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RESUMO 
 

A microbiota do solo, especialmente os fungos, desempenham papel central na promoção do 

crescimento vegetal e na ciclagem de nutrientes. Entre eles, Aspergillus niger destaca-se por 

seu potencial biotecnológico, contribuindo para a solubilização de fosfatos e o estímulo ao 

desenvolvimento das plantas, sendo amplamente utilizado como bioinsumo. No entanto, a 

aplicação desses microrganismos requer o desenvolvimento de estratégias que possibilitem o 

rastreamento preciso e confiável do destino e do comportamento das cepas introduzidas no 

ambiente. Nesse contexto, o presente estudo visa aprofundar a caracterização genômica de A. 

niger, com foco em microssatélites (short tandem repeats, STRs), para a identificação de 

marcadores genéticos com alto poder discriminatório entre cepas, por meio de um fluxo 

integrado de detecção, avaliação de variabilidade e validação in silico. Além de ampliar a 

caracterização desses marcadores, a estratégia proposta busca oferecer uma abordagem 

computacional eficiente, reprodutível, escalável e de baixo custo, reduzindo a dependência de 

etapas experimentais nas fases preliminares de desenvolvimento dos marcadores moleculares. 

 

 

Palavras-chave: bioinformática, biologia molecular, fungo, microssatélites, SSR, 

sustentabilidade. 
 

 



     

 

ABSTRACT 
 

Soil microbiota, particularly fungi, play a central role in plant growth promotion and nutrient 

cycling. Among them, Aspergillus niger stands out due to its biotechnological potential, 

contributing to phosphate solubilization and enhancing plant development. However, the 

application of such microorganisms requires robust strategies to enable precise and reliable 

tracking of the fate and behavior of introduced strains under environmental conditions. In this 

context, this study advances the genomic characterization of A. niger by focusing on 

microsatellites (short tandem repeats, STRs) for the identification of genetic markers with high 

discriminatory power among strains, through an integrated in silico workflow of detection, 

variability assessment and validation. In addition to expanding the characterization of these 

markers, the proposed strategy provides an efficient, reproducible, scalable, and cost-effective 

computational framework that reduces reliance on experimental procedures during the early 

stages of molecular marker development. 

 

 
Keywords: bioinformatics, molecular biology, fungus, microsatellites, SSR, sustainability. 
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INTRODUÇÃO 
 

O uso consciente do solo é fundamental para o desenvolvimento de uma agricultura 

sustentável e resiliente. O solo não é apenas um suporte físico, mas um ambiente vivo, 

dinâmico, rico em interações biológicas essenciais ao crescimento vegetal. A microbiota do 

solo desempenha papel central na ciclagem de nutrientes, na solubilização de minerais, na 

promoção do crescimento radicular e na proteção contra patógenos [1]. Valorizar e 

potencializar esses mecanismos naturais é uma estratégia indispensável frente à necessidade de 

reduzir a dependência de insumos sintéticos e preservar a saúde dos agroecossistemas.  

A engenharia do microbioma da rizosfera é considerada uma ferramenta estratégica para 

fortalecer a saúde das plantas e aumentar a sustentabilidade agrícola [2]. Nesse cenário, os 

bioinsumos microbianos, especialmente os fúngicos, ganham destaque como alternativas 

eficazes e ambientalmente seguras. Os fungos solubilizadores de fósforo representam uma 

alternativa sustentável para aumentar a disponibilidade de fósforo no solo, melhorando a 

nutrição e produtividade das plantas e reduzir os impactos ambientais da agricultura 

convencional [3]. Em particular, o fungo Aspergillus niger apresenta um potencial 

biotecnológico relevante. A aplicação de A. niger pode aumentar a disponibilidade de nutrientes 

e estimular o desenvolvimento inicial das plantas, favorecendo a produção agrícola de forma 

sustentável [4]. A distribuição espacial global do A. niger evidencia que este fungo possui ampla 

capacidade de adaptação, estando presente em praticamente todas as regiões do planeta, o que 

potencializa seu papel como ferramenta sustentável para a agricultura conforme mostrado na 

Figura 1. 

 
Figura 1. Distribuição geográfica do fungo A. niger. Mapa ilustrando a ocorrência do 
organismo em diferentes continentes, evidenciando sua ampla dispersão global. 

 
Fonte dos dados: https://www.gbif.org/. Figura: O autor. 
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A crescente utilização de microrganismos como bioinsumos na agricultura levanta uma 

questão central ainda pouco resolvida: como rastrear, de forma precisa e rápida, o destino e o 

comportamento das cepas introduzidas no ambiente. Após a aplicação, raramente se sabe se a 

cepa inoculada efetivamente se estabeleceu, se sua população aumentou ou diminuiu ao longo 

do tempo, ou ainda se desempenhou o papel esperado em condições de campo. As avaliações 

convencionais, baseadas em atributos fenológicos visuais das plantas e em testes agronômicos 

tradicionais, embora essenciais, são indiretas e não permitem distinguir com segurança o efeito 

específico da cepa aplicada frente à microbiota nativa. Essa limitação evidencia uma lacuna 

importante: a ausência de ferramentas moleculares robustas que possibilitem o monitoramento 

específico e confiável dessas cepas no ambiente, uma vez que o rastreamento de inoculantes no 

solo permanece um desafio devido à elevada complexidade da microbiota nativa e às limitações 

dos métodos de monitoramento atualmente empregados [5]. Nesse sentido, este trabalho teve 

como objetivo desenvolver um pipeline computacional para a identificação e o mapeamento de 

microssatélites (STRs) em genomas de A. niger, visando ao desenvolvimento de marcadores 

genéticos que subsidiem a discriminação e a rastreabilidade de cepas desse fungo.  
 

 

MATERIAL E MÉTODOS  
 

A. Origem dos genomas analisados 

Este estudo foi conduzido por meio de análises in silico de genomas de A. niger 

disponibilizados publicamente pelo National Center for Biotechnology Information (NCBI), 

detalhados na Tabela 1. Os genomas de A. niger tem um tamanho médio de 37,2 milhões de 

pares de bases. 
 

Tabela 1. Genomas Analisados 
Nome da Montagem Cepa (strain) Nível de montagem Tamanho (Mb) 

ASM285v2 * CBS 513.88 Scaffold 34 

ASM1928827v1 CBS 554.65 Chromosome 40 

ASM2978390v1 KJC3 Chromosome 40 

ASM2978392v1 KYF3  Chromosome 37 

ASM4765177v1 CCTCC 206047 Complete 35 

Genomas de A. niger analisados neste estudo. Fonte: 

https://www.ncbi.nlm.nih.gov/datasets/genome/?taxon=5061 

* Genoma de referência do táxon.  
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B. Análise de STRs 

A análise de microssatélites (short tandem repeats, STRs) pode ser utilizada de forma complementar ao 

sequenciamento completo do genoma, otimizando a identificação e caracterização de fungos [6]. Os STRs 

consistem em motivos curtos que podem variar de 1 a 9 pares de bases (Figura 2). A variabilidade de comprimento 

e a ocorrência ubíqua de STRs levaram a que fossem amplamente utilizados como marcadores em mapeamento 

genético [7], [8].  

 

Figura 2. Representação esquemática de STRs em sequências de DNA. 
A – Motivo repetitivo (ACTGT) com 5 cópias em tandem. 
B – STR com unidade de repetição de 3 pb e 7 cópias. 
C – Mesma sequência analisada com unidade de 6 pb, evidenciando sobreposição de padrões, 
sendo considerado o motivo de menor tamanho. 

A ...ACTAGATACGCACTGT1ACTGT2ACTGT3ACTGT4TAGTCGTAGACTAGCTACGTAGTCGTAG... 

B ...GTACTAGATAGCTGCA1GCA2GCA3GCA4GCA5GCA6GCA7TGAGTCGATCGCATGCGATGAC... 

C ...GTACTAGATAGCTGCAGCA1GCAGCA2GCAGCA3GCATGAGTCGATCGCATGCGATGAC... 

Fonte: O autor. 

 

C. Triagem dos STRs 

As sequências genômicas foram submetidas à triagem por meio de um algoritmo próprio 

visando a identificação de repetições perfeitas com unidades variando de mono- a 

nonanucleotídeos (1 a 9 pares de bases). O algoritmo realiza uma leitura sequencial das bases 

de nucleotídeos e compara cada base com as próximas, anotando os motivos repetitivos 

contínuos e registrando a posição, o tipo de motivo correspondente à quantidade de repetições 

(mono-, di-, tri-, tetra-, penta-, hexa-, hepta-, octo-, e nono nucleotídeos), o número de 

repetições e o comprimento total do STR. Cada etapa do algoritmo grava as saídas em arquivos 

do tipo .csv com os valores delimitados por ponto e vírgula (;) o que permite que a próxima 

fase leia as informações a partir de um ponto de parada ou continuação, bem como o 

compartilhamento desses dados entre as fases do processo. A primeira parte do algoritmo gera 

nove arquivos para cada amostra de genoma. Em seguida, é realizado um processo para contar 

a quantidade de ocorrências desses motivos de mesmo tamanho ao longo de cada amostra de 

genoma. Os STRs identificados e catalogados em cada genoma foram então comparados entre 

si para identificar os STRs coincidentes (compartilhados entre os genomas) e STRs exclusivos 

(presentes em apenas um dos genomas).  
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D. Localização das regiões flanqueadoras dos STRs 

Após a identificação dos STRs exclusivos nos genomas analisados, foram determinadas 

as regiões flanqueadoras associadas a cada STR detectado. Essas regiões correspondem a 

trechos de DNA posicionados logo antes (5’) e depois (3’) do motivo repetitivo. Sua função é 

servir como pontos de ancoragem para os primers, garantindo que a amplificação dos STRs 

ocorra de forma direcionada, gerando produtos consistentes e comparáveis entre amostras. 

Assim, para cada STR foram extraídas sequências de 200 pares de bases à esquerda (upstream) 

e à direita (downstream) do motivo repetitivo, considerando sua posição original nas amostras 

e a disponibilidade de sequência genômica contínua. Esse intervalo foi definido por ser 

suficientemente amplo para incluir regiões adequadas à ancoragem dos primers [9], [10], [11].  
 

E. Desenho dos primers 

O desenho dos oligonucleotídeos iniciadores (primers) foi realizado utilizando o 

software Primer3, amplamente empregado em estudos de biologia molecular para a predição 

de primers a partir de sequências de DNA. O Primer3 foi integrado ao pipeline por meio do 

pacote Python primer3-py (interface oficial do Primer3 para Python), adotando parâmetros 

amplamente recomendados na literatura para maximizar a eficiência e especificidade da reação 

de PCR. O tamanho dos primers foi definido entre 18 e 23 pb (ótimo: 20 pb), faixa considerada 

ideal para garantir especificidade adequada e eficiência de anelamento. A temperatura de 

melting (Tm) foi estabelecida entre 57 °C e 62 °C (ótima: 59 °C), de modo a favorecer 

condições homogêneas de amplificação e minimizar ligações inespecíficas. Adicionalmente, 

foi limitado o comprimento máximo de homopolímeros (PRIMER_MAX_POLY_X = 5), 

evitando regiões com repetições consecutivas de nucleotídeos que possam comprometer a 

estabilidade da ligação primer-template. A diferença máxima de Tm entre os pares de primers 

foi restringida a 2 °C, garantindo sincronização eficiente durante a etapa de anelamento da PCR 

[10]. A região target (SEQUENCE_TARGET) foi definida de modo a corresponder à porção 

do STR, assegurando o anelamento eficiente dos primers nas regiões adjacentes ao motivo 

repetitivo e, consequentemente, a amplificação específica e confiável do locus STR. A Figura 

3 ilustra esquematicamente uma região de DNA contendo um STR na porção central, as regiões 

flanqueadoras adjacentes e as posições de anelamento dos primers, bem como o amplicon 

teórico.  
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Figura 3. Localização dos primers posicionados nas regiões flanqueadoras que delimitam 
o amplicon, que contém o motivo repetitivo (STR) entre eles. 

Fonte: O autor. 

 

F. Validação dos primers 

Os amplicons teóricos – porção da sequência compreendida entre o início do primer left 

e o final do primer reverse – utilizados para validação in silico no BLASTn foram selecionados 

com base em critérios previamente definidos, visando garantir a especificidade, a variabilidade 

genética e a aplicabilidade dos marcadores propostos. Os registros foram ranqueados por meio 

de uma ordenação hierárquica inversa, considerando múltiplos parâmetros: (i) tamanho do STR, 

(ii) tamanho do amplicon e (iii) diversidade genética estimada pela entropia de Shannon [6], 

[12], [13]. Essa abordagem permitiu priorizar loci com maior potencial informativo, 

favorecendo aqueles com maior variabilidade e melhor adequação experimental. Finalmente, 

foram selecionados os 100 loci melhor classificados no ranqueamento para cada amostra de 

genoma. 
Os amplicons selecionados foram então submetidos à análise de similaridade com o 

genoma por meio do BLASTn, com o objetivo de avaliar a especificidade das sequências 

amplificadas. Na busca realizada com o BLASTn, foi selecionado o banco de dados whole-

genome shotgun contigs (wgs) e o organismo Aspergillus niger (taxid:5061).  

 

 

RESULTADOS E DISCUSSÃO 
 

A. Perfil geral dos STRs nos genomas 

A triagem computacional dos genomas resultou na identificação de centenas de loci de 

STRs distribuídos ao longo dos cinco genomas analisados. A quantidade e o tipo de STRs 

variaram entre os genomas, refletindo o grau de diversidade intrínseca entre as cepas. A Tabela 

2 apresenta parte dos resultados do levantamento inicial de STRs. Para cada cepa analisada, foi 

gerado um conjunto de nove arquivos padronizados conforme esse leiaute, cada um associado 

a uma cepa e a um tipo específico de STR. 
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Tabela 2. Resultado do levantamento inicial dos STRs 
Unidade Início locus Fim locus Cópias 

A 24860975 24861058 83 

T 29813117 29813183 66 

AG 30838913 30838995 41 

CA 4149090 4149188 49 

TGT 3029117 3029381 88 

CTA 1511041 1511194 51 

TTA 31853043 31853160 39 

TTTC 670847 670851 26 

AGAA 22423545 22423609 16 

ATAGG 33349853 33349973 24 

GGCTCT 15156610 15156742 22 

TTTCCT 20509754 20509880 21 

TATGCTG 21227855 21227876 3 

ATGAAAA 21845073 21845094 3 

AAGAAGGA 8232364 8232500 17 

TTTCTTTC 670847 670951 13 

ATTTATTTT 20987328 20987616 32 

GGAAACCTG 13387589 13387868 31 

GTAGTAGTT 10018598 10018967 41 
Descrição dos loci de STRs obtidos por meio do algoritmo de detecção, incluindo sua localização genômica e 
número de cópias. Exemplos selecionados aleatoriamente entre as cepas analisadas. 

 

A Tabela 3 apresenta um resumo dos tipos de STR identificados por cepa. Os dados 

apresentados  evidenciam que os STRs mono e dinucleotídicos são amplamente predominantes 

em todas as cepas analisadas, representando a maior fração dos motivos repetitivos 

identificados nos genomas, o que é coerente com a literatura que aponta maior prevalência 

desses tipos em organismos eucariotos [11], [12], [13]. À medida que o tamanho do motivo 

aumenta, observa-se uma redução progressiva no número de STRs, padrão consistente entre 

todas as cepas avaliadas. 

As cepas analisadas exibem perfis quantitativos semelhantes, indicando uma 

distribuição conservada dos tipos de STR entre os genomas analisados. Pequenas variações nos 

valores absolutos refletem diferenças no tamanho e na composição genômica, mas não alteram 
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a tendência geral de decaimento do número de STRs do tipo mono- para nonanucleotídeo. Esse 

padrão sugere que a abundância relativa dos diferentes tipos de STR é estruturalmente 

conservada no genoma de A. niger, reforçando a adequação desses marcadores para análises 

comparativas e aplicações em identificação de cepas. 

 

Tabela 3. Total de STRs por tamanho de motivo localizados em cada cepa  
Tamanho do STR CBS 513.88 CBS 554.65 KJC3 KYF3 CCTCC 206047 

1 6511892 7770664 7738051 7200836 6810272 

2 1118487 1349920 1346112 1251083 1181185 

3 518959 619301 617747 581565 554127 

4 129540 157101 156368 147672 140744 

5 39817 50100 49955 47529 45476 

6 18923 22911 22672 21882 21101 

7 4267 5646 5717 5450 5383 

8 1703 2277 2331 2202 2250 

9 1394 1804 1834 1788 1752 
Número absoluto de STRs classificados por tipo de motivo repetitivo (mononucleotídeos a nonanucleotídeos) 
identificados nos genomas das cepas analisadas. 

 

A análise comparativa dos genomas evidenciou a coexistência de STRs conservados 

entre as cepas, sugerindo regiões genômicas estruturalmente estáveis, bem como a presença de 

STRs exclusivos, restritos a cepas específicas. Esses elementos exclusivos apresentam 

potencial aplicação como marcadores moleculares discriminatórios, especialmente em análises 

de diversidade genética e rastreamento de cepas, devido à elevada variabilidade dos 

microssatélites e seu alto poder de discriminação [6], [11], [12], [15], [16]. A Tabela 4 sintetiza, 

por cepa, o total de microssatélites (STRs), o número absoluto de loci exclusivos e sua 

representatividade percentual em relação ao total identificado.  
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Tabela 4. Total de microssatélites (STRs) identificados por cepa de A. niger, incluindo o 
número absoluto de loci exclusivos e o respectivo percentual em relação ao total de STRs de 
cada genoma 

Cepa Total Exclusivos % Exclusivos 

CBS 513.88 8344982 1047 0.0126 

CBS 554.65 9979724 1133 0.0114 

KJC3 9940787 918 0.0092 

KYF3 9260007 485 0.0052 

CCTCC 206047 8762290 774 0.0088 
 

 
B. Desenho e avaliação de primers 

Os primers constituem ferramentas fundamentais na biologia molecular, atuando como 

iniciadores em técnicas de amplificação, detecção e manipulação de ácidos nucleicos, como a 

reação em cadeia da polimerase (PCR). A utilização do Primer3 via script Python permitiu 

automatizar a análise, garantindo a seleção de oligonucleotídeos com baixo risco de formação 

de estruturas secundárias ou dímeros. A validação desses primers foi realizada por meio de 

análises in silico utilizando o BLASTn, a partir das sequências correspondentes aos produtos 

de amplificação teóricos. Essas sequências foram extraídas da sequência genômica original com 

base nas extremidades definidas pelo alinhamento dos primers, de modo a representar com 

precisão os amplicons teóricos gerados pela reação de PCR. Dessa forma, a análise por 

BLASTn confirmou a elevada especificidade de uma parcela significativa dos primers 

avaliados, com média de 43,80% de primers validados, variando entre 18% e 72% entre os 

conjuntos analisados (Figura 4). Esses primers apresentaram alinhamentos únicos ou 

preferenciais no genoma da cepa alvo de A. niger, associados a valores de e-value extremamente 

baixos, próximos de zero, indicando alta confiabilidade na identificação da cepa alvo e 

reduzindo substancialmente a probabilidade de alinhamentos inespecíficos em outros genomas. 

Essa etapa de validação é fundamental para assegurar que os primers apresentem desempenho 

adequado em aplicações experimentais subsequentes, como ensaios de PCR convencional, 

minimizando o risco de amplificações cruzadas ou não específicas. 
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Figura 4. Percentuais de amplicons com sucesso na identificação da cepa correta. Os 
resultados de  BLASTn que atenderam ao filtro de único resultado com 100% de alinhamentos. 

Fonte: O autor. 

 

Para cada cepa analisada, foi elaborada uma tabela contendo os loci STR selecionados 

que atenderam aos critérios de filtragem dos resultados do BLASTn, apresentando alinhamento 

único e 100% de identidade. As tabelas disponíveis em Material Suplementar 1 apresentam os 

dados referentes aos primers projetados para cada locus STR, bem como as sequências dos 

amplicons, assegurando a reprodutibilidade experimental e viabilizando a aplicação desses loci 

como marcadores genéticos com elevado poder discriminatório entre cepas de A. niger.  
 
C. Seleção final dos marcadores  

Os amplicons que apresentaram alinhamento bem-sucedido, foram submetidos a uma 

nova etapa de ranqueamento por ordenação hierárquica inversa, com base no tamanho do STR, 

no tamanho do amplicon e na diversidade genética (entropia) das amostras. Para cada cepa, os 

dois loci mais bem classificados foram selecionados como marcadores candidatos ideais para 

sua identificação. 
 
D. Visão geral do pipeline computacional integrado  

A Figura 5 ilustra as etapas do pipeline computacional integrado desenvolvido neste estudo para a identificação, 

caracterização e seleção racional de marcadores STR com potencial aplicação em sistemas de rastreabilidade de 

bioinsumos agrícolas. 
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Figura 5. Representação gráfica dos passos do pipeline computacional. 

Fonte: O autor. 
 

E. Potencial aplicabilidade dos STRs identificados 

Os resultados obtidos neste estudo destacam o potencial dos STRs como marcadores 

moleculares em cepas de A. niger. Os loci identificados, especialmente os exclusivos de uma 

cepa ou com alta entropia, podem ser explorados em estudos de tipagem molecular, 

monitoramento de cepas de bioinsumos em todas as etapas de produção e após aplicação no 

campo, rastreabilidade de contaminantes ou bioensaios de diversidade microbiana. A 

abordagem computacional in silico demonstrou-se eficiente e reprodutível, constituindo uma 

alternativa econômica e escalável para a triagem inicial de loci candidatos antes da validação 

experimental em laboratório.  
 
