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RESUMO

A microbiota do solo, especialmente os fungos, desempenham papel central na promocgao do
crescimento vegetal e na ciclagem de nutrientes. Entre eles, Aspergillus niger destaca-se por
seu potencial biotecnologico, contribuindo para a solubilizacdo de fosfatos e o estimulo ao
desenvolvimento das plantas, sendo amplamente utilizado como bioinsumo. No entanto, a
aplicagdo desses microrganismos requer o desenvolvimento de estratégias que possibilitem o
rastreamento preciso ¢ confiavel do destino ¢ do comportamento das cepas introduzidas no
ambiente. Nesse contexto, o presente estudo visa aprofundar a caracterizagdo gendmica de 4.
niger, com foco em microssatélites (short tandem repeats, STRs), para a identificacdo de
marcadores genéticos com alto poder discriminatorio entre cepas, por meio de um fluxo
integrado de detec¢do, avaliacdo de variabilidade e validacdo in silico. Além de ampliar a
caracterizacdo desses marcadores, a estratégia proposta busca oferecer uma abordagem
computacional eficiente, reprodutivel, escalavel e de baixo custo, reduzindo a dependéncia de

etapas experimentais nas fases preliminares de desenvolvimento dos marcadores moleculares.

Palavras-chave: Dbioinformatica, 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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INTRODUCAO

O uso consciente do solo ¢ fundamental para o desenvolvimento de uma agricultura
sustentavel e resiliente. O solo ndo ¢ apenas um suporte fisico, mas um ambiente vivo,
dinamico, rico em interagdes biologicas essenciais ao crescimento vegetal. A microbiota do
solo desempenha papel central na ciclagem de nutrientes, na solubilizacdo de minerais, na
promog¢do do crescimento radicular e na protecdo contra patdégenos [1]. Valorizar e
potencializar esses mecanismos naturais € uma estratégia indispensavel frente a necessidade de
reduzir a dependéncia de insumos sintéticos e preservar a saude dos agroecossistemas.

A engenharia do microbioma da rizosfera ¢ considerada uma ferramenta estratégica para
fortalecer a satide das plantas e aumentar a sustentabilidade agricola [2]. Nesse cendrio, os
bioinsumos microbianos, especialmente os fungicos, ganham destaque como alternativas
eficazes e ambientalmente seguras. Os fungos solubilizadores de fosforo representam uma
alternativa sustentdvel para aumentar a disponibilidade de fosforo no solo, melhorando a
nutricdo e produtividade das plantas e reduzir os impactos ambientais da agricultura
convencional [3]. Em particular, o fungo Aspergillus niger apresenta um potencial
biotecnoldgico relevante. A aplicagdo de A. niger pode aumentar a disponibilidade de nutrientes
e estimular o desenvolvimento inicial das plantas, favorecendo a produgdo agricola de forma
sustentavel [4]. A distribui¢do espacial global do A. niger evidencia que este fungo possui ampla
capacidade de adaptagdo, estando presente em praticamente todas as regides do planeta, o que
potencializa seu papel como ferramenta sustentavel para a agricultura conforme mostrado na

Figura 1.

Figura 1. Distribui¢ao geografica do fungo A. miger. Mapa ilustrando a ocorréncia do
organismo em diferentes continentes, evidenciando sua ampla dispersao global.

Fonte dos dados: https://www.gbif.org/. Figura: O autor.
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A crescente utilizagdo de microrganismos como bioinsumos na agricultura levanta uma
questdo central ainda pouco resolvida: como rastrear, de forma precisa e rapida, o destino e o
comportamento das cepas introduzidas no ambiente. Apds a aplicagdo, raramente se sabe se a
cepa inoculada efetivamente se estabeleceu, se sua populagcdo aumentou ou diminuiu ao longo
do tempo, ou ainda se desempenhou o papel esperado em condi¢des de campo. As avaliagdes
convencionais, baseadas em atributos fenoldgicos visuais das plantas e em testes agrondmicos
tradicionais, embora essenciais, sdo indiretas e ndo permitem distinguir com segurancga o efeito
especifico da cepa aplicada frente a microbiota nativa. Essa limitacdo evidencia uma lacuna
importante: a auséncia de ferramentas moleculares robustas que possibilitem o monitoramento
especifico e confidvel dessas cepas no ambiente, uma vez que o rastreamento de inoculantes no
solo permanece um desafio devido a elevada complexidade da microbiota nativa e as limitagdes
dos métodos de monitoramento atualmente empregados [5]. Nesse sentido, este trabalho teve
como objetivo desenvolver um pipeline computacional para a identificacdo e o mapeamento de
microssatélites (STRs) em genomas de A. niger, visando ao desenvolvimento de marcadores

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

MATERIAL E METODOS

A. Origem dos genomas analisados

Este estudo foi conduzido por meio de andlises 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 milhdes de

pares de bases.

Tabela 1. Genomas Analisados
Nome da Montagem Cepa (strain) Nivel de montagem Tamanho (Mb)
ASM285v2 * CBS 513.88 Scaffold 34
ASM1928827v1 CBS 554.65 Chromosome 40
ASM2978390v1 KIJC3 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 referéncia do taxon.
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B. Analise de STRs

A analise de microssatélites (short tandem repeats, STRs) pode ser utilizada de forma complementar ao
sequenciamento completo do genoma, otimizando a identificacdo e caracterizagdo 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 ocorréncia ubiqua de STRs levaram a que fossem amplamente utilizados como marcadores em mapeamento

genético [7], [8].

Figura 2. Representagao esquematica de STRs em sequéncias de DNA.
A — Motivo repetitivo (ACTGT) com 5 copias em tandem.
B — STR com unidade de repeticao de 3 pb e 7 copias.

C — Mesma sequéncia analisada com unidade de 6 pb, evidenciando sobreposi¢do de padrdes,
sendo considerado o motivo de menor tamanho.

A | ..ACTAGATACGCACTGT!ACTGT2ACTGT3ACTGT*TAGTCGTAGACTAGCTACGTAGTCGTAG...
B | ..GTACTAGATAGCTGCA!GCAXGCA3GCA*GCASGCASGCA'TGAGTCGATCGCATGCGATGAC...
C | ..GTACTAGATAGCTGCAGCA!GCAGCA’GCAGCA3GCATGAGTCGATCGCATGCGATGAC...

Fonte: O autor.

