we reported an unprecedented way that the 
OdsH gene originated in the Drosophilinae ancestor and that it has characteristics allowing us to propose its neofunc-
tionalization in male sexual functions quickly after its origin. 

Palavras-chave: gene duplication; homeodomain; neofunctionalization; gene expression; transcription factor
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