F. Disponibilidade de dados e código fonte 

Os scripts desenvolvidos em Python foram disponibilizados na forma de notebooks, 

juntamente com os conjuntos de dados utilizados nas análises e as imagens geradas ao longo 

do estudo. O código-fonte e os materiais suplementares estão disponíveis publicamente na 

plataforma GitHub, no endereço: https://github.com/warioiraw/analise_str.git. O código foi 

desenvolvido utilizando bibliotecas amplamente empregadas em bioinformática e análise de 

dados em Python, cujas versões e dependências estão especificadas no próprio repositório.  

Todo o material é disponibilizado sob licença aberta, permitindo sua reutilização, modificação 

e adaptação para fins acadêmicos, desde que devidamente citada a fonte original. Essa iniciativa 

visa promover a transparência metodológica, facilitar a validação independente dos resultados 

e incentivar a aplicação do pipeline computacional em estudos futuros envolvendo a análise de 

microssatélites em genomas fúngicos. 
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G. Representação gráfica dos parâmetros dos primers e amplicons projetados 

As figuras 6 a 10 foram geradas a partir desses resultados com o objetivo de auxiliar na 

interpretação por meio de representações gráficas da distribuição, variabilidade e características 

dos loci STR identificados. Essas visualizações permitem uma compreensão mais intuitiva dos 

padrões genômicos observados, contribuindo para a avaliação dos mesmos.  

Figura 6. Representação gráfica dos parâmetros dos primers e amplicons projetados para 
a cepa CBS 513.8. Topo: STR-8 AGAGAATA. Base: STR-9 GTCGTAGTA. 

Fonte: O autor. 

 

Figura 7. Representação gráfica dos parâmetros dos primers e amplicons projetados para 
a cepa CBS 554.65. Topo: STR-3 TAG. Base: STR-9 ACTACTACG. 

Fonte: O autor. 
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Figura 8. Representação gráfica dos parâmetros dos primers e amplicon projetados para a 
cepa CBS KJC3. Topo: STR-9 ACTACTACG. Base: STR-3 TAC. 

Fonte: O autor. 

 
 
Figura 9. Representação gráfica dos parâmetros dos primers e amplicon projetados para a 
cepa KYF3. Topo: STR-3 TAG. Base: STR-9 ACAACCTGG. 

Fonte: O autor 
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Figura 10. Representação gráfica dos parâmetros dos primers e amplicon projetados para a 
cepa CCTCC 206047. Topo: STR-9 GACTACTAC. Base: STR-5 TCCTA. 

Fonte: O autor. 

 

Como próximos passos, propõe-se a validação experimental dos microssatélites 

classificados como ideais por meio de técnicas de biologia molecular, visando confirmar a 

especificidade, sensibilidade e reprodutibilidade dos marcadores desenvolvidos. Inicialmente, 

os primers desenhados serão avaliados em reações de PCR utilizando DNA genômico puro das 

cepas-alvo, a fim de verificar a amplificação esperada e o tamanho dos amplicons previstos in 

silico. Posteriormente, será realizada a avaliação da especificidade dos marcadores por meio de 

testes cruzados com isolados filogeneticamente próximos e outros microrganismos presentes 

no mesmo ambiente, permitindo identificar possíveis reações inespecíficas. Após a validação 

individual dos loci, será investigada a viabilidade da combinação de múltiplos marcadores em 

reações de PCR multiplex, visando aumentar a eficiência e reduzir custos analíticos. Por fim, 

pretende-se validar os marcadores em condições ambientalmente mais próximas da aplicação 

prática, por meio da detecção das cepas em amostras de solo artificialmente inoculadas. Esses 

experimentos permitirão avaliar a capacidade dos marcadores em detectar e monitorar as cepas-

alvo em matrizes complexas, contribuindo para futuras aplicações em rastreamento e 

monitoramento ambiental de bioinoculantes. 

 

 

CONCLUSÕES 
 

Esse trabalho desenvolveu um pipeline computacional integrado, robusto e customizado 

para a identificação, caracterização e validação in silico de microssatélites (STRs) no genoma 



22 

 

do fungo A. niger. Utilizando um algoritmo próprio foi possível detectar STRs, eliminar loci 

redundantes, quantificar sua variabilidade e, por fim, propor primers específicos para 

diferenciação de cepas de A. niger.  

A aplicação de métricas informativas, como o comprimento das repetições e a Entropia 

de Shannon, possibilitou a seleção racional dos loci mais promissores, priorizando regiões com 

maior variabilidade e, portanto, maior valor como marcadores moleculares. O desenho de 

primers a partir das regiões flanqueadoras, seguido de avaliação via Primer3 e validação por 

BLASTn, assegurou a especificidade e viabilidade dos oligonucleotídeos gerados. A seleção 

final dos primers submetidos à verificação por BLASTn foi conduzida com base em critérios 

mínimos previamente estabelecidos, os quais podem ser ajustados de acordo com os objetivos 

específicos da análise. Tais ajustes incluem, por exemplo, a expansão ou redução do tamanho 

das regiões flanqueadoras, visando a otimização do posicionamento dos primers, processo que 

pode ser avaliado visualmente por meio das figuras geradas a partir dos resultados obtidos. 

De forma geral, os resultados indicam que abordagens computacionais sistemáticas são 

ferramentas promissoras para acelerar a descoberta de STRs informativos e o desenvolvimento 

de marcadores específicos para cepas, contribuindo para estratégias mais precisas de 

caracterização molecular em A. niger e outros organismos de interesse biotecnológico, 

reforçando papel estratégico de ferramentas bioinformáticas no avanço da genômica aplicada à 

agricultura. Em particular, o conhecimento detalhado dos STRs de A. niger abre perspectivas 

para a rastreabilidade genética de cepas de bioinsumos. Além disso, o pipeline proposto neste 

trabalho pode ser adaptado para a análise de outros fungos e bactérias de interesse agrícola, 

incluindo microrganismos amplamente empregados como bioinsumos, tais como espécies dos 

gêneros Bacillus, Pseudomonas, Azospirillum e Trichoderma. Como a metodologia é baseada 

em dados genômicos e composta por etapas modulares, sua reutilização requer, em grande 

parte, apenas a substituição dos genomas de entrada e o ajuste de parâmetros específicos, como 

o tamanho dos motivos STR e critérios de seleção dos loci. 
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APÊNDICES 
 

Material Suplementar 1. Tabelas para Reprodutibilidade Experimental 
 

Conjunto de loci de STR exclusivos selecionados com base em critérios de filtragem 

dos resultados de BLASTn, caracterizados por alinhamento único e 100% de identidade de 

sequência. Contém as sequências de primers e amplicons, que podem ser utilizadas na execução 

manual de consultas no BLASTn, permitindo a validação direta dos resultados. 
 
Tabela Suplementar 1. CEPA CBS 513.88  
 

Unidade STR Nº de cópias Primer left  
Primer 
reverse 

Tamanho do 
Amplicon 

Amplicon 

AGAGAAGA 21 GGGTCGAGAAAAACAG

GCAA 

GTGCCCTTCCCTTCTC

TTCT 
313 

GGGTCGAGAAAAACAGGCAAGCAATGTTTTTGGAAGTGTTATTGGTTTGGGAAGA

AATCTCAGAAAACCGGAAGATTTTGTGGATTGTTGAGAAGAAGAGAGGTGCTGTA

GAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAA

GAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGA

GAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGAAGAGAAGA

AGAGAAGAAGAGAAGGGAAGGGCACGTTCTTCACTGCGCCAGGA 

GTCGTAGTA 18 GTCGTCGTCGTAGTAGT

CGT 

CTGAGCCATTCTGAG

CGTTC 
281 

GTCGTCGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGT

AGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAG

TAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTA

GTCATAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTATGTACATAGTCATATTC

CCGAGGTTTTCAAATTAGGAACGCTCAGAATGGCTCAGTGGCACTCGAAAATAGA

AC 

GGTGTA 22 GAAGTTGGAGCTGTTGT

GGG 

TTGATGCCTGGGATG

CAATG 
242 

GAAGTTGGAGCTGTTGTGGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGG

TGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTG

TAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTTTCTATTGTAGACAG

TATGGTACAGTAGGTACAGAAGTATAGTATCGTATCATTGCATCCCAGGCATCAAC

TCCGTCCGGTCCAGAATC 

TTTCCT 21 TTCAATCTGAAACGCAG

GCC 

GATTCAAGGCCTTCG

TCGAC 
319 

TTCAATCTGAAACGCAGGCCCGAGTGGTTATTCTTTCTTTTGTTCTTTCTTCTTTTCC

GTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCC

TTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCTTTTCCT

TTTCCTTTTCCCTTCCCCTTCCCCTTTCCTTTTCTTTTGTCTTTTTTCTTCATTTCTTAG

GGGCTGAACGAGCAGAAGTAAGCAAGAGGAACATTAAGGCCGTCGACGAAGGCC

TTGAATCCTTAATGACTGGTTAAAGG 

ATAGG 24 AGGGAGGAGAGTCTGGA

TGT 

ATCGTAATCTCCCCG

TCGTC 
229 

AGGGAGGAGAGTCTGGATGTATGTATGTCTTATTGGTGTATGTGCAGAGTCTTTCT

TTTCAGTTGGAGAGTATAGGATAGGATAGGATAGGATAGGATAGGATAGGATAGG

ATAGGATAGGATAGGATAGGATAGGATAGGATAGGATAGGATAGGATAGGATAG

GATAGGATAGGATAGGATAGGATAGGACGACGGGGAGATTACGATTATAACGGAG

TAGTGATAA 

TTA 39 GGTCTCCTTGCCTTTTGT

GG 

CTTTTCCCTCTCATGC

GCAA 
308 

GGTCTCCTTGCCTTTTGTGGCGTGCATTTATCTTTTCATGCTTTTCTTTTTTCTATCTT

TACTTTTTCCTGTCCCTATTCTCCAATATTATTATTATTATTATTTTTATTATTATTAT

TATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTA

TTATTATTATTATTATTATTATTATTATTATTATTATTATTATTATTTTTATTATTATT

ATTATTATTTTTATTATTTCTCTTTTTTTTCTGTTGCGCATGAGAGGGAAAAGAATAT

TGGTATTCGTCTAT 

TAC 39 ATATCGCAACAGGAGCT

GGA 

GGACATCTGCAGGTC

GTAGT 
215 

ATATCGCAACAGGAGCTGGACGACCTGCAGATGTCAGTAAGGCCGGCTATATCAG

GTTAATGAATACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACGACCTGCAGATGTCCCGCTTTCGCAGCCGCCATG 

TGT 36 TAAGTCAAGGTGCTGCA

GGA 

ACAGTTCGGCCACAA

TGTTC 
309 

TAAGTCAAGGTGCTGCAGGAAAGAGGCCATCTTGGACACGTGGGGCGTGTTGTTGT

TGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTG

TTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGCCTGTTAAGATCCTTG

TGAGTACCATGGTTATCATGGGGTAAATACGCTCCAACCGAATGACCAGCAGAGT

GGTTGAAGGCTTCTGATAACTCGGTGAGGGAGTGTTGTAGTTGAACATTGTGGCCG

AACTGTTGTAGGAGGTATTGCGACG 

AAAAGA 18 ACAGCACAAACCAAGAA

GGA 

CTGCCTGCTACAGAG

TGCTA 
307 

ACAGCACAAACCAAGAAGGAAAAAGAAAAAAGAAAAAAGAAAAAGAAAAAGGA

AAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAGA

AAAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAGAAAAAG

AAATAATAGTCATAATAATAGCAATTGAATGGGGTATTGAATAAGCAAAAGGCAT

AACTAAATCTTAGAATGCCGATATGACCAAATGCTGAGAGATACAGCAAGAAGGT

AGCACTCTGTAGCAGGCAGCGAAAACGTGGGAACAAGA 

CA 49 GCCGAGGATGTCACATT

CAC 

CAGTAGTCTGGTTGG

TCGGT 
262 

GCCGAGGATGTCACATTCACTCACACACACACACACACACACACACACACACACA

CACACACACACACACACACACACACACACACACACACACACACACACACACACAC

ACACACACAAACAAACAACACTACCAACTACCGAAATCCATTCTGTATCTGTGCGT

AGCATAATCCACAGTACTAATTCGTGTGTGCGAGCGAGCGACAAACCTAACTAACC

AACCGACCAACCAGACTACTGCTAAGCTAAGTACTTAAGT 

TAC 32 ATGACAGTCGGCTGCTA

GTT 

CATAAGGCAATCACA

CCCCG 
295 

ATGACAGTCGGCTGCTAGTTAGTGGCTTATTTGGATAGGGTGTATGTATGAGCAGG

TGGAAGAGGGGGGGTTACTACTACTACTACTACTACTACTACTACTACTACTACTA

CTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTA

GAGTTGGATTGAGAAGGAGGTCCTTAGTATTGAATGTATCAATATACTACTTGTTG

GTAAGTCTAAATTGAATTCATATTGCAGTTACGGGGTGTGATTGCCTTATGTACTG

ACTTTTGTTGCAAT 

TCTTT 19 GTTGTTCGGTTGCGGTA

CTT 

GTACACCCGATCGAC

AAACG 
303 

GTTGTTCGGTTGCGGTACTTTTGTAATGTTGTTCTGGCCAGGGGTGCTAACTTTCTT

GGGTACAACTAGATCGCGAAAATGGGACACATGATTGAATAAAGTCGCTAGATTC

AATGCATGTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTC

TTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTTCATTATGGTTGCATC

TGCTCACTTATCTGCTTCACCCACTATATAGCCGTTTGTCGATCGGGTGTACTATAT

GAGGCCTCGGGTTG 

AAG 29 AAGCTGTAAGTTCCCGT

CGA 

TATACCCCGTCCTAG

CTGGT 
295 

AAGCTGTAAGTTCCCGTCGACCCTGTCATCGGCCGATCATAGGAGATATAAGAAGA

AGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAGAAG

AAGAAGAAGAAGAAGAAGAAGAAGAAGAAAAGAAAAGAATCCCATGCCTGCATG

GAGTCGCACCAGACTCTACGAGCTGGGCGTTAGCCCACCTATTCGATGCGATGGAT

AGCTCCCGAATTTGGTATGCCCCTGCGGCAACCAGCCACCAGCTAGGACGGGGTAT

ATTTATATTCCTCGCTTTTG 

CT 42 CTTGGCTCCCGACACTTT

TC 

GGACGATGACCAAAG

GATGC 
316 

CTTGGCTCCCGACACTTTTCTTTTGTTTTATTTTTCAATTTTTCGTTTCGTAGGAATG

CGATGGATCTGAGGCGGCTCCTGTGGGGGCCACCATCGTAACTATGAAGTGATCCT

AGTGATCCTCCTGTCTGCCGCCCACACGCTCCACACGCTCTCTCTCTCTCTCTCTCT

CTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCT

CTCTTACTCTTTTGTCTCAGCACCACCCACCATCTGTAAACTTCTCGCATCCTTTGGT

CATCGTCCCGGTGGATTGGTCCGCAAA 

TAC 28 GACTCCTACCTAGCCGA

TGG 

CAATGCAGACAGCCA

GCTAG 
221 

GACTCCTACCTAGCCGATGGCCGGCGGCAGTGATGTAGGCATGGATGAATGAACC

AAGCCGCGAAGTGATATGATGCGGTTTCGCAACATGTATTATTTTACTACTACTAC

TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACTACTAGCTGGCTGTCTGCATTGGACCGGCTGCTCGCCTAAA 

A 83 AAGCCCAGATGGAGATC

TCG 

CCATCCAGGACAACT

CCAGT 
218 

AAGCCCAGATGGAGATCTCGACGTAATCTGATGATACTGGTGCCTGGCCAGCCGGC

GATCAGTTTTTGGGGGAAAAACCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAC

TATGAGTACGGTGGCTACTGGAGTTGTCCTGGATGGCCGGCGATGCAGATTAGGG 

AC 39 GGACAATGGCAGCAGTA

TGG 

CGTATGCCACTCATT

CGCAA 
311 

GGACAATGGCAGCAGTATGGAACATTCCTTGCGCGCTTCAGCAGGAAGGTCGGTC

AAAGGAAGTAGTCAAACAAAAGCTTGAAAATGCAACATAGACTTCTCAATGCCTC

CAATCATAATACACACACACACACACACACACACACACACACACACACACACACA

CACACACACACACACACACACACACACACACACAAAATTCATTAACGCCCGGCTC
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AGCCGAAAGGGTATGTCACAGATCCATTTAACACACTTTCTAATGGACTTTATTGC

GAATGAGTGGCATACGCATTGAAACGGTGAATTAC 

ATT 26 TTCTGATTCTGCCCACCA

CT 

CAGAAGCTGCAACAA

GAGCA 
269 

TTCTGATTCTGCCCACCACTCTATTGGATTTTTCCCCTGATTCCCTTTTATTCTTGTT

GTCGTTTGTGTCTCATTATTATTATTATTATTATTATTATTATTATTATTATTATTATT

ATTATTATTATTATTATTATTATTATTATTATTATCATCATCGTCATCATCATTATTA

TTAATTTTTTTTTCTTCTTCTTCTTTTTTCTTTCTCTCTCATTCCTTTTGTTCTCTGCTC

TTGTTGCAGCTTCTGTTCGGCGTTTCTTACAAGA 

A 76 CTTGAACTCTGGTTTGCC

CC 

CTTTGATAGCCTTCC

GCCAC 
279 

CTTGAACTCTGGTTTGCCCCTTCCTTATACAAGTCGATTTATGTCAAAAGAATATGA

TCCTGGAATTAACCAAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAAAACTCCTCA

GGCCAAAATGTGCTCAAGGAAACATCCCTGCCCTTAGCTCTCCCAAGTTCTAGCAT

TCTTGTTTTGTGCCTAGTGTGTGGCGGAAGGCTATCAAAGGATTTGTGCTTCTTTTA

AG 

AGT 25 GACCGTATCGTGCAACA

GTC 

CTATCCGCTTGTGTTG

TCGG 
262 

GACCGTATCGTGCAACAGTCAAGTAATGACATAAACATATGTATGATGATGAAAC

CAAAAAGTCACAGATCAAAGAGTAGTAAGAGTAGTAGTAGTAGTAGTAGTAGTAG

TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAAGACG

AAGGTATCGTATCAAAGCATCATCAAGACAAACATAAGAGAGAAGAGAGACTGCG

GACCCGACAACACAAGCGGATAGTAACTTGAAACGAGACTGA 

CTA 24 AACAGCCTGACAGCCAG

TAA 

GGCTAGGGGAACACC

TTCAA 
307 

AACAGCCTGACAGCCAGTAAGTAGTACCTAGTAAGCCTTCTAATAACGAGCTAACC

TCAAACCAGGACTACTAGTAGTATGAGTCCCAACTACGCTACATTTACAAAACAAC

ATGGAAATATGCTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACTACTACTACTACTACTTCCCCAGAAAATCAATACACCTGGAAAA

GGAAGTCAGAAATCATACACTCGACATCACAATGCATTTTCTTTTGAAGGTGTTCC

CCTAGCCCTATAGCTACCAATCACAT 

A 66 TCAGGCCACTTAGCGAG

TAG 

CCTCTGCGTGACATT

TCCTG 
319 

TCAGGCCACTTAGCGAGTAGCAGTGATGTGGAAGACTAGATCTTTATATCCCGGAC

TAGGCGGGGTATGGCAACTCAAATATGCTGCTTTGTTGCCCAAGAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAGAGAGAGCTGCTCAGGCTCGTTTCTATCCGCTCTCTTGCGCCTTACTGCAGCGTC