C. Triagem dos STRs

As sequéncias gendomicas foram submetidas a triagem por meio de um algoritmo proprio
visando a identificagdo de repeticoes perfeitas com unidades variando de mono- a
nonanucleotideos (1 a 9 pares de bases). O algoritmo realiza uma leitura sequencial das bases
de nucleotideos e compara cada base com as proximas, anotando os motivos repetitivos
continuos e registrando a posi¢do, o tipo de motivo correspondente a quantidade de repeti¢cdes
(mono-, di-, tri-, tetra-, penta-, hexa-, hepta-, octo-, ¢ nono nucleotideos), o numero de
repeticdes e o comprimento total do STR. Cada etapa do algoritmo grava as saidas em arquivos
do tipo .csv com os valores delimitados por ponto e virgula (;) o que permite que a proxima
fase leia as informagdes a partir de um ponto de parada ou continuagdo, 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, ¢ realizado um processo para contar
a quantidade de ocorréncias desses motivos de mesmo tamanho ao longo de cada amostra de
genoma. Os STRs identificados e catalogados em cada genoma foram entdo 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. Localizagdo das regides flanqueadoras dos STRs

Apos a identificacao dos STRs exclusivos nos genomas analisados, foram determinadas
as regioes flanqueadoras associadas a cada STR detectado. Essas regides correspondem a
trechos de DNA posicionados logo antes (5) e depois (3”) do motivo repetitivo. Sua fungdo ¢
servir como pontos de ancoragem para os primers, garantindo que a amplificagdo dos STRs
ocorra de forma direcionada, gerando produtos consistentes € comparaveis entre amostras.
Assim, para cada STR foram extraidas sequéncias de 200 pares de bases a esquerda (upstream)
e a direita (downstream) do motivo repetitivo, considerando sua posi¢ao original nas amostras
e a disponibilidade de sequéncia gendmica continua. Esse intervalo foi definido por ser

suficientemente amplo para incluir regides adequadas a ancoragem dos primers [9], [10], [11].

E. Desenho dos primers

O desenho dos oligonucleotideos iniciadores (primers) foi realizado utilizando o
software Primer3, amplamente empregado em estudos de biologia molecular para a predicao
de primers a partir de sequéncias de DNA. O Primer3 foi integrado ao pipeline por meio do
pacote Python primer3-py (interface oficial do Primer3 para Python), adotando parametros
amplamente recomendados na literatura para maximizar a eficiéncia e especificidade da reagao
de PCR. O tamanho dos primers foi definido entre 18 e 23 pb (6timo: 20 pb), faixa considerada
ideal para garantir especificidade adequada e eficiéncia de anelamento. A temperatura de
melting (Tm) foi estabelecida entre 57 °C e 62 °C (6tima: 59 °C), de modo a favorecer
condi¢des homogéneas de amplificagdo e minimizar ligagdes inespecificas. Adicionalmente,
foi limitado o comprimento maximo de homopolimeros (PRIMER MAX POLY X = 5),
evitando regides com repeticdes consecutivas de nucleotideos que possam comprometer a
estabilidade da ligacdo primer-template. A diferenga maxima de Tm entre os pares de primers
foi restringida a 2 °C, garantindo sincronizagao eficiente durante a etapa de anelamento da PCR
[10]. A regido target (SEQUENCE TARGET) foi definida de modo a corresponder a porgao
do STR, assegurando o anelamento eficiente dos primers nas regides adjacentes ao motivo
repetitivo e, consequentemente, a amplificacdo especifica e confiavel do locus STR. A Figura
3 ilustra esquematicamente uma regiao de DNA contendo um STR na porcao central, as regides
flanqueadoras adjacentes e as posi¢cdes de anelamento dos primers, bem como o amplicon

teodrico.
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Figura 3. Localizagao dos primers posicionados nas regides flanqueadoras que delimitam
o amplicon, que contém o motivo repetitivo (STR) entre eles.

Upstream | STR f Downstream
Primer Left

Nucleotideos
(2] (]
1 L
TIT
no-A»h

-
L

>
1

16.196.454 16.196.654 16.196.854 bt
16.196.798
16.196.818 055

Coordenadas das regides destacadas na sequéncia

16.197.225 16.197.425

6.197.025
16,197,035
16.197

Fonte: O autor.

F. Validacdo dos primers

Os amplicons teodricos — porcao da sequéncia compreendida entre o inicio do primer left
e o final do primer reverse — utilizados para validacao 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 ordenacgao hierarquica inversa, considerando multiplos parametros: (1) tamanho do STR,
(11) tamanho do amplicon e (iii) diversidade genética estimada pela entropia de Shannon [6],
[12], [13]. Essa abordagem permitiu priorizar /oci com maior potencial informativo,
favorecendo aqueles com maior variabilidade e melhor adequagdo experimental. Finalmente,
foram selecionados os 100 loci melhor classificados no ranqueamento para cada amostra de
genoma.

Os amplicons selecionados foram entdo submetidos a analise de similaridade com o
genoma por meio do BLASTn, com o objetivo de avaliar a especificidade das sequéncias
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 DISCUSSAO

A. Perfil geral dos STRs nos genomas

A triagem computacional dos genomas resultou na identificacdo de centenas de loci de
STRs distribuidos ao longo dos cinco genomas analisados. A quantidade e o tipo de STRs
variaram entre os genomas, refletindo o grau de diversidade intrinseca 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 ¢ a um tipo especifico de STR.
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Tabela 2. Resultado do levantamento inicial dos STRs
Unidade Inicio locus Fim locus Copias

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

Descri¢ao dos /oci de STRs obtidos por meio do algoritmo de deteccdo, incluindo sua localizagdo gendmica e
namero de copias. 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 dinucleotidicos sdo amplamente predominantes
em todas as cepas analisadas, representando a maior fracdo dos motivos repetitivos
identificados nos genomas, o que ¢ coerente com a literatura que aponta maior prevaléncia
desses tipos em organismos eucariotos [11], [12], [13]. A medida que o tamanho do motivo
aumenta, observa-se uma reducdo progressiva no numero de STRs, padrdo consistente entre
todas as cepas avaliadas.

As cepas analisadas exibem perfis quantitativos semelhantes, indicando uma
distribuicdo conservada dos tipos de STR entre os genomas analisados. Pequenas variagdes nos

valores absolutos refletem diferencas no tamanho e na composi¢ao gendmica, mas nao alteram
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a tendéncia geral de decaimento do nimero de STRs do tipo mono- para nonanucleotideo. Esse
padrdo sugere que a abundancia relativa dos diferentes tipos de STR ¢ estruturalmente
conservada no genoma de A4. niger, refor¢ando a adequacdo desses marcadores para analises

comparativas e aplicagdes em identificagdo 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

Numero absoluto de STRs classificados por tipo de motivo repetitivo (mononucleotideos a nonanucleotideos)
identificados nos genomas das cepas analisadas.

A andlise comparativa dos genomas evidenciou a coexisténcia de STRs conservados
entre as cepas, sugerindo regides genomicas estruturalmente estaveis, bem como a presencga de
STRs exclusivos, restritos a cepas especificas. Esses elementos exclusivos apresentam
potencial aplicagdo como marcadores moleculares discriminatorios, especialmente em analises
de diversidade genética e rastreamento de cepas, devido a elevada variabilidade dos
microssatélites e seu alto poder de discriminagdo [6], [11], [12], [15], [16]. A Tabela 4 sintetiza,
por cepa, o total de microssatélites (STRs), o nimero absoluto de /oci exclusivos e sua

representatividade percentual em relagao ao total identificado.
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Tabela 4. Total de microssatélites (STRs) identificados por cepa de A. niger, incluindo o
numero absoluto de loci exclusivos e o respectivo percentual em relagdo 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 avaliacdo de primers

Os primers constituem ferramentas fundamentais na biologia molecular, atuando como
iniciadores em técnicas de amplificagcdo, deteccao e manipulaciao de acidos nucleicos, como a
rea¢do em cadeia da polimerase (PCR). A utilizacdo do Primer3 via script Python permitiu
automatizar a analise, garantindo a seleg¢@o de oligonucleotideos com baixo risco de formagao
de estruturas secundarias ou dimeros. A validagdo desses primers foi realizada por meio de
analises in silico utilizando o BLASTn, a partir das sequéncias correspondentes aos produtos
de amplificacdo tedricos. Essas sequéncias foram extraidas da sequéncia gendmica original com
base nas extremidades definidas pelo alinhamento dos primers, de modo a representar com
precisao os amplicons teoricos gerados pela reacdo de PCR. Dessa forma, a analise 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 tnicos ou
preferenciais no genoma da cepa alvo de 4. niger, associados a valores de e-value extremamente
baixos, proximos de zero, indicando alta confiabilidade na identificagdo da cepa alvo e
reduzindo substancialmente a probabilidade de alinhamentos inespecificos em outros genomas.
Essa etapa de validagdo ¢ fundamental para assegurar que os primers apresentem desempenho
adequado em aplicagdes experimentais subsequentes, como ensaios de PCR convencional,

minimizando o risco de amplificagdes cruzadas ou nao especificas.
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Figura 4. Percentuais de amplicons com sucesso na identificacdo da cepa correta. Os
resultados de BLASTn que atenderam ao filtro de inico resultado com 100% de alinhamentos.

Tipo de STR (tamanho de bp)
= 1bp w6 bp
e 2 bp 7 bp

3bp 8 bp
4 bp 9 bp
. 5 bp

2%

56%

30%

-
)
|=!

CBS 513.88 KJC3 CBS 554.65 KYF3 CCTCC 206047

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
unico e 100% de identidade. As tabelas disponiveis em Material Suplementar 1 apresentam os
dados referentes aos primers projetados para cada locus STR, bem como as sequéncias dos
amplicons, assegurando a reprodutibilidade experimental e viabilizando a aplicagdo desses loci

como marcadores genéticos com elevado poder discriminatorio entre cepas de A. niger.

C. Selegao final dos marcadores

Os amplicons que apresentaram alinhamento bem-sucedido, foram submetidos a uma
nova etapa de ranqueamento por ordenacdo hierdrquica 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 identificagdo.

D. Visdo geral do pipeline computacional integrado
A Figura 5 ilustra as etapas do pipeline computacional integrado desenvolvido neste estudo para a identificagéo,
caracterizagdo e selegdo racional de marcadores STR com potencial aplicagdo em sistemas de rastreabilidade de

bioinsumos agricolas.
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Figura 5. Representagdo grafica dos passos do pipeline computacional.
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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 producao e apds aplicagdo no
campo, rastreabilidade de contaminantes ou bioensaios de diversidade microbiana. A
abordagem computacional in silico demonstrou-se eficiente e reprodutivel, constituindo uma
alternativa econdmica e escalavel para a triagem inicial de /oci candidatos antes da validagao

experimental em laboratorio.

F. Disponibilidade de dados e codigo fonte

Os scripts desenvolvidos em Python foram disponibilizados na forma de notebooks,
juntamente com os conjuntos de dados utilizados nas andlises e as imagens geradas ao longo
do estudo. O codigo-fonte e os materiais suplementares estdo disponiveis publicamente na
plataforma GitHub, no endereco: https://github.com/warioiraw/analise str.git. O cddigo foi
desenvolvido utilizando bibliotecas amplamente empregadas em bioinformatica e andlise de
dados em Python, cujas versdes e dependéncias estdo especificadas no proprio repositorio.
Todo o material ¢ disponibilizado sob licenga aberta, permitindo sua reutilizagdo, modifica¢ao
e adaptacdo para fins académicos, desde que devidamente citada a fonte original. Essa iniciativa
visa promover a transparéncia metodoldgica, facilitar a validagdo independente dos resultados
e incentivar a aplicagdo do pipeline computacional em estudos futuros envolvendo a analise de

microssatélites em genomas fungicos.
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G. Representacdo grafica dos pardmetros dos primers e amplicons projetados

As figuras 6 a 10 foram geradas a partir desses resultados com o objetivo de auxiliar na
interpretacdo por meio de representagdes graficas da distribuigdo, variabilidade e caracteristicas
dos loci STR identificados. Essas visualizagdes permitem uma compreensao mais intuitiva dos

padrdes gendmicos observados, contribuindo para a avaliagdo dos mesmos.

Figura 6. Representagdo grafica dos parametros dos primers e amplicons projetados para
a cepa CBS 513.8. Topo: STR-8 AGAGAATA. Base: STR-9 GTCGTAGTA.
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Fonte: O autor.

Figura 7. Representagdo grafica dos parametros dos primers e amplicons projetados para
a cepa CBS 554.65. Topo STR-3 TAG. Base: STR-9 ACTACTACG.
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Fonte: O autor.
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Figura 8. Representagdo grafica dos pardmetros dos primers e amplicon projetados para a
cepa CBS KJC3. Topo: STR-9 ACTACTACG. Base: STR-3 TAC.
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Fonte: O autor.

Figura 9. Representagdo grafica dos pardmetros dos primers e amplicon projetados para a
cepa KYF3. Topo: STR-3 TAG. Base: STR-9 ACAACCTGG.
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Figura 10. Representagao grafica dos parametros dos primers ¢ amplicon projetados para a
cepa CCTCC 206047. Topo: STR-9 GACTACTAC. Base: STR-5 TCCTA.
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Como proximos passos, propde-se a validagdo 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 serdo avaliados em reagdes de PCR utilizando DNA gendmico puro das
cepas-alvo, a fim de verificar a amplificacdo esperada e o tamanho dos amplicons previstos in
silico. Posteriormente, sera realizada a avaliacdo da especificidade dos marcadores por meio de
testes cruzados com isolados filogeneticamente proximos € outros microrganismos presentes
no mesmo ambiente, permitindo identificar possiveis reacdes inespecificas. Apos a validacao
individual dos /oci, sera investigada a viabilidade da combinagdo de multiplos marcadores em
reacoes de PCR multiplex, visando aumentar a eficiéncia e reduzir custos analiticos. Por fim,
pretende-se validar os marcadores em condi¢des ambientalmente mais proximas da aplicagao
pratica, por meio da deteccao das cepas em amostras de solo artificialmente inoculadas. Esses
experimentos permitirdo avaliar a capacidade dos marcadores em detectar e monitorar as cepas-
alvo em matrizes complexas, contribuindo para futuras aplicacdes em rastreamento e

monitoramento ambiental de bioinoculantes.