AATAATACAAAAGTCAGTCACCGGAAGCAAATTGCTATAATAATATAAGATGATC

CAAGCAGGAAATGTCACGCAGAGGGAATGAAGCAGCAAAGTCA 

AGAA 16 AAGAGGCGTGTGAGTGT

GTA 

TTGGGATCACTTTCG

CTTGC 
257 

AAGAGGCGTGTGAGTGTGTACCAAGTGATTGAAGAAGAAAAGAGAGAAAGAGAG

AAAGAGAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGA

AAGAAAGAAAGAAAGAATGAATGAATGAATGGTATGCGATCGATCGCTACGTACA

ATACTTGTGCAATACCTACACACATGCATGCATGCATGCAAACAGAGACTTTTTCT

GCAAGCGAAAGTGATCCCAAAAACCAAATCCCACCCACC 

A 60 AGTAGGGCATTGCAGGA

GAT 

CAGCTGGCAGCAGGA

TATTG 
318 

AGTAGGGCATTGCAGGAGATTATACGGATATTGCATCACACCTGATAATCTATTAT

CTTATCCCATCAGCTACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAACCTCTAATTTGAATGCATTGAACTCTATCATA

CTGTCACGAGTTGATCTGTCATTATTATATGGTCCAACTTTAGGTTATCGCCATAAC

CATGATCCTTCCTATCCGCACAGAAATATATATGCAACTACCACTTCGCTCGGCTTC

CAATATCCTGCTGCCAGCTGGACATCAACATCGACTCCA 

GTT 20 ACAAGCGAGAGAATGTG

GGA 

GAACAACCACCACCA

ACCAA 
291 

ACAAGCGAGAGAATGTGGGAAAAGAGAACATGTTACGAGTTAGTGTATTTGGGAG

TAGATTGTATGAATTGCTTAGTGAGTGGTAATTAGTTTAGCTTGGATAGCTCCCCTC

ACTAATGATAATTAGACCCGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTT

GTTGTTGTTGTTGTTGTTGTTTACTATGTACTACTAAAACTGGGTTGTTTTACTGTTG

TCGTAGGTGTTATAATTCGGTTGGTTGGTTGGTGGTGGTTGTTCTGGCAGTCAGTTT

TGAAGG 

TTTTC 12 CTGGAATGGCCGTTTCC

TTT 

TCGGGTATTGGCCAA

TCTCA 
281 

CTGGAATGGCCGTTTCCTTTTTTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTTT

TCTTTTCTTTTCTTTTCTTTTCTTTTTCCATTATTATTTTTACCCTTCTTTTATATGTAT

ATATATATAATTTCTCAGCCTACCTGGTTTAGTAAAACTGACACTGCACCTAGGTA

AGCCCCGTATTACTAGTAGTGATACTATAGAGTACTTAGTAGTTACGGGTCCGGAA

GGGGTTGGATTGAGATTGGCCAATACCCGAAATCTTTGAACTTGGAAGA 

T 60 GGTCCCACTGGATGCAT

CTA 

ATTGAGTTTGGCAGC

ACGTT 
263 

GGTCCCACTGGATGCATCTAGATCCTGGAGAATCCTGGAGAACAGATTTATCTTAC

GGAGAAAAATTGATCAACGGAACATGATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCTCTTTTTTTCTACTATTATTTCAATTTCT

TCTACTTGAGCTTTTCTTAGTCTCCAGGCTGATGGATAGGTTGCGGCAGAACGTGCT

GCCAAACTCAATAATATGTTCATCTACAGAG 

AAGATTGG 7 AGAAATGTGAGGGGAA

GGGG 

TGGGTGGCGTGTATG

GTAAT 
224 

AGAAATGTGAGGGGAAGGGGGGCGCGTGTGAGAGGCGAATGCAACTGCAAGAAG

CCCAAGGCATCACACAGAAAGGTTGAAAGATTGGAAGATTGGAAGATTGGAAGAT

TGGAAGATTGGAAGATTGGAAGATTGGAAGATTTTCATTGCACTTACGGGCAGTGT

TCCAAAGCCATGGCGATCGCATTACCATACACGCCACCCATGAACAACCCGAAGA

GGCT 

GTA 17 GGAACGAATGACAAGAC

GGG 

TCTCGGTATAACCAA

CCCGT 
319 

GGAACGAATGACAAGACGGGCACAATGGCGCATTTGCAGCGGTTCGTGAGTGTCA

GGACGATTAAAGAGGAGTTTGGGAGCTTGGAGGAGGTGGAGTATCCTTCTAATGTT

GTGTGATGCTGTAGCTTGTCGATAGTAAATCAACGTAAACTACGATCGTCCTTCTTC

GATTCTATCATATGATTCTTATTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAGTAGTAGTAGTACTGCATTATTTGGGAAACTCTGGCAAGTTTGTATACC

ACGGGTTGGTTATACCGAGATATAATATCACAGGAAAAT 

GA 24 GGGCTAAGGCTCCTCTT

CTC 

GTTACTCTATTGCGG

CGGTG 
301 

GGGCTAAGGCTCCTCTTCTCTTTCTCTGTCTGTCTCTTTCCCCGATCCTCCTGGAGA

GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGAGCTCCC

CCTAACTAATTCACTAACCGGTTCTCCGATAATCATCATCTGCTGCTGCTGCTGCTC

CTGGCACACAGTCTTATTGTTGTGAACCGATTCGGTGGCAGTGTTCTTGAATAATTG

GTATTGTCTCACAGCCAGGATCACCAACCCATATTATCGCCGCCCACCACCGCCGC

AATAGAGTAACATCAATGCAA 

TATATG 8 TCTTTCGTCTTCTCCACC

CC 

TTTGATTTGCCATCCC

CAGC 
157 TCTTTCGTCTTCTCCACCCCCATGCTTATATTATATGTATATGTATATGTATATGTAT

ATGTATATGTATATGTATATGCTGTGATAGGAGGGGTGGATGATGTGTATGATGTA

GGGGGCTGGGGATGGCAAATCAAACATACATGCATACATACAT 

AC 23 ACTAGCTCCGAGTCACG

ATG 

GAGGAATGCGGATGT

TGTCC 
304 

ACTAGCTCCGAGTCACGATGACCGTCGACCGAGCGCCGACTATGGCCGCCGTGTGC

CTGCGCAGGACCAGAGGACTTGGGCGGGGTGGGCACGAGCTCTAGCCGCATCATG

GATCCAGCTGCATGCTGCTGTTTCTATCCACTGGACACACACACACACACACACAC

ACACACACACACACACACACACACGCACACACAGATGTTGCCCTGTCTGCTACGG

AAATGATATCCCCAGCCAATCTAGTGGGCGAGGTCGCACAGACGGACAACATCCG

CATTCCTCGCCGGAGCAGGTTACGCAT 

AATC 11 ATGTAGGTAGTGCTGGA

CGG 

ATCTACCGCGATCTC

ATCCC 
298 

ATGTAGGTAGTGCTGGACGGAGAAGAATATTGTGGATATCAAATGAATCAATTAA

ATCAATCAATCAATCAATCAATCAATCAATCAATCAATCAATCACGGCTGACCAAG

ATTCATTACGTGGGGAGATTAGTGACTTTCAGTCTAGAACAAACCGTAGGGCCCGC

GAAATCGAAATGGGAAATGGATCCAAAAGCATGACGAGTCGCGCACTCCCGTTCG

TCGTCATCACCCAACGCCCCCGATTCCTGTCTACGCAAGTGAATCTCCACTTGGGA

GGGATGAGATCGCGGTAGAT 

GA 20 CCAACCCTACCCTCTCG

ATC 

GTAAGGAGGGTCGCC

GATAA 
233 

CCAACCCTACCCTCTCGATCGGAGTCTTCACTGATCACTCGCCGGGGGAGGAGAAG

ACGCGAAACCTAAACGGGTGGATAATAGCGAGAGAGAGAGAGAGAGAGAGAGAG

AGAGAGAGAGAGAGAATGAAGATTCAAGCGAGTGGATTTGACGAAGTGGGTATTG

ACCGAGGCTGTCAGTTCGCGACGAACGGCTTATCGGCGACCCTCCTTACTGACACA

GCCCCCGTTAGT 

GGA 13 AAGAGGAGGAGGAGGA

GGAG 

CCCTTTCAGTAATGG

GCTGC 
238 

AAGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGCAATAAGGG

CTTTTAGGGTTAAAGGACGAAGATGTCACCTAGATAATATTAGGCGAGAGACAAA

CCCATGCACCGGATAACAGAGAGAAACAGAGTTTAGATAGCCAAATACCATCGGC

ATAAATTCAGTGTTGGCCGATCAGCCCCCGCTTGCCGCAGCCCATTACTGAAAGGG

AAATCTAGAGTCAGTCTCC 

CTG 13 CAGTGATACTGCTGCTG

CTG 

GATCTGTGCATCTCC

TCGGA 
137 CAGTGATACTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCCGCCGGATA

GTATTTATTCGAATGTCTGAATACGAGAGACAGAGAGAGGCTCCGAGGAGATGCA

CAGATCAAGGATGATCCTGCTTCAG 

GA 19 ATGGACAATCGATCGAG

CCT 

AGCAGATACCGGAAA

GCCAT 
139 ATGGACAATCGATCGAGCCTCTTCTAGCGCTGTGGAGAGAGAGAGAGAGAGAGAG

AGAGAGAGAGAGAGAGAGTTGTTCGTCTTATCTGTATGGGGCCAGATGGCTTTCCG

GTATCTGCTGACTTTTTCAATTTTTTTT 

TAAAATAAA 4 GCTGTGAGAGCCGATCA

AAT 

ATCCTTCTGGCTGAG

AGTAGC 
317 

GCTGTGAGAGCCGATCAAATATGTCTTATTTAGTACATCTAGACTAGAATATGAAT

ATGAGGAGGAAAAGAAGATAGTATAAAAAAATATAGATAAATAATAAAGATAAG

TAAATAAAGTAAAATAAATAAAATAAATAAAATAAATAAAATAAATAAATAAAAT

AAAATAAATAAATAAAATAAAATAAATAAAATTAATAAAATTATATTATATAATTT

AATTATATATCTCTGAATACTACTTTTTATTATATTATCTTTCTTACTAAGCCTGGCT

ACTCTCAGCCAGAAGGATATTATTATTCTTATAATTTA 

CGAAGTGGA 4 CGGTACCACCTCTAAGG

CTT 

CGCTTGCAAGAACTT

CCCTT 
294 

CGGTACCACCTCTAAGGCTTACTGTACATATTCTGTTCTCTCTAAAAACTATTACAA

GGCCCATCTAACCAGTCGAAGTGGACGAAGTGGACGAAGTGGACGAAGTGGACGA

AGCAGACAAAGCAGACAAAGCAGACGAAGCAGACGAAGCAGACGAAGCAGACGA

AGCAGACGAAGCAGACGAAGCAGACGAAGCAGACGAATTTCAGCTAGGGCTACA

ACTCACCAACCTAGCAGCCTAACAAGAGGCCACCGAAGGGAAGTTCTTGCAAGCG

GTGGACTTCTTCCCCCCGG 

TTG 12 ATTTGTCTCCTCAGCAGC

CT 

CGTTTAAGGTCCCTT

GCCAG 
258 

ATTTGTCTCCTCAGCAGCCTTGATTGTACTTCTGCACTCAATAAATAGACCCGGTCT

TTCCATGGTTTCCTTTCCCTGATCGCTCTTCCCCCTGACTCTTCCTCCTTTGTTGTTG

TTGTTGTTGTTGTTGTTGTTGTTGTTGCTGCTGCTGTTGTTGTTGTTTTGAGAAAATC

GATCAAGCAGCAAGTAGCTTGGTTCACGACCGGAAGCTTCTGTCCCCTGGCAAGGG

ACCTTAAACGAATCATACACAATGCCTGA 

GA 17 AAATCGTGAACAGCGAG

TGG 

CGCGCAGTTCCAAAG

TTTTG 
174 

AAATCGTGAACAGCGAGTGGCGTAGATACACTCATTCGCTCACTCTTTCACTCGAA

GAAAGAAAGAAAGAGGGAGGGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG

AAAGAGTCCTAGTAATCCCGACTAGCCAAAACTTTGGAACTGCGCGCCAACTCGAT

GCAGAACTC 

GCT 11 GCAAGGCAAGGGGAAA

AGAA 

CGCGCACGACTAGAA

TTGAA 
265 GCAAGGCAAGGGGAAAAGAATCCGTAGGGCCATGTGGAGTCTTTTCTTCACGGGC

GGAATGCACATACCATCTCGACTACTACTACTACTACTACTACTGCTGCTGCTGCTG

CTGCTGCTGCTGCTGCTGCTTAAATTGGTTCCTTGTGTGTACTTTCATCGTGACCGG
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ATAACTCTAGGGAGCCCCTTACTTCCAGGCTCTTCTTGTCTCGAAATCACCGTCGAA