CONCLUSOES

Esse trabalho desenvolveu um pipeline computacional integrado, robusto e customizado

para a identificagdo, caracterizacdo e validagdo in silico de microssatélites (STRs) no genoma
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do fungo A. niger. Utilizando um algoritmo préprio foi possivel detectar STRs, eliminar /oci
redundantes, quantificar sua variabilidade e, por fim, propor primers especificos para
diferenciagdo de cepas de A. niger.

A aplicagdo de métricas informativas, como o comprimento das repeti¢des e a Entropia
de Shannon, possibilitou a selecdo racional dos /oci mais promissores, priorizando regides com
maior variabilidade e, portanto, maior valor como marcadores moleculares. O desenho de
primers a partir das regides flanqueadoras, seguido de avaliagdo via Primer3 e validagdo por
BLASTn, assegurou a especificidade e viabilidade dos oligonucleotideos gerados. A sele¢ao
final dos primers submetidos a verificagdo por BLASTn foi conduzida com base em critérios
minimos previamente estabelecidos, os quais podem ser ajustados de acordo com os objetivos
especificos da andlise. Tais ajustes incluem, por exemplo, a expansdo ou redu¢do do tamanho
das regides flanqueadoras, visando a otimiza¢do 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 sistematicas sao
ferramentas promissoras para acelerar a descoberta de STRs informativos e o desenvolvimento
de marcadores especificos para cepas, contribuindo para estratégias mais precisas de
caracterizacdo molecular em A. niger e outros organismos de interesse biotecnolodgico,
reforgando papel estratégico de ferramentas bioinformaticas no avango da gendmica aplicada a
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 andlise de outros fungos e bactérias de interesse agricola,
incluindo microrganismos amplamente empregados como bioinsumos, tais como espécies dos
géneros Bacillus, Pseudomonas, Azospirillum e Trichoderma. Como a metodologia ¢ baseada
em dados gendmicos e composta por etapas modulares, sua reutilizagdo requer, em grande
parte, apenas a substituicdo dos genomas de entrada e o ajuste de parametros especificos, como

o tamanho dos motivos STR e critérios de selecao dos loci.
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Tabelas para Reprodutibilidade Experimental

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

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

sequéncia. Contém as sequéncias de primers e amplicons, que podem ser utilizadas na execugao

manual de consultas no BLASTn, permitindo a validacdo direta dos resultados.

Tabela Suplementar 1.

CEPA CBS 513.88

Unidade STR

N° de copias

Primer left

Primer

reverse

Tamanho do

Amplicon

Amplicon

AGAGAAGA

21

GGGTCGAGAAAAACAG
GCAA

GTGCCCTTCCCTTCTC
TTCT

313

GGGTCGAGAAAAACAGGCAAGCAATGTTTTTGGAAGTGTTATTGGTTTGGGAAGA
AATCTCAGAAAACCGGAAGATTTTGTGGATTGTTGAGAAGAAGAGAGGTGCTGTA

AGAGAAGAAGAGAAGGGAAGGGCACGTTCTTCACTGCGCCAGGA.

GTCGTAGTA

GTCGTCGTCGTAGTAGT
CGT

CTGAGCCATTCTGAG
CGTTC

281

GICGICGICGTAGTAGTCGTAGTAGICGTAGTAGICGTAGIAGICGTAGTAGTCGT
AGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTCGTAG
TAGICGTAGTAGICGTAGTAGTCGTAGTAGTCGTAGTAGICGTAGTAGTCGTAGTA
GTCATAGTAGTCGTAGTAGTCGTAGTAGTCGTAGTAGTATGTACATAGTCATATTC
CCGAGGTTTTCAAATIAGGAACGCTCAGAATGGCTCAGTGGCACTCGAAAATAGA

AC

GGTGTA

22

GAAGTTGGAGCTGTTGT
GGG

TTGATGCCTGGGATG
CAATG

242

GAAGTTGOAGCTGTTGTGGGTGTAGG TGTAGGTGTAGG TG TAGGTGTAGGTGTAGG
TGTAGGTGTAGGTGTAGGTGTAGG TGTAGGTGTAGGTGTAGGTGTAGG TG TAGG TG
TAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTGTAGGTTTCTATIGTAGACAG
TATGGTACAGTAGGTACAGAAGTATAGTATCGTATCATTGCATCCCAGGCATCAAC

TCCGTCCGGTCCAGAATC

TTTCCT

21

TTCAATCTGAAACGCAG
GCC

GATTCAAGGCCTTCG
TCGAC

319

TICAATCTGAAACGCAGGCCCGAGIGGTTATICTTICTITIGITCTITCTICTTTTCC
GTTTCCTTTTCCTTTICCTTTTCCTITICCTTTTCCTTTICCTTTTCCTITICCTTTTCC
TTTTCCTTTTCCTITICCTTTICCTITTCCTTTICCTITICCTTTTCCTITICCTTTICCT

TTTCCTITTCCCTICCCCTICCCCTTICCTITICTITIGICTITTTTCTICATITCTIAG
GGGCTGAACGAGCAGAAGTAAGCAAGAGGAACATTAAGGCCGTCGACGAAGGCC
TTGAATCCTTAATGACTGGTTAAAGG

AGGGAGGAGAGTCTGGATGTATGTATGTCTTATTGGTGTATGTGCAGAGTCTTTCT,

AGGGAGGAGAGTCTGGA ATCGTAATCTCCCCG TTICAGTTGGAGAGTATAGGATAGGATAGGATAGGATAGGATAGGATAGGAT
ATAGG 24 229 | A TAGOATAGGATAGGATAGGATAGGATAGGA TAGGATAGGATAGGATAGGATAG
TGT TCGTC GATAGGATAGGATAGGATAGGATAGGACGACGGGGAGATTACGATTATAACGGAG
TAGTGATA
T TIOCCT TGO TGER TR TCTITCATGCTFCTIFTICTATCTT
TACTITTICCTGICCCTATICTCCAATATTATTATTATIATIATTTTTATTATIATIAT
TTA 39 | GOTCTCCTIGCCTITIGT | CTTTTCCCTCTCATGE 3O | TTATIATATATATIATTATATIATIATTATTATIATIATIATTATIATIATTA
GG GCAA FTATIATTATIATIATIATIATTATIATIATTATIATIATIATIATITITATIATIATE
ATTATTATTITTATIATTTCICTTTTTTTTCTGTTGCGCATGAGAGGGAAAGAATAT
TGGTATICOTCTAT
R CGCA R AGOA G TOGA TR CCTOCAG A TG TAGTRRGGCCGCTRTATERG
TAC 39 | ATATCGCAACAGGAGCT | GGACATCTGCAGGTC 215 | cmmmemnencmememeneenenemeneeneeiene
GGA GTAGT TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACT
TACTACTACTACGACCTGEAGATGTCCCGCTTICGEAGCCGCCAT
ARG TEAR GO TOCTaCAGGARRGRGGCCA TCTGGACACG TGGGCTGTTGTTGT
IGTIGTIGTIGTIGTIG TG TIGTGTIGTIGTTGITGTIGTIGTIGTIGTGTIGITG
TGT 36 | TAAGTCAAGGTGCTGCA | ACAGTTCGGCCACAA 309 | memmoTeeeTOTGTGTGTeTOTGTTacCTGTTAAGATCCTTG
GGA TGTTC TGAGTACCATGOTTATCATGGGGTAAATACGC TCCAACCGARTGACCAGCAGAGT
GGTIGAAGACTICTOATAACTCGGTGAGGGAGTGTTGTAGTTGAACATIGTGGCCG
ACTGTTGTAGGAGTATIGCGACG
ACRGCRCARACT
G 1 8 ACAGCACAAACCAAGAA CTGCCTGCTACAGAG 307
AAAALA GGA TGCTA AAATAATAGTCATAATAATAGCAATIGAATGGGGTATIGAATAAGCAAAGGCAT
AACTAANTCTTAGAATGCCGATATGACCAAATOCTAAGAGATACAGCAAGAAGGT
AGCACTCTGTAGCAGGCAGCGAAMACGTGGGAACAAGA
CGAGGA TG TR TR TTEACTCACACACACACACACACACACATACACRCACATR
GCCGAGGATGTCACATT CAGTAGTCTGGTTGG CACACACACACACACACACACACACACACACACACACACACACACACACACACAC
CA 49 202 | AcACACACAMCAAACAACACTACCAACTACCGAAATECATICTGTATCTGTGCGT
CAC TCGGT AGCATAATCCACAGTACTAATICGTGTGTGCGAGCGAGCGACAAACCTAACTAACC.
AACCGACCAACCAGACTACTACTAAGCTAAGTACTIAAGT
ARG TR G TGO TTATTTGGA TAGGG TG TATGTATGRGTAGG
A CACTOCOOT G - TGGAAGAGGGGGGGTTACTACTACTACTACTACTACTACTACTACTACTACTACTA
TAC 32 ATGACAGTCGGCTGCTA CATAAGGCAATCACA 205 | enenenenencncicicncneneneneneneneicici
GTT CCCCG GAGTTGGATTGAGAAGGAGGTCCTTAGTATTGAATGTATCAATATACTACTTGTTG
GTAAGTCTAAATIGAATICATATIGCAGTTACGGGGTGTGATIGCCTTATGTACTG
ACTITIGTTGCANT
TOTICGOTTCCaTRCTTITGTARTGTTGTIC
(GGOTACAACTAGATCGCGAAAATGGGACACATIAT
TCTTT 19 | CGTTOTTCGGTTGCGGTA GTACACCCGATCGAC 303 | oo T TICTITICIT IO T T T TTIC
orT AAACG FITECTITICTITICITICTITICTTFICTTTICTTTICTTITICATTATGGTTGEATC
TGCTCACTIATCTGCTTCACCCACTATATAGCCGTTTGTCGATCGGGTGTACTATAT
RO TR GTCCOTCaACCCTO TR
G 2 9 AAGCTGTAAGTTCCCGT TATACCCCGTCCTAG 295
AN CGA CTGGT GAGTCGEACCAGACTCTACGAG
AGCTCCCOANTTTGGTATGCC
ATTTATATICCTCGETTTTG
CGGCTCCCACACTTTCTITGTTTATTTCARTTITICGTTICGTAGGARTG
CGATOGATCTGAGGCGACTECTATE ACCATCGTAACTATGAAGTGATCCT
CT 42 | CTTGOCTCCCGACACTIT | GGACGATGACCAAAG 316 | romcercmsnccaccecacocnescacocrererererererer
TC GATGC e ————————————————
CTCTTACTCTTTTGICTCAGEACCACCCACCATETGT,
P
A CTCTACCTAGCCOA TGO a0CGaTAT
TAC 28 GACTCCTACCTAGCCGA CAATGCAGACAGCCA 221 AAGCCGCGAAGTGATATGATGCGGTTTCGCAAC
TGG GCTAG TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

TACTACTACTACTACTAGC TGGCTGTCTGCATTGGACCGGCTGCTCGCCTAAA

83

AAGCCCAGATGGAGATC
TCG

CCATCCAGGACAACT
CCAGT

218

AAGCCCAGATGGAGATCTCGACGTAATCTGATGATACTGGTGCC TGN
GATCAGTTTT <

TAGCCGGC

TATGAGTACGGTGGCTACTGGAGTTGTCCTGGATGGCCGGCGATGCAGATTAGGG,

AC

39

GGACAATGGCAGCAGTA
TGG

CGTATGCCACTCATT
CGCAA

311

GGACAATGGCAGCAGTATGGAACATICCTTGCGCGCTIC
AAAGGAAGTAGTCAAACAAAAGCTTC
CAATCATAATACACACACACACACACAC
CACACACACACACACACACACACACACACACACAAAATICATTAAC