TTCAATTCTAGTCGTGCGCGGTAGCCATGCTCAATTCGA 

AGT 11 TGACCAAGCCTGCAGTC

TTA 

AAGGTTGACCCATAG

GCGAA 
262 

TGACCAAGCCTGCAGTCTTAGGTTCGGTAACGATGACGGCCTTCTGAGTAGACATG

ATTGAAGATGAGATGATGAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTCACA

TTGGCGTGTATAGAAGCATATTTAATACAACACTTTGTCGAGATTCGTTGGTGACA

TTTTTCTAACCTCGGATCGGACGCGAACCGTAATCAATAGCGATAGATGAGCAATC

TTCGCCTATGGGTCAACCTTGTATCGATGACAAACCTAC 

TGC 11 TCCGATCTTCAGACATC

CCG 

TCTCCAACGTTCCAC

TTCGA 
243 

TCCGATCTTCAGACATCCCGTGCCTGCTTCTAGCTTGGGTAATCATACTCCTACCGG

GTCCTCTTCTTCGCAGGGCGGTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGG

TGTTGTGAGACCTCATCGTCCGGCTCCGCTTACTTTGGTTCCTCCTAATAATGCTGG

GCTTGGACGGAAGAGGGAGGGGTCTGGAAGACATCGAAGTGGAACGTTGGAGAG

GGTGGAGGAGTGATGAAG 

AAAAT 6 GAGTGTCAGAGAGAGAC

CCG 

GGGTGATTTCATCGG

CTTCC 
309 

GAGTGTCAGAGAGAGACCCGGTCGGTAAGGTAATTTTGCTTACGAGGGATCATCC

ATGGATGTAGGGGAAAAGAGAAGAAAAAGGAAAAAAGAAAATAAAATAAAATAA

AATAAAATAAAATGAAGAAGATCGAAGGAATAGGCAGTGTTGACAGATCTCTTTT

CTATGACTGAAAAGAGGCAGGCTGCTGAAATTCTCAGGCAGTAGATCTGATATCA

GTATTATCAAAGTCATGCATATATCAGACATGTCGCACATGATGGCTGTAAGGAAG

CCGATGAAATCACCCTTCAAGGTCGGTCGGGTGC 

CAGGGA 5 GGTGCCGCAAAGTGAGT

TTA 

GGTCCCCTAACCATA

GCCTC 
253 

GGTGCCGCAAAGTGAGTTTAGCGGTGCGACTGTTGGTGGGTTGTCGCCGCCGTTGG

GGCAGGGGTTATGGGGGTGGGATGGGGTGCAGTCGCCACAGCAGTCGATGCAGAT

GCAGCATCAGGCTGGGGGAATGGGAGGAGGAGGGGTGTATCAGGGGCCGCATGG

GCAGGGACAGGGACAGGGACAGGGACAGGGACCGGGACAGGTGATGTATGAGGC

TATGGTTAGGGGACCGTCGGAGTTGGATGGGACG 

TTTTC 6 GGTATAGGGTCACGGAC

TGG 

GTACATAGGCCATCC

CGTCA 
178 

GGTATAGGGTCACGGACTGGACTCGGGTTGCTTTTGATATGATAGTTCTTTTCTTCC

TCAGCTTTTGAACTCCTGGTGTTTTTCTTTTCTTTTCTTTTCTTTTCTTTTCTCTTTTCT

TTTACTGCTAGCCAGACAGCCTTGACGGGATGGCCTATGTACAACTACGACTATTT

ACCAC 

AGCAA 6 ACCACACCACACACTAC

ACT 

ACCCATGCTTTGCTTT

GCTT 
143 ACCACACCACACACTACACTACACTACACTACGAACAAAAACGACAAACATAATC

GACAATAATAATGATCGCTGGACGGAATATAGCAAAGCAAAGCAAAGCAAAGCA

AAGCAAAGCATGGGTGTTAGATGGATTGCATAGT 

AGTAAGT 4 AATTACCGCACACGCTG

AAA 

AAGCGGCAGAGGAG

ATTGTA 
319 

AATTACCGCACACGCTGAAATGAACAAAATAAAGGGAAAAGGGGAAATGTAGAA

TAAGGATAGTAAGAAAGAAAGAAAAAAAAAAAAGGTAAAATAAGATCACATGAA

GAAAAGTAAAAAGAAGTAAAATAGGAAATGAAGACAGAAAACGCATCACATCAA

ACAATAGGTGATATCAGTCAATAAGGCCATACAGAGTAAGTAGTAAGTAGTAAGT

AGTAAGTAGTAGGAAAGTAAGTCTCTTGTCCCTTATCGCTTAATTCGTCCCCTCTCT

AATAGATACAATCTCCTCTGCCGCTTCTCCGAGTTCAACCATCAA 

ATGT 7 ATTGTCTTGGCTTGGGCT

TG 

ATGGGGATGTCGTGT

TACGT 
221 

ATTGTCTTGGCTTGGGCTTGAGTTGGGTTTTTTGTTTGTGAGGTCTACTCGCATGTT

GAATTAATACTATCTGTGGTTTTTGGATTTTATGATATAGGTATATATATCATAGGA

CTATTATTATTTCTTCACGATGTATGTATGTATGTATGTATGTATGTGTCTATATAG

GGATGAAATCAACGTAACACGACATCCCCATCCCCGTCCCGAAAGTGCCT 

GGAT 7 CCTACTTTCGCGACAAT

GGG 

AGTAGCCTGCATATC

GCCTT 
210 

CCTACTTTCGCGACAATGGGAGCAGGCGTCTGCCTTGTAACACAAGATCGTTGCGC

TACGTTATCAGTTAGATGCATGATCATTGAGATTGTCCCCTTCCTCGTGAAATGTAC

AGTCGGATGGATGGATGGATGGATGGATGGATGGCTTCATTTACCCTGACCCCTCG

CTAAGGCGATATGCAGGCTACTACCACTATATGTATCTCTT 

ATCC 7 ACGGATCATCCAAGCCT

GAT 

GTCTAGGGTGCTTGT

CAGGT 
186 

ACGGATCATCCAAGCCTGATATAACACCAACAGCGAAGGCTGGACAGGAGCTGCA

AGGACAGGAGGGCACCCGACGCGCATTGCATTACATGCATTCAAATCCATCCATCC

ATCCATCCATCCATCCATTCAACCCATTCAGGTTGGACCTGACAAGCACCCTAGAC

AAGAACGAACTAACCACCA 

AAGGTTTCT 3 ATGGTGAACGTTGCTCC

TTG 

ATCAGTAGGGACTCA

CCGTG 
275 

ATGGTGAACGTTGCTCCTTGTATGAAGGAAGATGAAGCTCTTGGATTCAATCAAGG

GATGCCATTACTCCGGGGGGAAAGGATTAATAATCTTCCGTGTTCCTCTTTTTAATG

AGGACGAAGCAACCAACCTCCTGGCATGAAAATAGGTAAAGGTTTCTAAGGTTTCT

AAGGTTTCTAAGTAATGATTGGCTCGAAGCTATCGATCACTCGAACGATTAGATCT

GGTCCTAACCTCACGGTGAGTCCCTACTGATCATGGTCGAGGGATCTTTT 

ATGCCGCTA 3 GTTCTCCATGGTCCTTGT

GC 

TGTGTTGCAGCATAC

TTCCG 
242 

GTTCTCCATGGTCCTTGTGCCCATCCTCGCTGGATTCGGCCTGGCGGGTGTGGTGCG

TCAGAGAGAAGAATCTGCTGCAAACGCGGCCGACGTTGCGGATGCCGCTAATGCC

GCTAATGCCGCTAATGCTGCCAATGCTGCCAATGCTGCGGACAGTGTCAACGCAGC

CGATGTTACAAACAGTATCGAGGCTGCTACTGATGCGGAAGTATGCTGCAACACA

ACTCCCTGTTTCATTGGAT 

GGTGGTGTT 3 TCGTCGAGGGTGGACAT

TTT 

CCCGCCCAAATTTTT

CTCCA 
153 TCGTCGAGGGTGGACATTTTTGATGGTACTTCTTAGACGATGTAGATGTGTATTTTG

TGTATTGTTTGTTAGGTAGATGATGGGTGGTGTTGGTGGTGTTGGTGGTGTTGGTGT

TGGAGAAAAATTTGGGCGGGGAAGTGATGGGATGAGATG 

AAAGC 5 AAGTAAAAGCAACAGGC

CGG 

ATTCTCCTGGGACTA

CAGCG 
290 

AAGTAAAAGCAACAGGCCGGTGACATCCAGATAAATATAGAAAAGAAAGAAAGA

AAGAAAGTAGAAAAGCAAAGCAAAGCAAAGCAAAGCAAAAGGATAATGTTAGTC

ACGAGAAAACTAGTTAGCATCAGAGCAATGTCAAGTGATGAGCAAAATCAACTGG

TTATCTTTGGTCGCTTATTGTACCTGGCTCCAGGCGGCAACACCGACGAGCGGCTG

CATGCTTCACAGTGAAGCCACACCGAATTAAAGTGTCCGTCGAAGGCGCTGTAGTC

CCAGGAGAATGGAAA 

GTTGAA 4 TGAACTTTACGGCGAGG

TCT 

GTAAGAACACGGATG

CGGTC 
309 

TGAACTTTACGGCGAGGTCTACTCTGGTTGACCCCGGTAGTTTTGTTAGTATGGTGG

AGAGGTGCAGGGATCCCAATCCTTCAAGCGGTGAGTCTCTTGACTAACACCGCCTG

CCTGATATAGCCACGCGTTGAAGTTGAAGTTGAAGTTGAAGCCCACAAACGCGTA

AAATATGATGAATTCTGCTAATTCTTGGTGTTTTCAAAGATGCCTTCAACTCCTGAA

CCTACCTCTCCAAAATCAACAAATTCAAAGCGGCTTGATCGTGATGACCGCATCCG

TGTTCTTACTCTTCGTGATGCTGGTTTT 

TACCAC 4 TAAGTACCCTGTACCCC

CGA 

ACGAAACAAGCGTCA

AGAGG 
303 

TAAGTACCCTGTACCCCCGACCGAAGGTACTCAGCCTTGTAGTCTCGAATCGATGG

TGGTTTTTTGTAGGGTAAATTTGTCTGGGTACCCAAAGGGGGGAAAAGACAAGAA

AGAAAAATTAAGTAAAATAAGGATTCTTACTCTTTCTGGATAAGTTTTCTACTTTAT

ACTTACTCTTACCACTACCACTACCACTACCACTATCTACCACCACTACTTACTACT

TAGTAGTAACTCTTACTCTCTCCACCGGTTTTCCCCCCTCCTCTTGACGCTTGTTTCG

TCTCTTTCTTGACCCTCTCT 

TGGCTG 4 GGTGGAGCTACTCTTGG

TGT 

CATCCTAGCCCAACA

GCAAC 
297 

GGTGGAGCTACTCTTGGTGTAGTTGTTGTAGGAATGGCGGTGGTATTGTGTTGCTG

ATGCGGAGGGGGTGAAGGTGGAGGGTTATCATCATCATCTGATACTACTATGGGAT

CGTAATTGTCGTTTCTGGTATGAGATGATGGTCAGTTTGGTCTTGTTCGTCCCTTGG

GGTTCTGGCATATACTGACTCTGGCTGTGGCTGTGGCTGTGGCTGTTGTTGGGGTTC

TTTTTCTTCTTCTTGTTGTTGTTGTTGTTGTTGTTGCTGTTGGGCTAGGATGGTGTGG

TACATGAGTTTCT 

TCCTCTCC 3 CTCCTTTGGGCCCTCAA

GTA 

GATGCGCCCCTTACT

CAAAG 
287 

CTCCTTTGGGCCCTCAAGTACTACTTCCCCTTCCTCTTTCTTTTTCTTTTTTCCTACCC

TTTTATCGTCTCCCCGCTATTCCTGTACATTTTTATACGGCATACGTATCTTCTTTCT

TGCCTGTCGCTTCCTCTCCTCCTCTCCTCCTCTCCTCCTCTTCCTCTTCTCCCTCTCTG

TCGTTTTTCTCCTTCTCTTTCCCTCTCCCTCTGCAGTCGTCCTCATTCTCCCACCGCC

GCCTCTCATATGATCTTTGAGTAAGGGGCGCATCCGCTATAAACCCAATACCT 

ATGGGG 4 AGGCTCCCCCACCAAAT

AAA 

GCAGACCCATGACGA

TGTTC 
260 

AGGCTCCCCCACCAAATAAACCCGGGCTCCATCGGAGGAACCCTGGGTCTGAGCG

GAACCGAACCACGGACCAGCCTTGACTGCCACTACAAGATTAACAGGACGATGTA

TGATGATGGTGAATGGGGATGGGGATGGGGATGGGGATGATGGACGGGGAGCTTC

CTCAACCATTACCCAAATCCGTCATTTCCCATTCCGTGTGATCAGCGCTGAGCAGT

GAACATCGTCATGGGTCTGCAATAATCAAATAAGATATG 

CATT 6 AAACAGGATCCTCCCGA

CTG 

GTAGATGCAAAAGCG

AGGGG 
249 

AAACAGGATCCTCCCGACTGCATCCAAGTGGTGCTGGTGCTGCTGTCAATTGCTTC

TCCGTGCTCCATTCATTCATTCATTCATTCATTAATTTCATCCCTTCTACTCTTTTCT

CCGCCTCTCGCACGCAGGCAAACCGGTTTGCTTTCAAAGAGAGGGGGGCCACCTTG

ATTAGCTGTGTTTCTTCTTTTCTTTCTTGCTCCATTCTTTCCCCTCGCTTTTGCATCTA

CGTGCATCTTTTTGCCCTTT 

TAGG 6 GGCAAAATGGGGCAAA

GAGA 

TACCTACCCAACACA

GCTGG 
246 

GGCAAAATGGGGCAAAGAGAGACAATGAGATGATTGTTTGTTTCTTATCATTATTA

TTATCAGAAGAGAGGCTTGCTGAACAAGACAAGACACATGCAGTGTACATGCAGA

CAGACATGCATAAAATCTCCACCTTGCTTCCCTTGCCTTGTCAGCTAGCCAGACAG

ATAACTAGGTAGGTAGGTAGGTAGGTAGGTAGCCAGCCAGCCAGCTGTGTTGGGT

AGGTAGTTGGTTACATGGCGTCGT 

AGGAAG 4 GGGCAAGATCGCGATGA

TTT 

ATGCCCAATGGATCA

ATCGC 
242 

GGGCAAGATCGCGATGATTTGAATGCACGTCAAATTGACAACCGCACTTGATGAG

GTAGAAGAGAAGGAAGAGGAAGAGGAAGAGGAAGAGGACGACGAAGGATGAGA

AGAGGGTTTATATAGCCTTCACCGGAGAGTCTTCCCTCCGACGGGAAAGTCCATGA

CGAGGACAGTGACCTCAATTGAGAGGGGGGATGGGATGGGCGATTGATCCATTGG

GCATTGGGCCATCCCCGGAGGTT 

CACCAT 4 ATCTGACCCCCTCCTTCT

CT 

TAGTTTGAGGCCGGA

GACAG 
239 

ATCTGACCCCCTCCTTCTCTTCTTGGGTGGTGATTGTTTGTTTCCTGCTTCAGGAAAT

TAGCAGCTCAGAGTCTCCAACCCCGATACCTTACTATTGCTTCTAACTCCATCATCA

TCATCACCATCACCATCACCATCACCATCACATCTACGTGCCTCTTTGATCACCGAT

TCGGGCGAGTCGTGCCAGACAAGACGGCCTGTCTCCGGCCTCAAACTACACAAGTC

AACCCCCCTCC 

CCCATA 4 CTGCCCATACCCATACC

CAT 

AGTACGAGGGCGAGT

TTCAA 
227 

CTGCCCATACCCATACCCATACCCATACATACATACAAAGCCCCCCCTCTTCTCTTT

CCTCCCACTCCGTCTTGGTTCGCACTATTCAATGCCAACCATATCCTCCGCTCATCT

TGACCAAGACTCTCCTCCTCCCTCTCACCTACTTTACTCTCAATCTCCCCCGTCTGTT

GATCCTATCCCGGTCTCTACCTCCCCGGTTGAAACTCGCCCTCGTACTGCTTCCG 

TCCATACA 3 CTTGCCGCTTACGTTACC

TC 

GTCACGTTCTGTCTGT

TCCG 
185 

CTTGCCGCTTACGTTACCTCGTAACGCCTAAATTAGTGCCTGCCCACCTGATGATGA

TTTTGATTCCACATTATGATGATGGTTTATTACAATTACGACAAACTGCGAACTGTC

GGGACTCCATACATCCATACATCCATACAGACCGGAACAGACAGAACGTGACAAA

AGTACACGGACCACTT 

ACTGATTG 3 CTCTCTACCCACGGACG

ATC 

GACCCGAGGGAGATT

AGTCG 
181 

CTCTCTACCCACGGACGATCCACTACTCCTACTACCACTACTATTACTATTCTTACA

CTAACAGCTAACTGATTGACTGATTGACTGATTGAAACCTGCCTTTCCCCATCCACT

CACACCACGAATTCCTCCTGCTAAACTACGACTAATCTCCCTCGGGTCCAATCCGT

GCTTCCACTAA 
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TGTT 6 ATGCCGCAGTTGGTTAC

TTG 

TACCCACTGGAACTC

GGAAC 
174 

ATGCCGCAGTTGGTTACTTGATTTGGATCCGCGATAAGTATGCCCCCGTAGGTGAA

GCCCTACTCTTACAGGTAGATAGTAAGTACTTTGTACGTAGTATGTTTGTTTGTTTG

TTTGTTTGTTTCATTCCTGACTGTTCCGAGTTCCAGTGGGTAGGCGGTCACCTTAGC

CGTC 

ACCA 6 CTCCAATACCCTCTCCG

GAC 

GAGCATTTTGGTGGG

TTGGT 
157 CTCCAATACCCTCTCCGGACCACAATTGTCACTGCTACCACAACGACAACCAACCC

ACAACCACCACCACCCCAAACCACCTCATCACCACCACCACCACCAACCAACCAA

CCAACCAACCAACCCACCAAAATGCTCTTCTCCTCCCTCTTCTCCT 

TCC 8 TCCTCTTCCTCCTCCTCC

TC 

TCCTCGATAGCCAAT

GGACC 
120 TCCTCTTCCTCCTCCTCCTCCTCCTCCTCCGCCAATTGTTCGTCGTCAATGGGTACGT

GTACCATGGACATACTCGTCATCGGTCCATTGGCTATCGAGGACGCTCTCGCAAGG

GAACTT 

GAGGATG 3 GTTTTGATCGTGTCGAG

GGG 

TTCATCTTCCACCACC

CTCC 
285 

GTTTTGATCGTGTCGAGGGGGTAGAGGGAGCAGTCAACGGTGAGGCCAGCGATGG

CTCCGGACTGGGTGGTTGGTTGGTTGGTTAGTTGGTTGGCTGGATGGAAGGATAGA

GGATGGAGGATGGAGGATGGCTAGGCTGGGAGGGAAGAAGGGGATGGACGTACA

ATTAGGGATCGGGTCCATAGGGAGGAGACCAATGGCTCCGGTTCGCCTGGTTGGGT

CATGATCAGGCAGGGTTGGTGGGTTGGAGGGTGGTGGAAGATGAAGTCCAGGATC

TGTTGAGCC 

 
 
Tabela Suplementar 2. CEPA CBS 554.65 
 

Unidade STR Nº de cópias Primer left  
Primer 
reverse 

Tamanho do 
Amplicon 

Amplicon 

TAG 55 TGCTCACAAATCCAGGC

AAC 

ATTGAAGATGCGTGC

TGCTG 
274 

TGCTCACAAATCCAGGCAACGATATCAGATCATGGCAATAGCATCATTCAGGCTGA

TGTATTACGCCAATTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAG

TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAGTAGCAGCAGCACGCATCTTCAATATCAAAATAAATAAGCTCA 

TTTCCTTC 17 TCCCATTTCCCCCATTTC

CT 

CCATCCCGTCGATTT

GAACC 
275 

TCCCATTTCCCCCATTTCCTTCTTTCCTTCTTTCCTTCTTTCCTTCTTTCCTTCTTTCCT

TCTTTCCTTCTTTCCTTCTTTCCTTCTTTCCTTCTTTCCTTCTTTCCTTCTTTCCTTCTT

TCCTTCTTTCCTTCTTTCCTTCTTTCCTTCTTTCCTTTTTTCCTTTTTCTTCTCTTTTCTT

TTTTCTTTTCTTTTTTTTTTTTCGACCTTTTTTTATTTAGAGTTTACGGTCCCATGGTT

CAAATCGACGGGATGGCTGGTACATCCGTAATCCG 

CTC 35 ACACGCTTCTAGGGATC

GAG 

AAGCGTCTCCAGGTC

AAAGA 
249 

ACACGCTTCTAGGGATCGAGCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCT

CCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCC

TCCTCCTCGTCGTCGTCGTCTAATGATGAATCATTCTTTTGGATATCTGTCAGCTTG

CTAGGACCAGGACTCTCGTCCAATTCGTCTTCCGAGTCTTTGACCTGGAGACGCTTC

CATGCAACGGAGTCATTG 

TAG 33 CTCGAACACTCTGTGGG

AGA 

ACTTGCTTCGACGGA

GGTAA 
219 

CTCGAACACTCTGTGGGAGATGAGGATATACTACGTCCATGTTAGCTCTGGCTTAG

TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTCGTTGATGAACGTCA

TATTGTGAGATTTTACCTCCGTCGAAGCAAGTCCCAAGGACGTATAGATCC 

ACCTAC 16 ACATGCGAGGTGAAGAG

GAA 

GAAGTTGGAGCTGTT

GTGGG 
292 

ACATGCGAGGTGAAGAGGAAGGTGAGGAGTGGGAGAGTCTGCGGGAATTCATCGG

CATGAGGGGGATGATTCTGGACCGGACGGAGTTGATGCCTGGGATGCAATGATAC

GATACTATACTTCTGTACCTACTGTACCATACTGTCTACAATAGAAACCTACACCTA

CACCTACACCTACACCTACACCTACACCTACACCTACACCTACACCTACACCTACA

CCTACACCTACACCTACACCTACACCTACACCCACAACAGCTCCAACTTCTAGGAA

CAATGAATAGAGA 

TATATG 16 TCTTTCGTCTTCTCCACC

CC 

TTTGATTTGCCATCCC

CAGC 
205 

TCTTTCGTCTTCTCCACCCCCATGCTTATATTATATGTATATGTATATGTATATGTAT

ATGTATATGTATATGTATATGTATATGTATATGTATATGTATATGTATATGTATATG

TATATGTATATGCTGTGATAGGAGGGGTGGATGATGTGTATGATGTAGGGGGCTGG

GGATGGCAAATCAAACATACATGCATACATACAT 

AGT 27 GGCTAGGGGAACACCTT

CAA 

AACAGCCTGACAGCC

AGTAA 
316 

GGCTAGGGGAACACCTTCAAAAGAAAATGCATTGTGATGTCGAGTGTATGATTTCT

GACTTCCTTTTCCAGGTGTATTGATTTTCTGGGGAAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGCATATTTCCATGTTGTTTTGTAAATGTAGCGTAGTTGGGACTCATACTACTA

GTAGTCCTGGTTTGAGGTTAGCTCGTTATTAGAAGGCTTACTAGGTACTACTTACTG

GCTGTCAGGCTGTTGGCTAAGCCTTATACTATT 

ACT 27 CTCCACTTACTTCCCTCC

GG 

TCGCATAGGACGGGT

TTGAT 
221 

CTCCACTTACTTCCCTCCGGACTACGGGAGTTATTATTTCCCATCATTCATGGTATA

ACTATAACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACT

ACTACTACTACTACTACTACTACTACTACTGCTTATAAGTAGACCTACGTAATGAGT

ATAGTCAATCAATCAAACCCGTCCTATGCGACACCCCCATTCGTAATGTA 

CTT 26 TACCGTCATGCACTACC

TCC 

TAACTGGCCATAACT

CCCGG 
296 

TACCGTCATGCACTACCTCCGTAAGCCTTATATATATTCCTGCTCTCCCTCCTCATA

TCGTGCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTC

TTCTTCTTCTTCTTCTTCTTCTTCCACTACACTTCCTAGGTCTTCAGCGCTCTATATA

TAACACATCAACATGTCCTATTATCCTGCTATCTTGATGCCATAAAGATACTTACTT

CATAGTAGGCCGCTGGTATAAGTTGCCGGGAGTTATGGCCAGTTACAGAACTGTTC

ATAATAAT 

CTTT 19 TTGGGATCACTTTCGCTT

GC 

AAGAGGCGTGTGAGT

GTGTA 
273 

TTGGGATCACTTTCGCTTGCAGAAAAAGTCTCTGTTTGCATGCATGCATGCATGTGT

GTAGGTATTGCACAAGTATTGTACGTAGCGATCGATCGCATACCATTCATTCATTC

ATTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCT

TTCTTTCTTTCTTTCTTTCTCTCTTTCTCTCTTTCTCTCTTTTCTTCTTCAATCACTTGG

TACACACTCACACGCCTCTTTGTTACAGGCGTGTGATAT 

TG 37 CAGTAGTCTGGTTGGTC

GGT 

GCCGAGGATGTCACA

TTCAC 
234 

CAGTAGTCTGGTTGGTCGGTTGGTTAGTTAGGTTTGTCGCTCGCTCGCACACACGA

ATTAGTACTGTGGATTATGCTACGCACAGATACAGAATGGATTTCGGTAGTTGGTA

GTGTTGTTTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT

GTGTGTGTGTGTGTGTGTGTGTGTGAGTGAATGTGACATCCTCGGCTCGGTTGACA

CATTTCCCT 

GTGAAGAGA 8 TGAAGGGGGTGAAGAG

AGTG 

CGGGAAACAGGATTG

CAGAG 
280 

TGAAGGGGGTGAAGAGAGTGAAGAGAGTGAAGAGAGTGAAGAGAGTGAAGAGAG

TGAAGAGAGTGAAGAGAGTGAAGAGAGTGAAGATAATAAAATGATAATATAACA

CTGATTGGAAGAACACAGAGGGTGAAGAAGCAAGGTAAGACGGTAACTCACACG

GAGGAAGCTGGGCAGTGTTCTGTTGTAGAAAGTGGGGTGGTAATAATAATACAGT

GCCTTGCACAACCACCCTGCCCACCCGCAACTCTGCAATCCTGTTTCCCGAACCCC

AAACCGG 

AGT 24 AACACAACTGGCACACA

CAC 

CACCTAAAGCTCCCC

AGGAA 
266 

AACACAACTGGCACACACACGCACAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAATAGTAGTAGTAAT

AGTAGTAGTAATAGTAGGGTACTTATACACCGACCCCCCCCCCCCCTGCTATAGGC

GATAGGTAGGGTATGACTATATCTCTTCATGTAAGCTCACTCACTGTAAACACTAT

TACTTTCCTGGGGAGCTTTAGGTGCTCAAAGGAGATATGAGGT 

CT 33 CTTGGCTCCCGACACTTT

TC 

GGACGATGACCAAAG

GATGC 
298 

CTTGGCTCCCGACACTTTTCTTTTGTTTTATTTTTCAATTTTTCGTTTCGTAGGAATG

CGATGGATCTGAGGCGGCTCCTGTGGGGGCCACCATCGTAACTATGAAGTGATCCT

AGTGATCCTCCTGTCTGCCGCCCACACGCTCCACACGCTCTCTCTCTCTCTCTCTCT

CTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTTACTCTTTTGTCTC

AGCACCACCCACCATCTGTAAACTTCTCGCATCCTTTGGTCATCGTCCCGGTGGATT

GGTCCGCAAA 

TTGTCA 11 TGCTCTACTCCTCCTCCC

TT 

TCCGACGATCTGACA

GTAGC 
254 

TGCTCTACTCCTCCTCCCTTTCTCCCTCCCTCTTCCTAATCTTTCCTATCTCTTGTTCC

CCTTGCCGTCCCTTACTTGACCGTTTCCCCCCCTCTCCTGTTGATCTATCCTTATTCT

CCCGTTGTCATTGTCATTGTCATTGTCATTGTCATTGTCATTGTCATTGTCATTGTCA

TTGTCATTGTCATTGTCTCCTCCTTTTTGCCTCATAGAAGGCTACTGTCAGATCGTC

GGAGACAAAACATGTCCCCTAG 

A 65 GTCGTAATCAGCCGGTC

AAC 

TGGCCTTGAATTCCC

AGACT 
270 

GTCGTAATCAGCCGGTCAACTCAGAGAACAGGTTACATATCGACTCTCGTGGAGCA

GAAGCCCAAAGAAAGTTTGTTCCGTAGATTTTGTAAATAGAAGAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

TTCACCTTCACGAAGCCAGCTCAGAATAAATTGCTTGGAACACTGTTCAACCATGA

CATATCTTGAAAGTCTGGGAATTCAAGGCCATCCAACAGTATTGAATTGA 

CT 32 AGTTCACTGGATGGGGA

CTG 

GCCTCTTTTGTGCCAT

AGGG 
317 

AGTTCACTGGATGGGGACTGTGCTACACGAATAATTATCAGCTTCCTGTCCTACAT

GACCTTGCCTACTGGCACATACTGACCGTTTCCCAACACACACACACTCACTCACT

CACACACACACACACACACACACACACACACACACACACACACACACACACTCTC

TCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTG

TGAAAGCATATGATAACGAAGTCTCCCCCACCTCCGAAACGGGCGGTCTTACCCTA

TGGCACAAAAGAGGCTAGCATATGCATCATGAGG 

T 64 CCATCCAGGACAACTCC

AGT 

AAGCCCAGATGGAGA

TCTCG 
199 

CCATCCAGGACAACTCCAGTAGCCACCGTACTCATAGTTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGTTTTTCCCCCAAAAAC

TGATCGCCGGCTGGCCAGGCACCAGTATCATCAGATTACGTCGAGATCTCCATCTG

GGCTTTTGAATGCGAGGGGAAGCA 

TAG 19 CATAAGGCAATCACACC

CCG 

AGTCGGCTGCTAGTT

AGTGG 
251 

CATAAGGCAATCACACCCCGTAACTGCAATATGAATTCAATTTAGACTTACCAACA

AGTAGTATATTGATACATTCAATACTAAGGACCTCCTTCTCAATCCAACTCTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAAC

CCCCCCTCTTCCACCTGCTCATACATACACCCTATCCAAATAAGCCACTAACTAGC

AGCCGACTGTCATCACATAATACACAA 
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ATG 19 TTTAGCGGGGGTGTTAC

ACT 

AGAACACAACCCTAG

GCACA 
245 

TTTAGCGGGGGTGTTACACTATGATGATGATGATGATGATGATGATGATGATGATG

ATGATGATGATGATGATGATGATTCATACGCTGACCCCTCGCCTAGGCGACATGCA

GGGATCCACTATCTATACGCTCTATGTACATCCATTGAACGTGAACGATTACTTTCC

CGACGAATTTAGAGCCTCGTCAAGGCCTGTGGTAGCCTGTGCCTAGGGTTGTGTTC

TGCCGCCCTCGTGGCGTGCG 

CA 27 TCGTCATCATCACACAA

CGC 

TGATGTGCAGGTAGG

GTGTT 
296 

TCGTCATCATCACACAACGCAGGACCCCAATCTATTCATCACCCACACACACACAC

ACACACACACACACACACACACACACACACACACACACACAGCCTAGATCTACAG

ATACAACAAACCAAAATGTCCTCCACCCCGAACCCCGTCCCTCGACATGATCCCCC

CAACATCCCCCCCAGCACACTCTGCACCACCCACGCCTACCACAGCCCGACCCGCC

TACGCCGCCTCTACTACGACACCGACCCCAACAAAACACCCTACCTGCACATCACC

AACGTGCCCCCGACCCT 

GAGGAGGAA 6 GGAAGAAAATCGCACTG

CCA 

CCTGTAGGCTCTCGT

TCCAT 
289 

GGAAGAAAATCGCACTGCCAGAGAGGAACGGGGGCTTCTGGATGTATATGATGAT

GACCTTTCAAACTGCACAGAAGAAACCAGCGCACAAAACCTTCTTGATGCTGAGC

ACGAGCTCATGGCCGCACTAGTATCGGCGCAGCCTCCTCAGGAGGAGGAAGAGGA

GGAAGAGGAGGAAGAGGAGGAAGAGGAGGAAGAGGAGGAAGTGGAGGAAGTGG

AGGAAGTAGAGGAAGAGGAAGTTAATCATGCTATGGAACGAGAGCCTACAGGCAT

GGACGACGACGATATA 

ATT 18 TTCTGATTCTGCCCACCA

CT 

CAGAAGCTGCAACAA

GAGCA 
245 

TTCTGATTCTGCCCACCACTCTATTGGATTTTTCCCCTGATTCCCTTTTATTCTTGTT

GTCGTTTGTGTCTCATTATTATTATTATTATTATTATTATTATTATTATTATTATTATT

ATTATTATTATCATCATCGTCATCATCATTATTATTAATTTTTTTTTCTTCTTCTTCTT

TTTTCTTTCTCTCTCATTCCTTTTGTTCTCTGCTCTTGTTGCAGCTTCTGTTCGGCGTT

TCTTACAAGA 

CTG 18 CTACCGCCTGTTTCATTC

GG 

AAGGGAATACGACA

GCAGCA 
121 CTACCGCCTGTTTCATTCGGGCGTGCTTTGTGCTTTCTGCTGCTGCTGCTGCTGCTG

CTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGTCGTATTCCCTTTGCTTTTTCTTGG