GAAGGTCGGTC
TGCAACATAGACTTCTCAATGCCTC
\CACACACACAC; \CACAC/
e
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GeC TGTCACAGATCCATTTAACACACTTTCTARTGGACTITATTGE
GAATGAGTGGCATACGCATTGAAACGGTGAATTAC
TICTGATICTGCCCACCACTCTATIGGATTTTTCCCCTOATICCCTTTTATY T
TTCTGATTCTGCCCACCA CAGAAGCTGCAACAA GTCGTTTGTGTCTCATTATTATTATTATTATTATTATTATTATTATTATTATTATTATT
CcT GAGCA TTAATTTTTTTTTCTICTICTICTTTTTTCTITCTCTCTCATICCTTTTGTTCTCTGET
TIGTTGCAGCTTCTGTICGGCGTTTCTTACAAGA
CTTGAACTCTGGTTTGCCCCTTCC TTATACAAGTCGATTTATGTCARARGAATATGA
TCCTGGAATTAACC,
A 76 CTTGAACTCTGGTTTGCC CTTTGATAGCCTTCC 279 S—
cC GCCAC GGCCAAAATGTGCTCAAGGAAACATCCCTGCCCTTAGCTCTCCCAAGTTCTAGCAT
TCTIGTTTTGTGCCTAGTGTGTGGCGOAAGGC TATCAAAGGATTTGTGCTTCTTTTA
AG
GACCGTATCGTGCAACAGTCAAGTAATGACATAAACATATGTATGATGATGARAC
GACCGTATCGTGCAACA CTATCCGCTTGTGTTG CAAAAAGTCACAGATCAAAGAGTAGTAAGAGTAGTAGTAGTAGTAGTAGTAGTAG
AGT 25 262 | 1acTAOTAGTACTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAAGACG
GTC TCGG AAGGTATCGTATCAAAGCATCATC: CAAACATAAGAGAGAAGAGAGACTGCG
GACCCGACAACACAAGCGGATAGTAACTIGAAACGAGACTGA
AACAGCCTGACAGCCAGTAAGTAGTACCTAGTAAGCCTICTAATAACGAGCTAACT
TCAAACCAGGACTACTAGTAGTATGAGTCCCAACTACGCTACATITACAAAACAAC
CTA 24 AACAGCCTGACAGCCAG GGCTAGGGGAACACC 307 ATGGAAATATGCTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC
TAA TTCAA TACTACTACTACTACTACTACTACTACTTCCCCAGAAAATCAATACACCTGGAAAA
GGAAGTCAGAAATCATACACTCGACATCACAATGCATITTCTITTGAAGGTGTTCC
CCTAGCCCTATAGCTACCAATCACAT
TCAGGCCACTTAGCGAGTAGCAGTGATGTGGARGACTAGATCTTTATATCCCGOAC
. A CCCAG . ) TAGGCGGGGTATGGCAACTCAAATATGCTGCTTTGTTGCCCAAGAAAAAAAAAAA
A 66 TCAGGCCACTTAGCGAG CCTCTGCGTGACATT 3 19
TAG TCCTG AAGAGAGAGCTGCTCAGGCTCGTTTCTATCCGCTCTCTTGCGCCTTACTGCAGEGTC
AATAATACAAAAGTCAGTCACCGGAAGCAAATTGCTATAATAATATAAGATGATC
CAAGCAGGAAATGTCACGCAGAGGGAATGAAGCAGCAAAGTCA
GTOTGAGTGTGTACCAAGTGATIGAAGAAGAAAAGAGAGAARGAGAG
A AA 1 AAGAGGCGTGTGAGTGT TTGGGATCACTTTCG 2
G 6 5T | AGAAGAMAGAAGAATOANTOANTOANTGGTATGCOATEGATCGCTACGTACA
GTA CTTGC ATACTTGTGCAATACCTACACACATGCATGCATGCATGCAAACAGAGACTTTTTCT
GCAAGCGAAAGTGATCCCAAAAACCAAATCCCACCCACC
AGTAGGGCATIGCAGGAGATTATACGGATATIGCATCACACCTGATAATCTATIAT
CTTATCCCATCAGETAC
A 60 AGTAGGGCATTGCAGGA CAGCTGGCAGCAGGA 3 1 8 AAAAAAAAAAAAAAAAAAAAAAACCTCTAATTTGAATGCATTGAACTCTATCATA
GAT TATTG CTGTCACGAGTIGATCTGTCATTATTATATGGTCCAACTITAGGTTATCGCCATAAC
CATGATCCTICCTATCCGCACAGAAATATATATGCAACTACCACTICGETCGGCTTC
CAATATCCTGCTGCCAGCTGOACATCAACATCGACTCCA
ACAAGCGAGAGAATOTGGGAARAGAGAACATGTTACGAGTTAGTGTATITGGGAG
TAGATIGTATGAATTGCTTAGTGAGTGGTAATTAGTTTAGCTTGGATAGCTC
GTT 20 ACAAGCGAGAGAATGTG GAACAACCACCACCA 291 ACTAATGATAATTAGACCCGTTGTTGTTGTTGTTGTTGTTGTTIGTTGTTGTTGTTGTT
GGA ACCAA GTTGTTGTIGTTGTTGTTGTITACTATGTACTACTAAAACTGGGTTGTTTTACTGTTG
TCGTAGGTGTTATAATICGATTGGTIGGTIGGTGGTGGTTGTICTGGCAGTCAGTTT
16AAGG
CTGGAATGGCCGTTTCCTTTTTTTTTCTITTCTITTCTITTCTITTCTITTCTITTCTTT
CTGGAATGGCCGTTTCC TCGGGTATTGGCCAA TCTTTICTITICTITICTTTICTTTTICCATIATTATITTTACCCTICTITTATATGTAT
TTTTC 12 281 | smmmmarmcreacemceremmatameTiescicacc o
TTT TCTCA AGCCCCGTATTACTAGTAGTGATACTATAGAGTACTTAGTAGTTACGGGTCCGGAA
GGGGTTGGATTGAGATIGGCCAATACCCGAAATCTTTGAACTIGGAAGA
GGTCCCACTGGATGCATCTAGATCCTGGAGAATCCTGGAGAACAGATITATCTTAC
GGTCCCACTGGATGCAT ATTGAGTTTGGCAGC GOAGAAAAATTGATCAACGGAACATGATGTITTTTTTTTTTTTTTTTITTTITTTTTT
T 60 263 | o e s s e
CTA ACGTT

TCTACTIGAGCTTTTCTTAGTCTCCAGGCTGATGGATAGG TTGCGGCAGAACGTGCT
GCCAAACTCAATAATATGTTCATCTACAGAG

AAGATTGG

AGAAATGTGAGGGGAA
GGGG

TGGGTGGCGTGTATG
GTAAT

224

AGARR w TAGAGGCGAATGCAACTGCARGAAG
CCCAAGGCATCACACAGAAAGGTTGAAAGATIGGAAGATIGGAAGATTGGAAGAT
TGGAAGATTGGAAGATTGGAAGATTGGAAGATTTTCATIGCACTTACGGGCAGTGT
TCCAAAGCCATGGCGATCGCATTACCATACACGCCACCCATGAACAACCCGAAGA
aGer

GGAACGAATGACAAGACGGGCACAATGGCGCATTTGCAGCGGTICGTGAGTGTCA
GGACGATTAAAGAGGAGTTTGGGAGCTTGGAGGAGGTGGAGTATCCTTCTAATGTT

GTA 1 7 GGAACGAATGACAAGAC TCTCGGTATAACCAA 3 1 9 GTGTGATGCTGTAGCTTGTCGATAGTAAATCAACGTAAACTACGATCGTCCTTCTTC
GGG COCGT GATICTATCATATGATICTTATTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
AGTAGTAGTAGTAGTAGTACTGCATTATITGGGAAACTCTGGCAAGTTGTATACC
ACGOGTIGOTTATACCGAGATATAATATCACAGGAAAT
CTARGACTCCTCTICTCT OO T TCTGTC T CCORTCCTCCTORGA
rece
GA 24 | GOOCTAAGGETCCTCTT GTTACTCTATTGCGG 301 | comemmescmacecorneccamaresteatcracracroctactacte
crc CGGTG CTOGCACACAGTCTATIGTTGTGAACCOATICGGTGGCAGTGTIC TTOANTAATTG
GTATIGICTCACAGCCAGGATCACCAACCCATATTATCGCCGCCCACCACCACEGE
ATAGAGTAACATCAATGCAA
TCTTTCGTCTTCTCCACC TTTGATTTGCCATCCC TCTTICGTCTICTCCACCCCCATGCTTATATTATATGTATA TGTATATGTATATGTAT
TATATG 8 | S e —— -
cc CAGC GGGGGCTGAGGATGGCAAATCAAACATACATGCATACATACAT
TR OC TR TCAC A oA T TCGACC GG CaATTATORCCOTaTGTGE
CTGCGCAGOACCAGAGOACTIGGACGGGGTAGICACGAGCTCTAGCCGCATEATG
AC 23 ACTAGCTCCGAGTCACG GAGGAATGCGGATGT 3 04 GATCCAGCTGCATGCTGCTGTTTCTATCCACTGGACACACACACACACACACACAC
ATG TGTCC CACACACACACACACACACACACGCACACACAGATOTTGECCTOTCTGCTACGG
AAATGATATCCCCAGCCANTCTAGTGGGCGAGGTCGCACAGACGGACAACATECG
CATICCTCOCCGOAGCAGRTTACGCAT
ARG TAGTOCTOACGOAG ARG AR TATTGTGOATRTCAARTGRATCRATTAR
ATCAATCAATCAATCAATCAATCAATCAATCAATCAATCANTCACGGCTGACCAAG
AATC 11 | ATCTAGGTAGTGCTGGA | ATCTACCGCGATCTC D98 | AmcamcsTseaATIAGIGACTTICAGTETAGMEAMCCTAGGGCCCGE
GG ATCCC GAAATCGAARTGGGAAATGGATCCAAAAGCATAACGAGTCGCGCACTCCCGTTCG
TCGTCATCACCCAACGCCCCOATICCTGTCTACGCAAGTOAATCTCCACTTGGGA
GGGATGAGATCGCGGTAGAT
AT RCCCTC TG GGG TCT AT TR TEACTCGOCO0aAGAG
CCAACCCTACCCTCTCG GTAAGGAGGGTCGCC ACGCGAAACCTAAACGGGTGGATAATAGCGAGAGAGAGAGAGAGAGAGAGAGAG
GA 20 233 | AGAGAGAGAGAGAGAATOAAGATICAAGCGAGTOGATITGACGAAGTGGGTATTG
ATC GATAA ACCGAGGCTGTCAGTTCGCGACGAACGGCTTATCGGCGACCCTCCTTACTGACACA
G G 1 3 AAGAGGAGGAGGAGGA CCCTTTCAGTAATGG 2 3 8 CTTTTAGGGTTAAAGGACGAAGATGTCACCTAGATAATATTAGGCGAGAGACAAA
GGAG GCTGC ATAAATTCAGTGTTGGCCGATCAGCCCCCGCTTGCCGCAGCCCATTACTGAAAGGG
AAATCTAGAGTCAGTCTCC
CAGTGATACTGCTGCTG GATCTGTGCATCTCC CAGIGATACTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTCCGCCGOATA
CTG 13 137 |
CTG TCGGA CAGATCAAGGATGATCCTGCTICAG
G 1 9 ATGGACAATCGATCGAG AGCAGATACCGGAAA 139 ATGGACAATCGATCGAGCCTCTTCTAGCGCTGTGGAGAGAGAGAGAGAGAGAGAG
A TGTICGTCTTATCTGTATGGGGCCAGATGGCTTTCCG
CCT GCCAT GTATCTGCTGACTITTTCAATITTTTTT
R TCRATATGTCTIATITRGTACRTCTAGACTAGRRTATGRRT
TAGTAT TATAGATAAATAATAAAGAT
T T 4 | OCTGTGAGAGCCGATCA | ATCCTTCTGGCTGAG 317 | - T T e
AAAALTAAA AAT AGTAGC AAAATAAATAATAAAATAAATAAATAAAATTAATAAAATTATATTATATAATTT
AATTATATATCTCTOAATACTACTITTTATTATATTATCTTTCTTACTAAGECTGACT
ACTCTCAGCCAGAAGGATATTATTATICTTATANTITA
TR CCACCTCTAA GG TTACTOTACR TATTCTGTICTCTCTAAARACTATIACAR
GGCCCATCTAACCAGTCGAAGTGGACGAAGTGGACGAAGTGOACGAAGTGGACGA
CGAAGTGGA 4 | COOTACCACCTCTAAGG | CGCTTGCAAGAACTT 204 | ocroraCeAMAMGCAACOGEAACOMAGAOACGAAGKAGACO
oTT CCCTT AGCAGACGAAGCAGACGAAGCAGACGAAGCAGACGAATTTCAGCTAGGGCTACA
ACTCACCAACCTAGCAGCCTAACAAGAGOCCACCGAAGGGAAGTTCTIGEARGCG
aTaoACTTCTTCCCCCC!
P GTCTCCTEAGCAGECTTORTTGTACTICTGCACTCARTARATAGACTCGOTCT
ATTTGTCTCCTCAGCAGC CGTTTAAGGTCCCTT TICCATGGTITCCTITCCCTGATCGCTCTICCCCCTGACTCTICCTCCTTTGTTGTTG
TTG 12 258 | remmermmemerTeTcesesTITOTISTITIOAGAAAATE
CcT GCCAG GATCAAGCAGCAAGTAGCTTGGTTCACGACCGGAAGCTTCTGTCCCCTGGCAAGGG
ACCTTAAACGAATCATACACAATGCCTGA
AARTCOTO A AR GCGATTOGCTTAGRTACACTCRTTCGCTEACTCTTCACTCGAR
G 17 | AAATCGTGAACAGCGAG | CGCGCAGTTCCAAAG 174
A TGG TTTTG AAGAGTCCTAGTAATCC AAAACTITGGAACTOCGCGCCAACTCGAT
GeaaacTe
GCAAGGCAAGGGGAAA CGCGCACGACTAGAA GCAAGGCAAGGGGAAAAGAATCCGTAGGGCCATGTGGAGTCTTTTCTTCACGGGE
GCT 11 265 | o T
AGAA TTGAA

CTGCTGCTGCTGCTGCTGCTTAAATTGGTTCCTIGTGTGTACTTTCATCGTGACCGG
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ATAACTCTAGGGAGCCCCTTACTICCAGGCTCTICTTIGICTCGAAATCACCGTCGAA