TGGATG 

GT 26 CGTATGCCACTCATTCG

CAA 

GGGACAATGGCAGCA

GTATG 
289 

CGTATGCCACTCATTCGCAATAAAGTCCATTAGAAAGTGTGTTAAATGGATCTGTG

ACATACCCTTTCGGCTGAGCCGCCGGGCGTTAATGAATTTTGTGTGTGTGTGTGTGT

GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTATTATGATTGGAGGCATTGAG

AAGTCTATGTTGCATTTTCAAGCTTTTGTTTGACTACTTCCTTTGACCGACCTTCCTG

CTGAAGCGCGCAAGGAATGTTCCATACTGCTGCCATTGTCCCATTTCCACCTCACT

ATATA 

GA 25 GGCCCTGGCTGATCTGA

TTA 

ACACACACACACACA

CACAC 
205 

GGCCCTGGCTGATCTGATTATCACTCAAGGAAAGAAATTTCCTCCAAAAGCAGTCT

CACCATCCATACCAGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG

AGAGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTG 

TGAT 12 GTTGGGTGATGACGACG

AAC 

CTTTCTCGACTGGGG

TGGAT 
308 

GTTGGGTGATGACGACGAACGGGAGTGCGCGACTCGTCATGCTTTTGGATCCATTT

CCCATTTCGATTTCGCGGGCCCTACGGTTTGTTCTAAACTGAAAGTCACTAATCTCC

CCACGTAATGAATCTTGGTCAGCCGTGATTGATTGATTGATTGATTGATTGATTGAT

TGATTGATTGATTGATTTAATTGATTCATTTGATATCCACAATATTCTTTTGTCCGTC

CAGCACTACCTACATATCTACCTAGTACCTACTAGTTCGTCATCCACCCCAGTCGA

GAAAGTAGTCGTCAACAGAAGGGA 

AGTG 12 CAGGAGTGATGGAGGAG

GAG 

TCTTTTCCCCCGACTC

CTTC 
206 

CAGGAGTGATGGAGGAGGAGGAGGAGGAGGAGGAGTAGGAGGAGGAGGAGGAG

CAGCAGATGGTGATGATGATGATGATAGTGAGTGAGTGAGTGAGTGAGTGAGTGA

GTGAGTGAGTGAGTGAGTGAGAATGAAAGATAAGAAGGGAGATGGAATTAGAAA

AGTGGGAAGGAGTCGGGGGAAAAGAATATGAGAGCTGAAGATGA 

GGAAAAAAT 5 GGCGGCTACGATGAAGT

TTT 

TGCAGGTAGCTCGAG

AAACA 
280 

GGCGGCTACGATGAAGTTTTGTGGCGAAGTGACAAATATTTTCTCCAAAAGTAGAA

AACCGTGTAGTGTAAATTTATTTATAGGATGCTGGTTTAAGGAAAAAATGGAAAAA

ATGGAAAAAATGGAAAAAATGGAAAAAATGGAAAAAAAGGAAAAAAAGGAAAA

AAGAGGGAAAAAAGGAAAATAGGAGAAAAGGAAAAAAAGGAAAAACGAAGACT

ATCTAGATGTCCTCAATTGCCCCTGTTTCTCGAGCTACCTGCATTACCATCTGGATA

ATTGC 

GAT 15 TGAGGCATGATTGGGTT

CCT 

CCGGGTTAGTGGTAT

GCTCT 
148 TGAGGCATGATTGGGTTCCTTTACTGGTTAGTCCACCACGCTGCCCCTCGATGATG

ATGATGATGATGATGATGATGATGATGATGATGATGATTATCATTGTGATCTGAGA

GCATACCACTAACCCGGGCTAGGCAGCTGCTGCCGT 

CTT 14 GTGCAGGTTTAGCAGCT

TGT 

TCTGGCAGAGAGGAA

AGTGG 
266 

GTGCAGGTTTAGCAGCTTGTGAGAACAAGCCGCCCTTAGCCCCGAATTTGAAAGCA

CCGTCAGGAGTGGCCTCTGGACTTGCCTCCGCCGACTCTGGTTCGCTGATGTCTCG

GGAGACTTCTTCACCGCTATCTCCAAAATCGGATTCATCGCCCTCCTCTTCTTCTTC

TTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCCTCTTCCACGTCTTCCTCGCCTTCCC

CACTTTCCTCTCTGCCAGACTCATCGGCATCGGATTCG 

ATG 14 ATTCAAGCGATGTACGT

GCC 

GGCGTACATCTCTCG

GGATT 
264 

ATTCAAGCGATGTACGTGCCTCTTCGAGGAACTTCGAAGCATTCTTGTCCGCCTCTA

GGATGTAATCATTCCTTAGCCGGTCAAATTCGAGAGCGATATCCGCTGAGCGGGTT

TGCTGCTTCATGATGATGATGATGATGATGATGATGATGATGATGATGATGATAGA

AGGGAAAAAGAGAAAAAGAAAATGCGCTCTTTATAAGTTTTCCGGCAATTACGAA

AAATCCCGAGAGATGTACGCCACATATTCGGAATTATTCA 

ATC 13 GAACCTGAAGCTAGGCC

TCA 

CCGTATTTGGTTCTTG

CCGT 
247 

GAACCTGAAGCTAGGCCTCAAACAGACACGATGGGGTGGGAAATGGTCGTCATCA

TCATCATCATCATCATCATCATCATCATCATCATCACCATCACCACCATCAACTCCA

GGCAGGGAGAGCAAATTGAACATATGAAATGAAATGCAAGCGACAGACTAATTGA

TCGGGAGTCACATGCAGGGAAGGGCGGAGAACCTTCCTGCAACGGCAAGAACCAA

ATACGGAAGGCGCGACTCCAGCGGA 

GTT 13 GGTGTGCGTTGTTGTTGT

TG 

CCACACACCATAGCA

TCAGC 
189 

GGTGTGCGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGCTTAGTTGGAC

CAGCTGAATGTTGAGGTTCGGATTGCTTGTGGTTGTTGGTTGGGTCGGGCTCGTCTT

GGGGAGGGGTCCAGTGGTTGGAGGTTCGGTCTTCTGCTGATGCTATGGTGTGTGGG

TTTGAGATGGTGCTTTGT 

TA 18 GTCGAGGAAGAGGGTGA

GAG 

GTTCACACGTCAGCT

CCATC 
268 

GTCGAGGAAGAGGGTGAGAGGGCGCTTCATGAACCAATGGATTGGCCTTTTTATAT

ATATATATATATATATATATATATATATATAATTCAGTAGCGAGAAATGTCTGTAA

TTTCATTAGTGAACACCGTGTATCCGCGGGAAAGGAGGGTGGCTTTAATGAGATAT

CCTGTCCGACCACACACGTGTAGCTGTTCGAATCCAAGCTCCCGATCTCGGGCCAG

TTGACGATGGAGCTGACGTGTGAACTCCTGCGGTCCGATGGAGT 

ACC 12 AAATCACTCCCCTCATC

GCA 

AGTTCGACGATTGTG

GAGGT 
161 AAATCACTCCCCTCATCGCAGAATGGCTCTCCAACAACACCACAACCACCACCACC

ACCACCACCACCACCACCACCACCAACAAACCCAACCCCCTCTGGACACACAACA

TCCTAACTCCGACCTCCACAATCGTCGAACTCGGCAGCGGCATCTCCGCC 

AAAAT 7 CGCATTGCCTATTCCAA

CGA 

TGGACAGGAAAAGG

AGGCAT 
203 

CGCATTGCCTATTCCAACGACCCCGAGCGAGGATCTATCTCTCTTAGTATCAAGGC

AAAAAAAAAAAAAATAAAATAAAATAAAATAAAATAAAATAAAATAAGAAGTAG

AAATGTCAATTTTATGCATGACAAGATTATTGAGGATTCTGATAAAGCTATCAGAT

GCCTCCTTTTCCTGTCCACAAAAAGTAAGGTATCAGT 

GCCCTAAC 4 ATGGGTTGCAGCATGAA

GAC 

GCAGGGTGATATGTT

GGCTG 
207 

ATGGGTTGCAGCATGAAGACTTGGAAGAGCAGAGGCGCAGCGCCGCGTACCAAGA

AAGCCCTAACGCCCTAACGCCCTAACGCCCTAACGCCCGATTTCTGCTGCATCCTG

TGCTCAGATCACAATTGTACCGACCACACACAATGACATATTGGGTCCCAACTTCC

TCAGCCAACATATCACCCTGCGCTACAGGGCAGCGTGGAG 

G 31 TGGCTTTCGACAGGAAG

AGT 

CTGCAGTCACGGTGC

TTATC 
303 

TGGCTTTCGACAGGAAGAGTCACTAGGGGCAAGAAATATTGTGCCCCTTAAAGCCC

CTGGCTAAGAAAATAATAAAGCGTTTTAATGCCGAATACCGCATGTCTATACTACC

TCCCTCTTTGTAGTACTAGTATGCAACGTATGTCATTGATTCGGTCCTTGACTGAGA

GAGTAGTATGCAGAGCAGAGAAAGTTGGGGGGGGGGGGGGGGGGGGGGGGGGGG

GGGTATTTGGCAGCTGATGAAAACGTTGTGAAATGAGGAAAGATAAGCACCGTGA

CTGCAGACGGCCGGTCTAATTGAGT 

C 31 GAGCATCTTCTCCTTGCA

CG 

GGAGCTTCTACAGTT

GCAGC 
257 

GAGCATCTTCTCCTTGCACGTGCATATCAAATCATTGATCGAGAAACAAGCCAGCC

GGCAGCTGCGATAACCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAACAAGATGC

CGACGAGGCCCTTTTGGAGGGTTAGCTCGTACCGGAAGCTCATGAGCCTCGCTTTC

AAACTCAGGAGGCGAAAGCTGAAGACGCAATTGTGGCAGATGAGGAACCCGCTGC

AACTGTAGAAGCTCCTCCTTTCCCCACTAATCGG 

G 30 TTGTTGTCAGGCCATTGT

CG 

TCTGCTCCGACCTCT

AGAGA 
257 

TTGTTGTCAGGCCATTGTCGGAGGAGCTGGCTTGTCAGGTGTTTCTTAAAGACCCT

ACAACCGACGCCAGCCAAGGATCGACGACTGAAACGGCTCTGGGGGGGGGGGGG

GGGGGGGGGGGGGGGGGAGGCAGGCGGGGAAGAAGAAGAGGAAGGAGGGAGGC

TCCACACTCTAATGGCGCATGTAGCAACGAAGGCCAGTCATGAATTCGAAGTCTAT

CTCTAGAGGTCGGAGCAGAAGCCATGACCGTCGTAGTG 

AACAG 6 GGCGATCATGAACTGGC

AAT 

TGGAACCGATGATTG

GTGGA 
229 

GGCGATCATGAACTGGCAATGGTGGGTTCGGAGAGGGGAATGGCGTAGCACGGAA

GGGAAACGGAACGGAACGGAACAGAACAGAACAGAACAGAACAGAACAGGCGG

GCTAGGCGGTTCTATTAAGTAGTTTACTTCCCCCGCATGATCGAGACGTGGTGGTG

GATCGTGCTAACATCCTATGGCTTGTTCCACCAATCATCGGTTCCAAAACTGGACG

CTCTGTTCC 

ATCT 7 GGTTGCGCTGAATTTGG

GTA 

TTCGTCACTTTCTGCT

TGGC 
243 

GGTTGCGCTGAATTTGGGTAATCCAATCTATCTATCTATCTATCTATCTATCTACTA

CCATTACTATTGCTGCTTCTGCTGCTGCTACTGATTGAAGTAGTTTTTCCATTGGTTC

TCCGCAAGAATAAATAAGAATAAGGACAGAAAAAGCAGGGTATAATTGTTGAGTG

AAGAGTAACAAGAAACTTTATCATTTTTAGGAAAGCCAAGCAGAAAGTGACGAAA

TTAGTAAGACAAGGGGCC 
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Tabela Suplementar 3. CEPA KJC3 
 

Unidade STR Nº de cópias Primer left  
Primer 
reverse 

Tamanho do 
Amplicon 

Amplicon 

ACTACTACG 19 CTGAGCCATTCTGAGCG

TTC 

GTCGTCGTCGTCGTA

GTAGT 
257 

CTGAGCCATTCTGAGCGTTCCTAATTTGAAAACCTCGGGAATATGACTATGTACAT

ACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGAC

TACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTA

CTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACT

ACGACGACGACGACGACGACGACGTACTATTAT 

TAC 56 AGGAGGTGAGGCTAGGT

ACA 

TGTGTGTATGTGGTG

GTGGT 
305 

AGGAGGTGAGGCTAGGTACACAGCGCTAATCCTAGATTGGAGGATGTAGAGTCCG

TCCCAGGCCGCCTAGAACAACAACAACAACAACAACTACTACTACTACTACTACTA

CTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTA

CTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTA

CTACTACTACTACTACTACTACTACTACTACTACGACTACCACCACCACCACATAC

ACACATACACAAACACACACAATT 

TCCAGGTTG 16 CGACACAAGCGCAGGAA

ATA 

GGACAAACTGGACAA

CCTGG 
248 

CGACACAAGCGCAGGAAATACGGAAAAACGACCACGTCTAGTGCCTTTGTCCCAG

ACCGGTCACATGGCTGTCTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCC

AGGTTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAG

GTTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAGTTT

GTCCAGTTTGTCCAGTTTGTTGG 

GTA 42 AATAGTAGGCCCGTCGA

TGG 

TGGTTCATTCCCGAT

GGCTA 
307 

AATAGTAGGCCCGTCGATGGAATAATTTTTATCTTATTTTCTATTTTACACTGTGCC

TTGTAGTATATAGTGATGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAATTAATTGTATGTTTGAGGGCAAGT

TGTTAGGAGCATATGAAACAGGATGTGTATTACCGTACTGAGTTAGCCATCGGGAA

TGAACCATTGGCTCTATCTTGGGTTG 

GTA 36 TCTAGCCACATGTGATG

CCA 

GGCGAGGGGTTAGTG

TATGA 
263 

TCTAGCCACATGTGATGCCATTCAACACCAGGAAAAAGATGGCCTGAGACAATATT

GATCATAAATTCTGCTGGGTTGACCCCAGTATTGGAATTCCATAGGGATTGTTGGT

TGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAG

TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTATAT

TCATACACTAACCCCTCGCCGGAGCCATATGCAGGTATC 

AGAC 25 ACTCATATCCCTTGCGTG

CT 

TTACTCCCGTTGTTCC

GTCA 
287 

ACTCATATCCCTTGCGTGCTTTGCTCCTGCAGTGTGTGTGTTGGGTATAAGCCATGT

GCGAGAAGCAGCTGCACGAGTGCTGTAGTAGTCTAGTAGTCTATTCGGGTATTTTA

TCAGCCAGTCTGCAGCAACAATTGTAGTGTCTAGACAGACAGACAGACAGACAGA

CAGACAGACAGACAGACAGACAGACAGACAGACAGACAGACAGACAGACAGACA

GACAGACAGACAGACAGACAGACAGCTGACGGAACAACGGGAGTAACGCATCCG

CATTCCATCAA 

GT 49 AGAAGGAAAGGACGTA

CGGG 

ACACTCACGACATCA

CCCTT 
293 

AGAAGGAAAGGACGTACGGGCTTTGCGCTTGCGGTAGAGGGAGGAGAAGGTTGCG

AGGGAGCCGAGGAGGACGCCGAGGTAGGCGAAGGGGACGGCGAGGGTGAGCCAG

TTGACCATTTTGGTTTTGTTATGCTTCTATCTGGCTGTGGCGTGTGTGTGTGTGTGTG

TGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT

GTGTGTGTGTGTGTGTGTGTGTGTCTGGTAAAGGGTGATGTCGTGAGTGTAGGTTT

GGGCGGGTGATGT 

AGT 31 AACACAACTGGCACACA

CAC 

CACCTAAAGCTCCCC

AGGAA 
283 

AACACAACTGGCACACACACGCACAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAATAGTAGTAGTAATAGTAGTAGTAATAGTAGGGTACTTATACACCGACC

CCCCCCCTGCTATAGGCGATAGGTAGGGTATGACTATATCTCTTCATGTAAGCTCA

CTCACTGTAAACACTATTACTTTCCTGGGGAGCTTTAGGTGCTCAAAGGAGATATG

AGGT 

TGT 31 TTCCCCTATCGCTCATGC

AT 

GACGACGACGACAAC

AACAA 
220 

TTCCCCTATCGCTCATGCATCATCTACGTAGTTGTCAACGTCATTGTTATCATTCTC

ATCATCATCATTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGTTGTTGTTGTTGTTG

TTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTT

GTTGTTGTTGTTGTTGTCGTCGTCGTCTTCTCCTTGTTTTTCTCCT 

AAAGTAGGG 10 AGGAAGAAAGGTGGGA

ACGG 

CGGACTTTCTTCCCC

AGACT 
271 

AGGAAGAAAGGTGGGAACGGGGAAGGAAATGGTAGAAAGAGACATGAGAATAGC

AGAGAACAGCAGAATAGTATGAAGAACAGTAGGAAAAGTAGGGAAAGTAGGGAA

AGTAGGGAAAGTAGGGAAAGTAGGGAAAGTAGGGAAAGTAGGGAAAGTAGGGAA

AGTAGGGAAAGTAGGGAAAGTAGGTGAATGTAGGTGAATGTATGGTAGAATGGGG

AGTTGTAGGAGAAGAAGTCTGGGGAAGAAAGTCCGGGGGCTCAAGGGGCAATTT 

TTTTTCTTG 10 TACATGTCCCCTCCCACC

TA 

CATCCTCATGTGGCA

TGAGC 
233 

TACATGTCCCCTCCCACCTAATACAACTCCCATTTCTTTTTCTTTTTCTTTTTCTTGTT

TTTCTTGTTTTTCTTGTTTTTCTTGTTTTTCTTGTTTTTCTTGTTTTTCTTGTTTTTCTT

GTTTTTCTTGTTTTTCTTGTTTTTTATTTATTTATTTATTTATTTATTTTTATTTTGTTT

CCGCGACGAACGTTAGCTCATGCCACATGAGGATGGTAAATCGCAGGGACTCCC 

AAAAAGTA 11 TTGGAGTTGTGGGTCGC

TAT 

GCTCGAGCGGCTATA

GTGTA 
304 

TTGGAGTTGTGGGTCGCTATAGCGCCAGAGAAATATTAAAAAAACATAAAATAAA

GTAAAAAAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAA

AGTAAAAAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAA

AAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAAAAGTAAAGAATTAAAAAATAAA

AATAAAAATAAAAGTATTCTTTTGGGGAAGAGAAGTAGGATTAAATCGTACACTA

TAGCCGCTCGAGCGAACTCTATCGCTCGCATA 

CCA 29 GATGATTTGGTGACGCT

GCT 

CGTCGAGACTGTCCG

AGTAA 
256 

GATGATTTGGTGACGCTGCTTCGCGCGCAGGCGCCTTCTCATTCCCATGCGGGGGA

TTATGCAGAGTTGATTGATGATCTGCGACGAGAGCCAGATGAAGACCTCCATCACC

ATCCACCACCACCACCACCACCACCACCACCACCACCACCACCACCACCACCACCA

CCACCACCACCACCACCACCACCACCACCACCACGCTCGCAGATCAAGGTTACTCG

GACAGTCTCGACGGCGGAGAGATCCATCGACT 

GGA 28 TGTATGCGCAATTGGAG

TCG 

CATCTCCGTATCCTG

GTCCC 
306 

TGTATGCGCAATTGGAGTCGTTGACGACGACGGTGGCGCAATTGAGACGGGATGC

GCCGGGCCGGGCGGCGAAGGCGTATGCGGAGCAGTTGAGGAGGGCGTTGAGGGA

GGATGAACAGGAAACAGAAGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGG

AGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAG

ATGAAGGAGATGAAGGAGGAGGAAGATGAAGAAGGGCAGCAGCAACAGGGTGGG

GACCAGGATACGGAGATGACTGATGCTGGGAGCACAA 

AC 40 GAGCTCCTTTGTGGTGT

GTG 

GGAAACCACTCCATC

ATGGC 
234 

GAGCTCCTTTGTGGTGTGTGCTTTTGGATAATGCATTCAAGTCAGTCAGTCTACGCG

CACACACACGCAGCACACAAACACACACACACACACACACACACACACACACACA

CACACACACACACACACACACACACACACACACACACACACACACATCCATTTAC

CCACTTGGCTAGTCCCATGTCAATCCCCGCCATGATGGAGTGGTTTCCACCTGTCTG

TCTCCTCTTG 

TAC 25 GTGAACTCTTGGCAAGG

GTG 

GAGTGTCGCAACTGG

CTTAC 
310 

GTGAACTCTTGGCAAGGGTGTCAGGACCCGAGGCGAGTGGCGCAGGGTCAACACC

ACGTTTTGTATTATATCTACGCTTCTACGCTTTGTATGTACATGAATAGCCTCCCTA

TGAGCCTATGAAACAACCTGCACAGTAAGGCCACTAGTAAGGCCGGTTATACCAG

GTATATGAATACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACTACTACTACTACTACGATGGACTCACGGGCAACTGGTAAGCCAG

TTGCGACACTCATCTATATCTTTATATTAC 

A 69 GCCCTCGTCATCGTGAA

ATC 

ATAGCAGTGTCATGG

TGCCT 
319 

GCCCTCGTCATCGTGAAATCTCCCAATGGAGCCTCTGATATGAAACGGCAACTCTC

TCCCCGCTTGTAATAGACACCGCCATGGATAACGCTTCGCGAGAGTTCCCGCTCTT

CCCTTCTGGCACGATGCTGCGACCGGACCTATATATGCAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAC

CTCACTTATTCTGATGACAGATATTAGATCAGTAATACTTAGCGAGGCAGGAACAG

ATGCAGGCACCATGACACTGCTATCTTGCGTGATTCGCTTCAA 

GTA 22 GGACATCTGCAGGTCGT

AGT 

GATGTCAGTAAGGCC

GGCTA 
186 

GGACATCTGCAGGTCGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAGTCGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAG

TAGTAGTAGTAGTAGTAGTATTCATTAACCTGATATAGCCGGCCTTACTGACATCT

GCAGGTCGTCCAGCTCCT 

AGTGATGG 8 AATGTCGGCTGAAGGAT

CCA 

CACTCCACCACTCCA

TCACT 
238 

AATGTCGGCTGAAGGATCCACCCCCGCACTTCTCTCTTTCTAGATGATGATCGACTT

GAAAACCTTAAGAATATAGGACAGATATGGTTTGATGGGTCAGCTAATCATAACCC

TAATTTTGGAGCTGTGTCTGAGAAAGTGCAAGTGATGGAGTGATGGAGTGATGGA

GTGATGGAGTGATGGAGTGATGGAGTGATGGAGTGATGGAGTGGTGGAGTGGTGG

AGTGGTGGATTGACA 

CTCA 16 TCTTTTCCCCCGACTCCT

TC 

TGATGGAGGAGGAG

GAGGAG 
216 

TCTTTTCCCCCGACTCCTTCCCACTTTTCTAATTCCATCTCCCTTCTTATCTTTCATTC

TCACTCACTCACTCACTCACTCACTCACTCACTCACTCACTCACTCACTCACTCACT

CACTCACTATCATCATCATCATCACCATCTGCTGCTCCTCCTCCTCCTCCTCCTCCTC

CTCCTCCTCCTCCTCCTCCATCACTCCTGCGTCGCGTCCTGC 

TAAAATAAA 7 GCTGTGAGAGCCGATCA

AAT 

GCTGAGAGTAGCCAG

TCTTAG 
317 

GCTGTGAGAGCCGATCAAATATGTCTTATTTAGTACATCTAGACTAGAATATGAAT

ATGAGGAGGAAAAGAAGATAGTATAAAAAAATATAGATAAATAATAAAGATAAG

TAAATAAAGTAAAATAAATAAAATAAATAAAATAAATAAAATAAATAAAATAAAT

AAAATAAATAAAATAAATAAATAAAATAAAATAAATAAAATTAATAAAATTATAT

TATATAATTTAATTATGTATCTCTGAATACTACTTTTTATTATATTATCTTTCTTACT

AAGACTGGCTACTCTCAGCCAGAAGGATATTATTATTCT 

GAGCCT 10 CAAGGAGAGAACACGA

CCCT 

ACGGTAAGGCTCCTC

ATACG 
297 

CAAGGAGAGAACACGACCCTATGCTTCAGCCTGAGCCTATGCTTGAGCCTTACTGT

GAGCCGGTGTGTGAGCCTGAGCCTTTGTGTAGGCCTCCATATATGGAGCCTTCCTTT

GAGCCTCCGTGCGAGCCTGAGCCTGAGCCTGAGCCTGAGCCTGAGCCTGAGCCTGA

GCCTGAGCCTGAGCCTGAACCTGCATATGAGCCAGTGTGTGAGCCTGAGCCTGAGC

CTGAGCCTGTGTATGAGCCGGTGTGTGAGCCTCCGTATGAGGAGCCTTACCGTGAG

CCTGAGCCTGAGCCTG 

CT 30 ACACACACACACACACA

CAC 

CAAAGTACGGCCATG

ACAGG 
276 

ACACACACACACACACACACTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC

TCTCTCTCTCTCTCTCTCTCTGTTTCCAGCATGTGCTCTAGGGGAGGTTCTGGCCGG

AGTAGCTTCGTTTCTACCGCGGGAATCGCCATCAGGTTGTGGAACAGCGATCTAGC

GGTGCAGCTGTGGCCAATGAACTCAGTGGGCCGAAAAAGAGAATGAATCTGGTGC

TTACAAGGGGGCCTGTCATGGCCGTACTTTGGTGGGCTACTATAACACTG 
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CA 29 GCCGAATTTCCTCGCTC

AAT 

TTCTACAGACGCCAA

AGGGT 
166 GCCGAATTTCCTCGCTCAATTCCAACAATAATATCTTTTTTTTTGTCTTTACCCTTTC

CACACACCCACCCACACACACACACACACACACACACACACACACACACACACAC

ACACACACACACACACCCTTTGGCGTCTGTAGAAGCTACGTTCGGAGGGGCTC 

AG 29 ACGGACAGGTCTGAACG

AAT 

CGATCAACCATGTCA

CCCAC 
150 ACGGACAGGTCTGAACGAATCGAGTGTGGTCATCAGCACGCAGAGAGAGAGAGAG

AGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGAAATACG

AGGGTGGGTGACATGGTTGATCGGTGAATATCAAAATTAAAT 

ACAT 14 ATCCCAGGACTCCGTTG

AAG 

TCTTCTCTTCATCCCT

CCCG 
220 

ATCCCAGGACTCCGTTGAAGTAGTATCAGGTATTCGCTTGATACAAAACAAAGGAA

AGGGAAAGACACTGACAGACAGATAGATGAATAGATAGATAGACAGATAGACAA

CACATACATACATACATACATACATACATACATACATACATACATACATACATACA

TATCCTAGCCGCTTGCGGGAGGGATGAAGAGAAGAAGGAATGAAGATAATTGCC 

TC 28 ACACACACACACACACA

CAC 

GGCCCTGGCTGATCT

GATTA 
213 

ACACACACACACACACACACTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC

TCTCTCTCTCTCTCTCTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

TTCCTGGTATGGATGGTGAGACTGCTTTTGGAGGAAATTTCTTTCCTTGAGTGATAA

TCAGATCAGCCAGGGCCCAATATGGAATAAACCAAT 

AGT 18 CCCCATCGAATTGAGCA

TGG 

GTAGGGCCATGTGGA

GTCTT 
284 

CCCCATCGAATTGAGCATGGCTACCGCGCACGACTAGAATTGATAGAATTGAATTC

GACGGTGATTTCGAGACAAGCAGAGCCCGGAAGTAAGGGGCCCCCTAGAGTTATC

TGGTCACGATGAAAGTACACACAAGGAACCGGTTTAAGCAGCAGCAGCAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTCGAGATGGT

ATGTGCATTCCGCCCGTGAAGAAAAGACTCCACATGGCCCTACGGATTCTTTTCCC

CTTGCC 

ACCCTCGCA 6 TTGAGGCAGATGTGACC

CTT 

TCGGCCTGTTCTGGA

TATCC 
277 

TTGAGGCAGATGTGACCCTTGCGACCCTCGCAACCCTCGCAACCCTCGCAACCCTC

GCAACCCTCGCAACCCTCGCAACCCTCGCGACCCAGGCCGACGCGGCCGACCCAG

GGATCATATATGCCAAGCACATCGTCTCTTGGCGTGACTTCCCCAAACTATTAGGA

AACCTGGGGGAAGTTCGACCGCACCGCTGCCTTTCCCTCTCGCCCACTGTCCCCTTC

TGATACCCAGATCGATGACGTTACGGATATCCAGAACAGGCCGATCTATTTAG 

TAT 18 AGGAGGTGGAGGCCCTA

TTA 

GACTGTCCAAACGAA

CAGCA 
266 

AGGAGGTGGAGGCCCTATTATTATTATTATTATTATTATTATTATTATTATTATTATT

ATTATTATTATCCTTAGTATGAGAATACTCAGTATAGTATAGGGAAAGACAATGAT

GGTGGGTTTGGGTTTGGGTTTTACTTTTGTGTCTTTGATTCTTGATGGGGTTGTTTCT

GTGAATAGGCTTGCCATTATGGGGGTAGTGCTGTATATGGAATCAGATGTCAGTTT

GCTGTTCGTTTGGACAGTCGATAGTAACATTATTTATT 

TTC 18 CAGGGGCATACCAAATT

CGG 

GTCATCGGCCGATCA

TAGGA 
209 

CAGGGGCATACCAAATTCGGGAGCTATCCATCGCATCGAATAGGTGGGCTAACGC

CCAGCTCGTAGAGTCTGGTGCGACTCCATGCAGGCATGGGATTCTTTTCTTTTCTTC

TTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTTTTATATCTC

CTATGATCGGCCGATGACAGGGTCGACGGGAACTTAC 

AAAG 13 AAGAGGCGTGTGAGTGT

GTA 

TTGGGATCACTTTCG

CTTGC 
229 

AAGAGGCGTGTGAGTGTGTACCAAGTGATTGAAGAAGAAAAGAAAGAAAGAAAG

AAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAATGAATGAATGAATGA

ATGGTATGCGATCGATCGCTACGTACAATACTTGTGCAATACCTACACACATGCAT

GCATGCATACAAACAGAGACTTTTTCTGCAAGCGAAAGTGATCCCAAAAACCAAA

TCCCACCCACC 

CCA 17 CAGGGATGGTAGGGTTA

GCC 

GCTATCAGCACAACC

CCATG 
246 

CAGGGATGGTAGGGTTAGCCACCACCACCACCACCACCACCACCACCACCACCAC

CACCACCACCACCACTGCCTCCGGAAGCTACAGTAGCTAGCTAACTAGCTTTCTAG

CTTATGGCTCGGGAAAGACAACGCAGACATGACTTGGATTCTGACGGGTTGGGAC

AGGGTCCGTGGCACTGCAGATGGTTGGGAGGTGATGATGATCATGGGGTTGTGCTG

ATAGCCCCTACCGTATGCCATTCA 

CTC 17 GCAGAGGATGCGGTATT

TGG 

TGGACAATCCGGGGA

ATGAA 
145 GCAGAGGATGCGGTATTTGGGGTGTGGATTGGGATTAATGAGTATATTCTTCCTCC

TCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCTTCTTCATTCCC

CGGATTGTCCATATACGGGAGGGGGGTGTT 

AG 23 CCCATCCATAACCACTC

GGA 

CCGCTCATCGAAACG

AACAT 
297 

CCCATCCATAACCACTCGGAACATGCTTCTTCCGCTTTGAAGAGTAAAATTCGGAG

AATATAATCAGCATTTTTTGATGGCTGGTACATGGGGTTTCCTAGGTAGAGAGAGA

GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAAAGGGAGGCTGCCAG

CACCCACGAAAAAAGACCCGTGGTACACTACCATGTGCGATCTCTCTTGCATGGAT

TATTATTACTAGGAGAGAGGACATAATGAGACATGTCATGTTCGTTTCGATGAGCG

GTCAGCTGGTTACTATTAAG 

TAA 15 CCAGCACGTATGTATGG

CAG 

CCACGGATGAGGTTT

ATGCG 
292 

CCAGCACGTATGTATGGCAGATGTCCACCAGAGCCGCCGCGGTGAGGAAGAGGGA

GGAGATTTAGTGCATCTCTAAACTAATCATCGTAACTGAACCAAAAAAAAAAAAA

AAAAAAAAAAGAAATAACAGTAATAATAATAATAATAATAATAATAATAATAATA

ATAATAATAATGAATTAATCAATTAAATTAAAAAATGAATAAATGGAAATAACCA

AAAGATTCTTAGCTTCCCGAGAATATCAAAGCTCGCATAAACCTCATCCGTGGACT

TATCCACCATAAGGTT 

GTA 15 TCGCAAAACGGCACTGA

TAG 

CTGACGTCAAGATGG

ACAGC 
290 

TCGCAAAACGGCACTGATAGTACTAGCAGTACTGGTACTGGTAAGTACTTAAAATA

TAGTATTGAAGCTCTACTACTGAAAAGTAATACTCCGACTGTAGTAGTAGTAGTAG

TAGTAGTAGTAGTAGTAGTAGTAGTAGTACTTGCGGCATAGTTAGTTGGTGTACTT

GCTTAGTTACAGCTCGGATATATAAATTGACGGAAGATTGGCTGATAGTTCCGTAG

CATTTGCAAAATACCCATCCCAGACAGGCTGTCCATCTTGACGTCAGGAAGTGATA

CCTCGAACAT 

CCATGCCCA 5 TAACCCGACTTGACCTG

ACC 

AACGCATGAAACGCT

CATCA 
257 

TAACCCGACTTGACCTGACCGTCAGCCAGTCTAAAAGAGTCTTATCCTCCGCCACC

ACCGCCGCCATCTCCACCACCGCCGCCATCTCCCCCATGCCCACCACCATGCCCGC

CATCTCCCCCATGCCCGCCATGCCCACCATGCCCACCATGCCCACCATGCCCACCA

TGCCCACTGCCGTCAGCGCCTCCGGGGTTTGATATATTCCATAACTGATTTGATGA

GCGTTTCATGCGTTCTTCGATAAGATCCTCGAG 

TGCTGTTGA 5 TGCACGACAAGGATAGT

GGT 

TCAGCAGCATCAACA

GCATC 
225 

TGCACGACAAGGATAGTGGTCGTGACAAGGAGATCGAGCAGGCCGACGAAGTACA

CGAGGACGAGCGGAGTCGGCGACGCCGCACGTTATGCGAGTATTACGTTTGGCAT

AGAGATGCTGTGGATAGGCCGCGAACTAGACGGTCGGACTTGTGCTGTTGATGCTG

TTGATGCTGTTGATGCTGTTGATGCTGTTGATGCTGCTGATGCTGATGATTGTGTAT

GA 

TGG 15 ATAATGGTGGTGGTGGT

GGT 

AAAATGGGGGACTGT

CTGGT 
176 

ATAATGGTGGTGGTGGTGGTGGTGGTGGTGGTGGTGGTGGTGGTGGTGGTGTGTTG

AGGGATTTCTCAAGGAGTTCGACATTTCCTTCTCCCAAGTACCATTCCGGTAGCCTA

TACTTCCTGCTACCTTCTGTGTCTACCAGACAGTCCCCCATTTTACTTTCGCTGCAG

AGCATT 

GATA 11 TTGGCTGGGAATGAGGG

AAT 

CTGGTTCTTCCCGGT

GAGAT 
279 

TTGGCTGGGAATGAGGGAATATACCGGTATGAACAATGTTCGCTTTCCTATGAAGA

AAGTCAAGTGCCTGGAGGATATATTTCAAGGTTTCTTTAAGTAGAAACTCGCCCAG

TCTTCGGGAGCTGGAAAGCATTCGCAGCTCGTGTAGAGACATATGCATTGGTGGAT

GCACCAAGCATGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATA

GATTAGATTAGATTACAATCTCACCGGGAAGAACCAGGAATTATTCCTCCAGTTCA 

CCT 14 AGGGGTATGTTGCTGAA

GCT 

GTTTGTAGAGAGGCT

GGGGT 
289 

AGGGGTATGTTGCTGAAGCTGTTGTTGAGGCTGTGGTTGTGGTTGTGGTTGAGATG

GAGGTTCTTGCTGCACACGAGGTGTATCCGTAGCTGCAGTCACAGCTGCATCCGCG

CCTGCAGCCGCAGCCTCATCCACACCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCT

CCTCCTCCTCCACCACCTTCTTCTCATCCTCCTGCTCATCCACCCCAAACTCCCCTCC

GAAATCCTCCCCCTCCACCCGCACCCCAGCCTCTCTACAAACCCCCCACCACTCCCT

CATA 

TCC 14 CCCTCACATTGAATCGC

CTG 

TACCTGACTGTTAGT

GCCGG 
240 

CCCTCACATTGAATCGCCTGACCCTATCTTTCACTCTTCCTCCTCCTCCTCCTCCTCC

TCCTCCTCCTCCTCCTCCTCCACCAGCAGCCCGCATCATCTAGCTTCTAAATACTCA

CTGCATCAATCAAGTCCTTCGATATTTCATCAGTGATCAAATCGTAACCATGCCCA

GGTCTGGGAAAGACTTCAGCTACAAGGGCTCCGGCACTAACAGTCAGGTAAGTAC

CACCCTATATTGTA 

AAT 13 TGTTCTGGCCGTTAGTG

ACT 

GACCGCGCATTAGTA

TTCGG 
261 

TGTTCTGGCCGTTAGTGACTCAGCAAGAGTGCCTTAGATGTGCTATATTTGAGTAT

AATTCCATCATAATAATAATAATAATAATAATAATAATAATAATAATAATATCTGT

TCAAGTATACCCAACAGAAGATCTATCACGTTGAAACTGGCACAATACTCATACCT

AAAGTAGCTACGAGTTTTATGATAACAATCACTAACTGGTGATATATTCATCCCCC

GAATACTAATGCGCGGTCTACAATGGCCCTCTATTAT 

GAG 13 ATGCGTCTCCAGGTCAA

AGA 

GAATCGAGCTCCTCC

TCCTC 
183 

ATGCGTCTCCAGGTCAAAGACTCGGAAGACGACTTGGACGAGAGTCCTGGTCATA

GCAAGCTGACAGATAACCAACAGAATGATCCATCATTAGACGACGACGACGACGA

CGACGACGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGCTCGATTC

CTAGAAGCGTGTGCGCTTG 

GGT 12 AGGGGAACACCACACTT

CAA 

TAGTCGCGGAGAAAG

GGATC 
285 

AGGGGAACACCACACTTCAAGCGCTTAACGACAACATGTTTGGTCATGATTAGGTG

GTGGTGGTGGTGGTGGTGGTGGTGGTGGTGGTGATGTCATTTACCCTGACCCCTCG

CGTAAGCGATATGCAGGCTACTGCAACTATATCTCTGCCCTGGTGTCTCTATTGTAC

ATCGTCCCATTTCTTAGAGGCGAACTTCCTCGCCTAGGGGCCTGTGTTGGCCATTCG

CCTACAGTTTTGTCCTTGCGGATCCCTTTCTCCGCGACTACGAGACCTTCGGGATGC

TT 

GCAC 9 TTCCTGCTTACATCGCCT

GA 

CGGTTTGGTTTTCGG

AGTGT 
272 

TTCCTGCTTACATCGCCTGAGCAATCCGGCCAGCGCTGTGCCATGACTCACGAAAA

TTCCGTCGGTTTCTATCTCCCTTAACACGTCAACAACAACACCTCCACCACTCTTTC

TTCCGCCCTCACAGCGCATGCCACCCGCATTTCATTCCCGAGCTCAAGCTTAGACA

GATTACTTACGCACGCACGCACGCACGCACGCACGCACGCACGCACGCGACCACC

CACAATGGCACACTCCGAAAACCAAACCGACGACCTCACCTCTAGCGA 

GGTGTA 6 GAAGTTGGAGCTGTTGT

GGG 

ACATGCGAGGTGAAG

AGGAA 
232 

GAAGTTGGAGCTGTTGTGGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGG

TTTCTATTGTAGACAGTATGGTACAGTAGGTACAGAAGTATAGTATCGTATCATTG

CATCCCAGGCATCAACTCCGTCCGGTCCAGAATCATCCCCCTCATGCCGATGAATT

CCCGCAGACTCTCCCACTCCTCACCTTCCTCTTCACCTCGCATGTAGATATCCTTGA

AACCCCA 

ACATACA 5 CAGAGTAGAGGGAGCCG

AAG 

GGCAACGGCTCAAGA

TACAG 
278 

CAGAGTAGAGGGAGCCGAAGTGCGAGCTTGAAGGGCGGGCTGGAGCGCTGGACC

GCCCCGTGACATACAACATACAACATACAACATACAACATACAACATACCAGGAA

CGAGAGGGACCATGCCGGGAAACCCGCTTGTAGCCATCGATTAAATCTCCATTTCC

GGCGCCAGTGCGCTCCACAGTGAACATCGATCCGCTTGCTGCGGCGGGATTGGCTC

CATCGCGGTAGTGTTCGTCTGTATCTTGAGCCGTTGCCCCAGGCCGGGCTTCCACG

C 

ACC 11 CCCGGCAGAATATCGTC

TCT 

ATGTGGTGGATGTGG

TGGAT 
189 

CCCGGCAGAATATCGTCTCTTCATGCTCGTGGCGGCAGAGGCCGCAGGCCTCGTGT

TAGTATTCTCTCTGTCCTGGAAACTTGACTTTGATATACTGACTATTATGAGCACTA

CTACCACCACCACCACCACCACCACCACCACCACCACATCCACCACATCCACCACA

TCCACGCCGCTGCCGCCACC 
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G 32 CGGGATGGTAGGGAATC

CAA 

ATCTTCCCCCGACTA

GGTCT 
317 

CGGGATGGTAGGGAATCCAAGCATCGACTCTGAGTACGCGACCGTCGAAGATGAT

GACATGCTTGCCTTCTGAAATCAGGCCCTCAATATACCTTCGGGACAAAGTGGTGT

CCTTCCGGGCCGCGGAGGTAGAAGGAGCGGTGACCATGGTACAGTGCAACAGGTA

CCAGTGTAATTTCCAACCAGGGTATCGGGGAAGGGGGGGGGGGGGGGGGGGGGG

GGGGGGGGGGTTACAAAGAGGGTGAAGGATCAGCCCAAGGGGGCATCATATAGT

GCAAAGACCTAGTCGGGGGAAGATTAGAAGGGTAGTGGAATGA 

TTTC 8 GACATGATGACGAGCGC

TTT 

TCGCTAGTTCGATGA

GTCCC 
212 

GACATGATGACGAGCGCTTTAAGAGTATTTATCCCAACTTTTGCATCTAGTGAAGC

GTAGATGGGAACACTCTTTGTTTTCTTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCT

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGCCCTTTTTTGAGAGAGGTGG

GACTCATCGAACTAGCGAGGACCCGGGGGGGGGGGGG 

TTG 10 GTGGATTTTGCCATGGT

GGT 

TCCGAACTCCTCTAC

CTCCA 
271 

GTGGATTTTGCCATGGTGGTAGAGGTCGGTGACGGTGGGGGTGGATTGGTGGGTG

ATGGTTTGGATGTAGTCGTTTTGGGAGAGTTGGGTGTAGTCGATTGTTTTGTTGTTG

TTGTTGTTGTTGTTGTTGTTGAGGCTGGGATGAGGAATGTTGATGAGAGGGGAGGA

GGTGGCGGCGCGGCCGACGTCCATGAGAAGGACGGAGATGGAGGGGTTAGAGGTT

AGTTGGGAGTGGAGGTAGAGGAGTTCGGACCATTTTGTGTCGCAGGTG 

CTGCC 6 TCCCCCTTTTGGCAAGAT

CT 

CGGACCCGTGACTCT

ATGAG 
260 

TCCCCCTTTTGGCAAGATCTAGTTTACGATCCTTAGATCTTTCCGTTGGGGGAGTGG

CTATTTACAGTGCATATATGCAACACATGACATATACTTTATAGACAGAGGCGGGG

TGTCTTCTCTGCCCTGCCCTGCCCTGCCCTGCCCTGCCCTGCTCTGCTCTGTTCTGTT

CTTGTTCAGACTTGCGTTTGCTTCTTTTCTATACTACACTCTACTCTCCACTCATAGA

GTCACGGGTCCGGCGTCCTAATTTTTTATTA 

GAC 10 CAGGTTTCAACGGCCAT

CAA 

TTCTCTCCTCTTGCTC

TGGC 
207 

CAGGTTTCAACGGCCATCAATCATAGATGAAGAGGGAGGGGAAGCAGAGGCCTTG

AATAATATAACACGAGGAGGGGGAAGAGGGAGTGGGAGGGAAGAAAAAAAAAA

AAAAAAAAAAAAAAAGACGACGACGACGACGACGACGACGACGACGGCGAAGCG

CAATGCGCCAGAGCAAGAGGAGAGAATGGCAGGGAAATGAAATGA 

CTGCTA 5 GCATCTCCCACTATTGCT

GC 

ACCACGAGAGATGCT

TGGTT 
187 

GCATCTCCCACTATTGCTGCTGCTACTGCTACTGCTACTGCTACTGCTACTACTACT

ACATCCACTCAGCCCCATAATATAGATGAAACAGTCTCACTTAGCAGTACTTCAGC

ATCAAGACATAGTGCTGAAGTATAACGTGATCTAAAACCAAGCATCTCTCGTGGTT

TGTTCATACGTAATATAC 

 
 
Tabela Suplementar 4. CEPA KYF3 
 

Unidade STR Nº de cópias Primer left  
Primer 
reverse 

Tamanho do 
Amplicon 

Amplicon 

TAG 63 AAGGGTGGGAGAGGTCT

CTT 

GCCACTGTTGTTGGG

TTCAA 
304 

AAGGGTGGGAGAGGTCTCTTGTAGTAGTGATTCTGTTCTTTCATGAAGACTTTCATT

TCTATAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAGTAGTAGTAGTAGTAGTAGTTACGTTTCTTCTCGTTGAACCCAACAACA

GTGGCCGCATTCCATACACACACA 

ACAACCTGG 17 GGACAAACTGGACAACC

TGG 

ATGGCCCGAAGTACC

TAGTG 
297 

GGACAAACTGGACAACCTGGACAACCTGGACAACCTGGACAACCTGGACAACCTG

GACAACCTGGACAACCTGGACAACCTGGACAACCTGGACAACCTGGACAACCTGG

ACAACCTGGACAACCTGGACAACCTGGACAACCTGGACAACCTGGACAACCTGGA

GACAGCCATGTGACCGGTCTGGGACAAAGGCACTAGACGTGGTCGTTTTTCCGTAT

TTCCTGCGCTTGTGTCGAAGTTGTGGCGGTGCTATAGCACTAGGTACTTCGGGCCA

TATGTTTCAAATGTGCCATG 

AGT 36 ACGTTGGCGATTCTAAG

GGA 

ACAGTGATCCCAGAG

CGAAT 
317 

ACGTTGGCGATTCTAAGGGAAGAAATCTTGGAGAATGGATATTGGGAAGGGGTAG

GCCGATTAGGAAACTGTATTGTTGACTGGCAACGGTATGCTGAGCTCATAACTTCA

AGGAGAGAGATGTAATGATTGGAGCCTGGAGTAGTAGTAGTAGTAGTAGTAGTAG

TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGATCCCCGTTTTGTATTATTATCTAGTATA

TTCGCTCTGGGATCACTGTATAACAGCCTGTATATGAT 

TAC 35 GACTCCTACCTAGCCGA

TGG 

CAATGCAGACAGCCA

GCTAG 
242 

GACTCCTACCTAGCCGATGGCCGGCGGCAGTGATGTAGGCATGGATGAATGAACC

AAGCCGCGAAGTGATATGATGCGGTTTCGCAACATGTATTATTTTACTACTACTAC

TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACTACTACTACTACTACTACTACTACTAGCTGGCTGTCTGCATTGGA

CCGGCTGCTCGCCTAAA 

CTC 33 ACACGCTTCTAGGGATC

GAG 

AAGCGTCTCCAGGTC

AAAGA 
243 

ACACGCTTCTAGGGATCGAGCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCT

CCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCC

TCGTCGTCGTCGTCTAATGATGAATCATTCTTTTGGATATCTGTCAGCTTGCTAGGA

CCAGGACTCTCGTCCAATTCGTCTTCCGAGTCTTTGACCTGGAGACGCTTCCATGCA

ACGGAGTCATTG 

ACCCTCGCA 9 TTGAGGCAGATGTGACC

CTT 

TCGGCCTGTTCTGGA

TATCC 
304 

TTGAGGCAGATGTGACCCTTGCGACCCTCGCAACCCTCGCAACCCTCGCAACCCTC

GCAACCCTCGCAACCCTCGCAACCCTCGCAACCCTCGCAACCCTCGCAACCCTCGC

GACCCAGGCCGACGCGGCCGACCCAGGGATCATATATGCCAAGCACATCGTCTCTT

GGCGTGACTTCCCCAAACTATTAGGAAACCTGGGGGAAGTTCGACCGCACCGCTGC

CTTTCCCTCTCGCCCACTGTCCCCTTCTGATACCCAGATCGATGACGTTACGGATAT

CCAGAACAGGCCGATCTATTTAG 

TTATTTTAT 9 CTGGGGGCATCCAGTCT

TAA 

ATGTCTTCTTTAGCGC

GTCT 
204 

CTGGGGGCATCCAGTCTTAATAAGAAAGATAATATAATAATAAGCAGAATTCAAA

GCTATATAATTGGATTATTTTATTTATTTTATTTATTTTATTTATTTTATTTATTTTAT

TTATTTTATTTATTTTATTTATTTTATTTATTTTATTCCATATTCTAATATAGACGCGC

TAAAGAAGACATATTTAATCGGCTCTCACAC 

GTA 26 CGACGTCTCTGTGAACG

TTC 

GATGTCAGTAAGGCC

GGCTA 
318 

CGACGTCTCTGTGAACGTTCCGGACAAAATCCTTTGTTCCTAGCCGCGAAGCACGG

CCACGCGGAAGTCGTCCGACTACTTCTCGCCGAGCCGTCTGGGGGCGGCACCCCGG

AATTCTCGAGCTTCGAAGACCACAATGGTGGTACACCACGCATGGCGGCTGCGAA

AGCGGGACATCTGCAGGTCGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTATTCATTAACCTGAT

ATAGCCGGCCTTACTGACATCTGCAGGTCGTCCAGCTCCT 

T 76 ATGCCGTTTTGCCGATCT

AC 

GAAGATTACGTCTCG

CTGCC 
309 

ATGCCGTTTTGCCGATCTACAACTACTACTTGGTGCCTTGGATCCGCGGATGCGTAT

TGTCAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTACTTATATACCTCTAGTAATATTTCTTTTTTTTCCCCTAA

TATCTTTATAGATCCATTTGATGCTTATCGCTTCCATTGTGTGTTTCTTCTTCTCTCT

TTTCTTTCATCCCAGCGATGGTAAACTTCTGGTGGCAGCGAGACGTAATCTTCAGCT

TGGCTGCATCGCCTC 

CTA 25 CCCGCGCCAGTAAATAA

CTT 

CCAAACACACACCCC

AACTT 
312 

CCCGCGCCAGTAAATAACTTACTTTAGCTATTATGATAGTAAGTAAGATATAACTG

GGGTTAAAGTTATCCGGGATCAATGAACTGATAGTATCTTATCTACTACTTATTGTC

ATGTTGGTAGCTATAGCTACTACTACTACTACTACTACTACTACTACTACTACTACT

ACTACTACTACTACTACTACTACTACTACTACTACGATAGTATCGTTTCACATGGAA

GATTCTTGGTTTTTTCTATAATTGTTTTATAATTGTTTCAGGTAGTAAGTTGGGGTGT

GTGTTTGGTCTGGGTGAGCTTTTATGT 

CAT 25 TCAGCGTAACTGCAGTG

GTA 

ATCTTGGCACGTTCA

ACGAC 
290 

TCAGCGTAACTGCAGTGGTATATATCGACAGGGGATTTGGGAGATTTAGGTCAGGG

TGAACTAGGATATATCCCGTGTGGACTAGACTCTTGCTTTTCACTCGTCAGTCATCC

CGAATACATGCTGCTTCTTCTTGTGTGGCTGACACGAACATCATCATCATCATCATC

ATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATC

AATATCATGTTAGCTCTGCCAGCCGTCGTTGAACGTGCCAAGATCCCCGCAGCAAT

ACCGTTC 

CTC 24 GCAGAGGATGCGGTATT

TGG 

TGGACAATCCGGGGA

ATGAA 
166 GCAGAGGATGCGGTATTTGGGGTGTGGATTGGGATTAATGAGTATATTCTTCCTCC

TCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTC

CTCCTCCTCTTCTTCATTCCCCGGATTGTCCATATACGGGAGGGGGGTGTT 

GT 35 GGAGGGGAGGAAAGTC

GAAA 

CGCAGAATAGAACAC

CAGGC 
313 

GGAGGGGAGGAAAGTCGAAACTAGAATCTATAGGGATGTATTTGGTATTGATACC

GTGTGTGCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTG

TGTGTGTGTGTGTGTGTGTGTTTTTCATAGTCTGACCCCTCGCAAATAAAAGCGATA

TGCAGGATCTCCCTATTTACCTCTCCCGATAAATTCCTTATATACATTATACCATTA

CTTTTCTGACGGATTTGGAGCCTGGTCAAGGCCTATGTTGGCCTAGTTGCCTGGTGT

TCTATTCTGCGCGCGGCTTCGAAACCTCTG 

T 70 CCGCATCCTCATGAACC

AAG 

AATGTGGCATACTGG

CTTGC 
268 

CCGCATCCTCATGAACCAAGTGTAGTCCAATCTGAGCTGCGAGTTATGATGAACGA

CGCAAAGTCCGCTCAAGCTTCTGTTAGTTTCTCCTGGCTTATGGCTGAAGAAATACT

GATACAAGAATTCAGAACCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGACCTCAAGAAAGAATACTACACTGCA

AGCCAGTATGCCACATTTGGACGACAACAGACCATA 

CTC 23 GAGAGAGAATTGTGGCA

GCG 

AACAATTGCCTACGA

CGTCG 
318 

GAGAGAGAATTGTGGCAGCGATCGAGGAGGCGAAACAGGGTGTTGGGTTGCACTC

GACGTTCAGCGTCTTCTCGCGCCTGTCTCTCTTCCTCCTCACGGCGTTCTGCCTCTTC

TCGCGCCTTTCTCTCCTCCTCCTCACGGCGTTCTGCCTCTTCTCGCGCCTTTCTCTCC

TCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTC

CTCCTCACGGCGCTCTGCCGCTTCTCACAGCCTTTATTGTTCTTCAACCCGACGTCG

TAGGCAATTGTTTCCTCCATCCCTTCGAAAG 

TAC 23 GATACCTGCAAATCGCT

CCG 

TAGTTCGGCACAGTC

ACTGT 
235 

GATACCTGCAAATCGCTCCGACGAGGGGTCAGCGTATGAATAAACAACAACAACT

ACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACT

ACTACTACTACTAAATTTGGTTTCGTAGTCTAGGTCCTACTTTACGTGACGCACAAT

CGTGCCCTGAATGCAACGAATATGACCACAGTGACTGTGCCGAACTATTATGTACA

TTAAGTATTG 
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CT 34 AGTTCACTGGATGGGGA

CTG 

GCCTCTTTTGTGCCAT

AGGG 
305 

AGTTCACTGGATGGGGACTGTGCTACACGAATAATTATCAGCTTCCTGTCCTACAT

GACCTTGCCTACTGGCACATACTGACCGTTTCCCAACACACACACACTCACTCACT

CACACACACACACACACACACACACACACACACACTCTCTCTCTCTCTCTCTCTCTC

TCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTGTGAAAGCATATG

ATAACGAAGTCTCCCCCACCTCCGAAACGGGCGGTCTTACCCTATGGCACAAAAGA

GGCTAGCATATGCATCATGAGG 

CTA 21 ATTGAAGATGCGTGCTG

CTG 

CTTCCAAATTCTGAC

GGCGT 
264 

ATTGAAGATGCGTGCTGCTGCTACTACTACTACTACTACTACTACTACTACTGCTAC

TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TAATTGGCGTAATACATCAGCCTGAATGATGCTATTGCCATGATCTGATATCGTTG

CCTGGATTTGTGAGCATATGGCTATTATTTTACTTCAAATAGTCTAGGAGAATTTAC

GCCGTCAGAATTTGGAAGTTACATGGTATATATCAAG 

T 62 GGCGACATACTGCATGG

AAG 

TACCGCTCACAGCAG

AAGAA 
318 

GGCGACATACTGCATGGAAGTTTTGTCTGAGCATATACCTATCAGATAAAGTACGG

ACATTCCCATAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTCCCATATTTCCGTAACCTTAGAATAAATACACAGAGAAGAATAC

CTATGATAGTATAAGAAATCTAAGCCTTTCTTAGACGGAATATATTTCAACTATAA

ATAACCAAAATACAGTTATATCAGTGATTTTCTAGTATCTGTGTTCCGTTTCTTCTG

CTGTGAGCGGTAACCACGGGTTTATATAGGC 

T 59 TCTTGGCGAGATCGTTG

AGT 

TCAACCGGGTTGACT

CCAAA 
301 

TCTTGGCGAGATCGTTGAGTCATGCATTGGAGGCCCGCCGCAGTATAACGAAGTGT

ACGTCCATATTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCCTTCTCCTTTTTCTTTTTT

CTTTTTTTTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

TTTTTTTGTGGCTCAGATATCTATTCCTCTAATGTCATTCCTTCTAAAATAATAGTTT

GGATATGGATCTTCCTATTCTTGAAATTTTGGAGTCAACCCGGTTGAAAAACAAGT

TCCTCTGCTC 

TTC 19 CAGGGGCATACCAAATT

CGG 

GTCATCGGCCGATCA

TAGGA 
209 

CAGGGGCATACCAAATTCGGGAGCTATCCATCGCATCGAATAGGTGGGCTAACGC

CCAGCTCGTAGAGTCTGGTGCGACTCCATGCAGGCATGGGATTCTTTTCTTTTCTTC

TTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTATATCTC

CTATGATCGGCCGATGACAGGGTCGACGGGAACTTAC 

ACA 16 ACAACGTCCTTGTCTGG

AGT 

CATCGCAGGCCTTGA

TTTGG 
284 

ACAACGTCCTTGTCTGGAGTATCCTGCTCATCATCAACAACAACAACAACAACAAC

AACAACAACAACAACAACAACAACAACAAACAGCTTCTCTAAGAACAATCTTCTC

TATCTATCCAAATCTTCCAAGACTATCTCGTCTTTTCAAATCATTCAAAATGCAATT

CACTGCTACCATCCTGCTGCTCGCCACCGCCGTCACCGGCGCCATTGCCGCTCCCG

GCGCTCTCGAGCAGAGAGATAACTCCATCCAAATCAAGGCCTGCGATGGGCAGAA

CTTGG 

GACAAT 8 TCCGACGATCTGACAGT

AGC 

TGCTCTACTCCTCCTC

CCTT 
237 

TCCGACGATCTGACAGTAGCCTTCTATGAGGCAAAAAGGAGGAGACAATGACAAT

GACAATGACAATGACAATGACAATGACAATGACAATGACAACGGGAGAATAAGG

ATAGATCAACAGGAGAGGGAGGGAAACGGGTCAAGTAAGGGACGGCAAGGGGAA

CAAGAGATAGGAAAGATTAGGAAGAGGGAGGGAGAAAGGGAGGAGGAGTAGAG

CACGGGATCATATCATGATGG 

ATTC 12 CCTCGCAGTGGTTAACG

ATG 

CGCAAAGCCCGAGGA

ATAAA 
181 

CCTCGCAGTGGTTAACGATGTGGACTCCTGCTCTCGGACTAGCTGACTCAGCAAGC

GATCAGTTTAGCGCTAGTTATCTAACCAGCCAACATAATTCATTCATTCATTCATTC

ATTCATTCATTCATTCATTCATTCATTCATTTATTCCTCGGGCTTTGCGCGGCCAAA

GACTGCATGTA 

TTG 15 ACAAGCGAGAGAATGTG

GGA 

GAACAACCACCACCA

ACCAA 
285 

ACAAGCGAGAGAATGTGGGAAAAGAGAACATGTTACGAGTTAGTGTATTTGGGAG

TAGATTGTATGAATTGCTTAGTGAGTGGTAATTAGTTTAGCTTGGATAGCTCCCATC

ACTGATAATAATAATAGTCGTTGTTATTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTT

GTTGTTGTTGTTGTTTACTATGTACTACTAAAACTGGGTTGTTTTACTGTTGTCGTA

GGTGTTATAATTTGGTTGGTTGGTTGGTGGTGGTTGTTCTGGCAGTCAGTTTTGAAG

G 

TGT 14 CAAGAAACAGAGGCGCT

ACC 

TCAGACCCTTGGCGA

TTGAT 
291 

CAAGAAACAGAGGCGCTACCGGCGTACCTAATTTAATTCGATAATTTACTACATAA

GATGAATATTTTTATTTTTATTTTTATTTTTTTGTTGTTGTTGTTGTTGTTGTTGTTGT

TGTTGTTGTTGTTGTTGCTGGTAGTAATAACTGTAAGGAGTAGCTTAGAACCTACTC

GATATGAAGTATCTGAATGAAATTGCATCTCTTATTCTTTCATCTGCACCGTAACAG

TATTGAGATGATTACATCCCTACATCAATCGCCAAGGGTCTGATAATATTGAACAG

TGATAT 

CTG 14 TCAACCCCGCTCTCTTTC

TT 

AGGACCGACGCTTAA

CAGAA 
281 

TCAACCCCGCTCTCTTTCTTTCCCTCTTTTCATTGCTTTATTTACCTGGTCTGCTTCG

ATCGCCTTGTGATCAATCACTGTCAGAGATATTTCTTATCACAAGACAGAGACTCT

GAAAGTGACTGTGTGTGAGTGACTTGTGTGGTTGGACTCCGGGCGTCAGCACTGTC

TCCTACTACTACTACTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGC

TACTTCCTTAGTACCTTCTGTTAAGCGTCGGTCCTAAGTAGTAGTGTCCGGTCA 

AGCCGGGA 5 GCGTCTCGAGAAGGAGA

AGA 

AAGACCTCCGTAACC

AGCAA 
295 

GCGTCTCGAGAAGGAGAAGATCAAGGGCGTTCGCAAGATCGATCCCGCCCGGCTG

CAATGGAAACCGCCCGTCTTCACTGCGTCGTCCCGTACCTGGAATTGGTAGGGTTG

CTTAACTGATGCGGTTATATTCTATGCAGCAAAGTATGGGACGGGAGCCGGGAAG

CCGGGAAGCCGGGAAGCCGGGAAGCCGGGAAGATTGATTGATACCCTCATTTGGA

GTCGGTGGTGTAATGTATGTTTCTATGTATGCTTGTTGCTGGTTACGGAGGTCTTGT

TTTTCCTTTTTATTTTT 

AGAA 10 AAGAGGCGTGTGAGTGT

GTA 

TTGGGATCACTTTCG

CTTGC 
241 

AAGAGGCGTGTGAGTGTGTACCAAGTGATTGAAGAAGAAAAGAGAGAAAGAGAG

AAAGAGAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAATGAATGA

ATGAATGAATGAATGGTATGCGATCGATCGCTACGTACAATACTTGTGCAATACCT

ACACACATGCATGCATGCATGCAAACAGAGACTTTTTCTGCAAGCGAAAGTGATCC

CAAAAACCAAATCCCACCCACC 

GCA 10 TTCGGAACCTGCTTCAA

TGC 

GGTAGGGTGGAGAG

GGAGTA 
187 

TTCGGAACCTGCTTCAATGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAATCCAAA

GAGGAACAACATCACTCGTCATACCATTAGCCCTACAATAAACAGCCTCATAGCTC

GCGAGGACATGTCTCACAGCTTGTTGACTTGAGATTTTACTCCCTCTCCACCCTACC

ACTGCCGACCAGATAGGTC 

 

 

Tabela Suplementar 5. CEPA CCTCC 206047 
 

Unidade STR Nº de cópias Primer left  
Primer 

reverse 

Tamanho do 

Amplicon 
Amplicon 

GACTACTAC 19 CTGAGCCATTCTGAGCG

TTC 

GTCGTCGTCGTCGTA

GTAGT 
293 

CTGAGCCATTCTGAGCGTTCCTAATTTGAAAACCTCGGGAATATGACTATGTACAT

ACTACTACGACTACTACGACTACTACGACTACTATGACTACTACGACTACTACGAC

TACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTA

CTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACT

ACGACTACTACGACTACTACGACTACTACGACTACTACGACGACGACGACGACGA

CGACGTACTATTAT 

TCCTA 24 GCGATAAACATGGCTCG

GTT 

AGGGAGGAGAGTCTG

GATGT 
284 

GCGATAAACATGGCTCGGTTCTACCCTGCTATCTACTTATCACTACTCCGTTATAAT

CGTAATCTCCCCGTCGTCCTATCCTATCCTATCCTATCCTATCCTATCCTATCCTATC

CTATCCTATCCTATCCTATCCTATCCTATCCTATCCTATCCTATCCTATCCTATCCTA

TCCTATCCTATCCTATCCTATACTCTCCAACTGAAAAGAAAGACTCTGCACATACA

CCAATAAGACATACATACATCCAGACTCTCCTCCCTTGAACTTCCCTTGCTTAAC 

TAG 36 TAGTTCGGCACAGTCAC

TGT 

GATACCTGCAAATCG

CTCCG 
271 

TAGTTCGGCACAGTCACTGTGGTCATATTCGTTGCATTCAGGGCACGATTGTGCGT

CACGTAAAGTAGGACCTAGACTACGAAACCAAATTTAGTAGTAGTAGTAGTAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTTGTTGTTGTTTATTCATACGCTG

ACCCCTCGTCGGAGCGATTTGCAGGTATCCAATATATAGCTATCTCTA 

AAAAG 20 GTACACCCGATCGACAA

ACG 

GTTGTTCGGTTGCGG

TACTT 
308 

GTACACCCGATCGACAAACGGCTATATAGTGGGTGAAGCAGATAAGTGAGCAGAT

GCAACCATAATGAAAAAGAAAAGAAAAGAAAAGAAAAGAAAAGAAAAGAAAAG

AAAAGAAAAGAAAAGAAAAGAAAAGAAAAGAAAAGAAAAGAAAAGAAAAGAAA

AGAAAAGACATGCATTGAATCTAGCGACTTTATTCAATCATGTGTCCCATTTTCGC

GATCTAGTTGTACCCAAGAAAGTTAGCACCCCTGGCCAGAACAACATTACAAAAG

TACCGCAACCGAACAACCGAGGCGGAGTGGGAAAAA 

TGT 33 TAAGTCAAGGTGCTGCA

GGA 

ACAGTTCGGCCACAA

TGTTC 
300 

TAAGTCAAGGTGCTGCAGGAAAGAGGCCATCTTGGACACGTGGGGCGTGTTGTTGT

TGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTG

TTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGCCTGTTAAGATCCTTGTGAGTACCA

TGGTTATCATGGGGTAAATACGCTCCAACCGAATGACCAGCAGAGTGGTTGAAGG

CTTCTGATAACTCGGTGAGGGAGTGTTGTAGTTGAACATTGTGGCCGAACTGTTGT

AGGAGGTATTGCGACG 

TG 49 CAGTAGTCTGGTTGGTC

GGT 

GCCGAGGATGTCACA

TTCAC 
262 

CAGTAGTCTGGTTGGTCGGTTGGTTAGTTAGGTTTGTCGCTCGCTCGCACACACGA

ATTAGTACTGTGGATTATGCTACGCACAGATACAGAATGGATTTCGGTAGTTGGTA

GTGTTGTTTGTTTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT

GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGAGTG

AATGTGACATCCTCGGCTCGGTTGACACATTTCCCT 

TAC 30 ATGACAGTCGGCTGCTA

GTT 

CATAAGGCAATCACA

CCCCG 
288 

ATGACAGTCGGCTGCTAGTTAGTGGCTTATTTGGATAGGGTGTATGTATGAGCAGG

TGGAAGAGGGGGGTTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAGAGTTGG

ATTGAGAAGGAGGTCCTTAGTATTGAATGTATCAATATACTACTTGTTGGTAAGTC

TAAATTGAATTCATATTGCAGTTACGGGGTGTGATTGCCTTATGTACTGACTTTTGT

TGCAAT 
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TTC 29 CAGGGGCATACCAAATT

CGG 

GTCATCGGCCGATCA

TAGGA 
238 

CAGGGGCATACCAAATTCGGGAGCTATCCATCGCATCGAATAGGTGGGCTAACGC

CCAGCTCGTAGAGTCTGGTGCGACTCCATGCAGGCATGGGATTCTTTTCTTTCTTCT

TCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTT

CTTCTTCTTCTTCTTCTTCTTATATCTCCTATGATCGGCCGATGACAGGGTCGACGG

GAACTTAC 

CTC 27 ACACGCTTCTAGGGATC

GAG 

AAGCGTCTCCAGGTC

AAAGA 
225 

ACACGCTTCTAGGGATCGAGCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCT

CCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCGTCGTCGTCGTCTAA

TGATGAATCATTCTTTTGGATATCTGTCAGCTTGCTAGGACCAGGACTCTCGTCCAA

TTCGTCTTCCGAGTCTTTGACCTGGAGACGCTTCCATGCAACGGAGTCATTG 

AC 38 GGACAATGGCAGCAGTA

TGG 

CGTATGCCACTCATT

CGCAA 
309 

GGACAATGGCAGCAGTATGGAACATTCCTTGCGCGCTTCAGCAGGAAGGTCGGTC

AAAGGAAGTAGTCAAACAAAAGCTTGAAAATGCAACATAGACTTCTCAATGCCTC

CAATCATAATACACACACACACACACACACACACACACACACACACACACACACA

CACACACACACACACACACACACACACACACAAAATTCATTAACGCCCGGCTCAG

CCGAAAGGGTATGTCACAGATCCATTTAACACACTTTCTAATGGACTTTATTGCGA

ATGAGTGGCATACGCATTGAAACGGTGAATTAC 

ATT 25 TTCTGATTCTGCCCACCA

CT 

CAGAAGCTGCAACAA

GAGCA 
266 

TTCTGATTCTGCCCACCACTCTATTGGATTTTTCCCCTGATTCCCTTTTATTCTTGTT

GTCGTTTGTGTCTCATTATTATTATTATTATTATTATTATTATTATTATTATTATTATT

ATTATTATTATTATTATTATTATTATTATTATCATCATCGTCATCATCATTATTATTA

ATTTTTTTTTCTTCTTCTTCTTTTTTCTTTCTCTCTCATTCCTTTTGTTCTCTGCTCTTG

TTGCAGCTTCTGTTCGGCGTTTCTTACAAGA 

GA 21 GATCCAGAGGTCCCGAG

ATC 

TCTTGGCGAGATCGT

TGAGT 
314 

GATCCAGAGGTCCCGAGATCCGTAGCCCGAGCAGAGGAACTTGTTATTCAACCGG

GTTGACTCCAAAATTTCAAGAATAGGAAGATCCATATCCAAACTATTATTTTAGAA

GGAATGACATTAGAGGAATAGATATCTGAGCCACAAAAAAAAAAAAAAAAAAAA

AAGAAAAAAGAAAAAGGAGAAGGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG

AGAGAGAGAGAATATGGACGTACACTTCGTTATACTGCGGCGGGCCTCCAATGCA

TGACTCAACGATCTCGCCAAGATATCTACCCAGAATTTGCT 

GTTTTAG 6 AGGGGTTTTTGGTTTTAG

GTTTT 

TTCTGCATGATAGGT

TAGCACC 
304 

AGGGGTTTTTGGTTTTAGGTTTTAGGTTTTAGGTTTTAGGTTTAGGTTTTAGGTTTTA

GGTTTTAGGTTTTTAGGTTTTAGGTTTTAGGTTTTAGGTTTTAGGTTTTAGGGTTTTA

GGTTTTAGGTTTTAGGTTTTAGGTTTTAGGTTTTAGGTTTAGGTTTAGGTTTAGGTTT

TAGGTTTAGGTTTTAGGTTTTAGGTTTAGGTTTTAGGTTTTAGGTTTTAGGTTTTAG

GGTTTTAGGTTAGGTTTAGGTTTTAGGTTTAGGTTTAGGTGCTAACCTATCATGCAG

AACTATGCTTAACCTT 

CT 21 GTTACTCTATTGCGGCG

GTG 

CTCTTTCCCCGATCCT

CCTG 
271 

GTTACTCTATTGCGGCGGTGGTGGGCGGCGATAATATGGGTTGGTGATCCTGGCTG

TGAGACAATACCAATTATTCAAGAACACTGCCACCGAATCGGTTCACAACAATAA

GACTGTGTGCCAGGAGCAGCAGCAGCAGCAGATGATGATTATCGGAGAACCGGTT

AGTGAATTAGTTAGGGGGAGCTCCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC

TCTCTCTCCAGGAGGATCGGGGAAAGAGACAGACAGAGAAAGAGAAG 

CTTG 7 TTCCTTTTCCGTTCCGTG

TG 

TGTGCATAGCAAGCA

AGCAA 
232 

TTCCTTTTCCGTTCCGTGTGATGATTGAGTCATTGCAGCAGCATGACTGACTAACTA

CAAAGAAATAACCTACAATTCTTTCATTTCTTGGACTCTTTTTGTGTGGTTATTTCA

TGTTACTATACAGGTAAAAATTAGCCACCGTTGTGGATGATTACCTATGCTTACAA

TAAATTCTTGCTTGCTTGCTTGCTTGCTTGCTTGCTATGCACACTACACAAGTAGAC

CAGTC 

AAACCCT 4 AAAACCCTAAACCCTAA

ACCCT 

AATTTTCTACGCGGG

TCTGT 
138 AAAACCCTAAACCCTAAACCCTAAACCCTAATACTAAACTAATAATAAAACCCTAA

TAAAAAAATAATTTTATTAATTTTTTATTTATTTATTTGATATACAGACCCGCGTAG

AAAATTTAATATAAAATTTTTAATA 

ACTACTACG 3 CTGAGCCATTCTGAGCG

TTC 

GTCGTCGTCGTAGTA

GTCGT 
283 

CTGAGCCATTCTGAGCGTTCCTAATTTGAAAACCTCGGGAATATGACTATGTACAT

ACTACTACGACTACTACGACTACTACGACTACTATGACTACTACGACTACTACGAC

TACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTA

CTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACT

ACGACTACTACGACTACTACGACTACTACGACTACTACGACGACGACGACGACGA

CGAC 

TAA 9 CGGGACAGCCGCAGTAT

ATA 

CTTCTTCTGGAAGTA

TGTAGCCA 
281 

CGGGACAGCCGCAGTATATAAAAGAAGAAAAGATAATAATAGTAATAATAATAAT

AATAGTAGTAGTAAATAAAACATATATAATAGATAAAACAGATATAATAAAAAAT

TAATAATAATAATAATAATAATAATAATATAAATAATAGTACGAGTACAGATAGT

ATATAAAATAATAAAAAACAGATTATTTTTATTAATTTTTTTATAAATTTTTTAATA

AATAATAATATATCTGGCTACATACTTCCAGAAGAAGAAGAAGAAAATTAATAGT

CTAA 
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Material Suplementar 2. Pipeline Computacional – fluxogramas do processo 
 

Os algoritmos foram desenvolvidos seguindo uma abordagem modular, na qual cada 

etapa exporta seus resultados em arquivos CSV que servem como entrada para a etapa 

subsequente. Essa estratégia permite retomar o processamento a partir de pontos específicos, 

facilita a reprodutibilidade e atua como um registro estruturado de cada fase do pipeline.  
 
 
A. Triagem Inicial dos STRs 
 
A Figura 11 ilustra em duas etapas o processo inicial de levantamento dos STRs. 
 
A) Identificação de STRs 

Esta etapa consiste na detecção sistemática de sequências repetitivas em tandem (STRs) em 

genomas completos. Para cada sequência proveniente de um arquivo FASTA — 

correspondente a uma cepa analisada — é realizada uma varredura sequencial em busca de 

repetições cujo motivo possui comprimento variável de 1 a 9 nucleotídeos (SPRUIJTENBURG; 

MEIJER, 2024). O processo de detecção foi encapsulado em uma função independente, 

desacoplada da leitura das amostras, visando à reutilização na próxima fase. Como saída, uma 

lista de loci STR identificados é exportada em formato CSV. 

 

B) Eliminação de STRs Redundantes 

Após a detecção inicial, foi realizada a filtragem de STRs redundantes, com ênfase nos casos 

de “STRs contidos em STRs”, nos quais motivos repetitivos de menor unidade estão 

completamente embutidos e reiterados em STRs de motivo mais longo. A identificação dessas 

redundâncias baseia-se em uma tabela de contenção, que descreve relações de equivalência e 

ambiguidade entre STRs de diferentes tamanhos de motivo. Essa tabela estabelece quais 

motivos curtos podem gerar repetições estruturalmente indistinguíveis de motivos mais longos. 

As relações consideradas neste estudo foram: 

 STRs de motivo 9 podem apresentar ambiguidade com 3 e 1; 

 STRs de motivo 8 com 4, 2  e 1; 

 STRs de motivo 6 com 3, 2 e 1; 

 STRs de motivo 4 com 2 e 1; 

 os demais tipos apresentam ambiguidade exclusivamente com STRs de motivo 1. 
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Figura 11. Detecção - composto por duas etapas principais: (A) detecção sequencial dos 
loci STR e (B) remoção dos STRs sobrepostos.  

Fonte: O autor. 

 

 
B. Agregação, Quantificação e Classificação de STRs 

 
Conforme ilustrado na Figura 12, esta etapa considera múltiplos níveis de organização. 

Inicialmente é realizada a soma do número total de STRs por cepa analisada, bem como a 

quantificação estratificada por cepa e tipo de STR e por cepa, tipo e tamanho (número de 

cópias). Em seguida, os dados são agrupados entre todas as cepas, consolidando-se as 

quantificações por tipo de STR e tamanho, de modo a obter o número de STRs localizados para 

cada combinação de motivo e número de cópias em cada cepa. A partir desse agrupamento 

global, os loci são então classificados conforme seu padrão de ocorrência entre as amostras. 

Foram identificados como STRs inclusivos aqueles loci que apresentam motivos e tamanhos 

equivalentes (mesmo número de cópias) e que ocorrem em todas as sequências analisadas. Em 

contraste, são definidos como STRs exclusivos os loci que apresentam motivos e tamanhos 

equivalentes, mas que ocorrem em apenas uma das cepas analisadas. Foram gerados arquivos 

distintos contendo os STRs inclusivos e os STRs exclusivos, permitindo a análise comparativa 

da conservação e da especificidade dos loci STR entre as cepas estudadas. 
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Figura 12. Etapas sucessivas de agregação por cepa, tipo, unidade e número de cópias 
(REP1, REP2 e REP3). As informações consolidadas são então combinadas em um arquivo 
resumo global (SOMA3), a partir do qual são identificados os STRs inclusivos, presentes em 
todas as cepas analisadas, e os STRs exclusivos, presentes em apenas uma cepa, considerando 
motivos e tamanhos equivalentes. 

Fonte: O autor 

 
 
C. Montagem e Validação dos Primers 
 

A Figura 13 detalha o processo de montagem e validação dos primers. Para cada STR 

exclusivo identificado, foram recuperadas as informações de origem — incluindo posição 

genômica e características do motivo repetitivo — a partir dos arquivos id_cepa–tipo–X.csv, 

gerados previamente na etapa de detecção dos STRs. Em seguida, para cada locus, foram 

extraídas as sequências flanqueadoras (upstream e downstream) que, juntamente com o STR 

central, compõem a sequência utilizada como entrada para o Primer3. O Primer3 é então 

acionado individualmente para cada locus, retornando até cinco conjuntos possíveis de primers. 

A partir dessas informações, os amplicons são reconstruídos considerando as posições exatas 

de ancoragem dos primers na sequência analisada. Os conjuntos de primers selecionados têm 

seus amplicons submetidos à validação por BLASTn, com objetivo de confirmar a 

especificidade, descartar alinhamentos inesperados e garantir que cada par amplifique apenas o 

locus desejado em cada cepa. Após a validação, foi executada uma etapa de conciliação dos 

resultados, na qual são integradas as informações de desenho, posição e especificidade dos 

primers. Foram considerados como critérios de validação a cobertura da sequência de consulta 

(query cover) e o percentual de identidade (percent identity). A cobertura da consulta foi 

interpretada como indicativa do tamanho efetivo do amplicon alinhado, sendo priorizados os 

resultados que apresentaram query cover correspondente à totalidade do amplicon teórico, 

assegurando que todo o amplicon estivesse representado no alinhamento. Adicionalmente, foi 

exigido que os alinhamentos apresentassem 100% de identidade nucleotídica exclusivamente 

com a cepa-alvo de A. niger. Esse critério foi adotado com o objetivo de garantir elevada 
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especificidade dos produtos teóricos de PCR, evitando amplificações cruzadas com outras 

cepas ou organismos filogeneticamente relacionados. O resultado é um conjunto final de 

arquivos, organizados por cepa, contendo os STRs efetivamente discriminatórios e seus primers 

validados. 

 
Figura 13. Fluxo de montagem e validação dos primers. (A) Recuperar as informações de 
origem, extrair as regiões flanqueadoras que, acionar o Primer3. Montar os amplicons para cada 
conjunto de primers. (B) Os amplicons são submetidos à validação por BLASTN para 
verificação de especificidade em seguida é feita a conciliação dos resultados do BLASTN e 
aplicação de filtros de especificidade. 

 
Fonte: O autor 

 