TICAATTCTAGTCGTGCGCGGTAGCCATGCTCAATTCGA

TGACCAAGCCTGCAGTCTTAGGTTC

GTAACGATGACGGCCTICTGAGTAGACATG

GT 11 TGACCAAGCCTGCAGTC AAGGTTGACCCATAG 262 ATTGAAGATGAGATGATGAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTCACA
A ITGGCGTGTATAGAAGCATATTTAATACAACACTITG
TTA GCGAA TITTTCTAACCTCGGATCGGACGCGAACCGTAATCAATAGCGATAGATGAGCAATC
TTCOCCTATGGGTCAACCTTGTATCGATGACAAACCTAC
AT A ACA TG CTaCTICTAGCT GGG TARTCRTACTCCTACCD
TCCGATCTTCAGACATC TCTCCAACGTTCCAC TCCTCTTCTICGCAGG GGG TOCTACTGETGCTACTGETGCTACTGETGETACT
TGC 11 243 | rermommosccreaTcoTecoGeTCCOCTACTITO G TECTCCTANTAATOC TGO
CcCG TTCGA GCTTGGACGGAAGAGGGAGGGGTCTGGAAGACATCGAAGTGGAACGTTGGAGAG
AGGAGTGATGAAG
ATOTCAGAGAGRGACCCGTE A TAR G TAR T TTCTTACGAGGGRTCATCE
ATGGATGT, TAAAATAAAAT
AAAAT 6 | GAGTGTCAGAGAGAGAC | GGGTGATTTCATCGG 309 TAAAATAAAATG TCGAAGGAATAGGCAGTGTTGACAGATCTCTTTT
G cTTCC CTATOACTAAAAGAGGCAGGCTACTGAATICTCAGGCAGTAGATCTGATATCA
GTATTATCAAAGTCATACATATATCAGACATOTCGCACATGATOGCTGTAAGOAAG
CCGATGAATCACCCTICAAGGTCGGTCGGGTGE
TG AAAGTGAGTITAGCGTTOCGACTO TG TGO TG TCGCaaCTTT
GGTGCCGCAAAGTGAGT GGTCCCCTAACCATA AGGGGTTATGGGGGTGGGATAGGGTGCAGTCGCCACAGCAGTCGATGCAGAT
CAGGGA 5 253 | GcAGCATCAGGCTO0060ATGAOAGOAGGAGGITOTATEAGGGICCOCATEG
TTA GCCTC GCAGGGACAGGGACAGGGACAGGGACAGGGACCGGGACAGGTGATGTATGAGGC
TATGGTTAGGGGACCGTCGGAGTIGGATIGGACG
TR ACGOACTOOA TG TRCT T GRTATGRTAGTTCTITCTTCE
TTTTC 6 | CCTATAGGGTCACGGAC | GTACATAGGCCATCC 178 | reasermeercssrsmmenmenmenmen e iciermer
GG CGTCA TTTACTOCTAGCCAGACAGCCTTGACGGGATGGCCTATGTACAACTACGACTATTT
AccAC
ACCACACCACACACTAC ACCCATGCTTTGCTTT ACCACACCACACACTACACTACACTACACTACGAACAAAAACGACAAACATAATC
AGCAA 6 143 | oacANTAATAATOATCOCTAOACGIAATATAGCARAGCAARGEAAAGEAAAGEA
ACT GCTT AAGCAAAGCATGGGTGTTAGATGGATTGCATAGT
AT ACCOeRCACGCTO AR TOAACA A TR RGGGAAAAGIGG AR TGTAGAR
i o TAAGGATAGTANG (GTAAAATAAGATCACATGAA
GTAAGT 4 | AATTACCGCACACGCTG | AAGCGGCAGAGGAG 319 v AT TARATEACATS
AULAA AAA ATTGTA ACAATAGGTGATATCAGTCAATAAGGCCATACAGAGTAAGTAGTAAGTAGTAAGT
AGTAAGTAGTAGGAAAGTAAGTCTCTTGTCCCTTATCGCTTAATICGTCCCCTCTCT
AATAGATACAATCTCCTCTGCCGCTICTCCGAGTICAACCATCAA
T TCTTGCTTGGGCTIGAGTTGGG TG TG TOAGGTCTACTCGCATGTT
ATGT 77 | ATTGTCTTGGCTTGGGCT | ATGGGGATGTCGTGT 221 | ommwncmmoarmmoosmstoatTAcoTaTATATATCATA GG
TG TACGT CTATTATTATTICTICACGATGTATGTATGTATGTATGTATGTATGTGTCTATATAG

GGATGAAATCAACGTAACACGACATCCCCATCCCCGTCCCGAAAGTGCCT

GGAT

CCTACTTTCGCGACAAT
GGG

AGTAGCCTGCATATC
GCCTT

210

CCTACTTTCGCGACAATGGGAGCAGGCGTCTGCCTTGTAACACAAGATCG TTGCGC
TACGTTATCAGTTAGATGCATGATCATIGAGATTGTCCCCTTCCTCGTGAAATGTAC
AGTCGGATGGATGGATGGATGGATGGATGGATGGCTICATITACCCTGACCCCTCG

CTAAGGCGATATGCAGGCTACTACCACTATATGTATCTCTT

ACGGATCATCCAAGCCTGATATAACACCAACAGCGAAGGCTGGACAGGAGCTGCA.

ATCC 7 | ACGOATCATCCAAGECT GTCTAGGGTGCTTGT 186 | rorcrsomssacacceoncacacatmacarmneatseatreansrcentceatce
GAT CAGGT ATCCATCCATCCATCCATICAACCCATICAGG TTGGACCTGACAAGCACCCTAGAC

AAGAACGAACTAACCACCA

AT TGAACGTTGCTCCTIGTATGARGGARGATGAAGETCTIGGATICARTCARGS

ATGGTGAACGTTGCTCC ATCAGTAGGGACTCA GATGCCATTACTCC AAAGGATTAATAATCTTCCGTGTTCCTCTTTTTAATG

AAGGTTTCT 3 275 | o0ACtAGEAACCAACCTOCTOGCATAAAAATAGGTAAAGGTTTCTAAGTTTCT
TTG CCGTG AAGGTTTCTAAGTAATGATIGGCTCGAAGCTATCGATCACTCGAACGATTAGATCT

GGTCCTAACCTCACGGTGAGTCCCTACTGATCATGGTCGAGGGATCTTTT

TR TG T T TGCCCATC TG TGGATICGGCCTG 5

GTTCTCCATGGTCCTTGT TGTGTTGCAGCATAC TCAGAGAGAAGAATCTGCTGCAAACGCGGCCGACGTIGCGGATGCCGCTAATGCC

ATGCCGCTA 3 242 | comamcocmasmacTscasTarToOAATOCTICGGACAGTOTCARGCAGE
GC TTCCG CGATGTTACAAACAGTATCGAGGCTGCTACTGATGCGGAAGTATGCTGCAACACA

ACTCCCTGTTTCATTGGAT

GGTGGTGTT

TCGTCGAGGGTGGACAT
TTT

CCCGCCCAAATTTTT
CTCCA

153

TCGTCGAGGGTGGACATTTTTGATGGTACTTCTTAGACGATGTAGATGTGTATTTTG
TGTATIGTTIGTTAGGTAGATGATGGGTGGTGTIGGTGGTGTTIGGTGGTGTIGGTGT
TGGAGAAAAATTTGGGCGGGGAAGTGATGGGATGAGATG

AAGTAAAAGCAACAGGCCGGTGACATCCAGATAAATATAGAAAAGAAAGAAAGA
\GAAAGTAGAAAAGCAAAGCAAAGCAAAGCAAAGCAAAAGGATAATGTTAGTC

AAAGC 5 AAGTAAAAGCAACAGGC ATTCTCCTGGGACTA 290 ACGAGAAAACTAGTTAGCATCAGAGCAATGTCAAGTGATGAGCAAAATCAACTGG
GG CAGCG ITATCTITGGTCGCTTATIGTACCTOGCTCCAGGCOGCAACACCACGAGCGECTG
CATGCTICACAGTGAAGCCACACCGANTTAMAGTGTCCGTCGAAGGCGCTGTAGTE
CCAGGAGATGGAAA
AR TTTACG O AGGTCTACTC TG TTGACCCCOOTAG T TTTTAGTATOOTGS
AGAGGTGCAGGGATCCCANTCCTICAAGCGGTGAGTCTCTTGACTAACACCGCCTG
GTTGAA 4 | TOAACTTTACGGCGAGG | GTAAGAACACGGATG 309 CCTGATATAGECACGCGTIGAAGTIGAAGTTGAAGTTGAAGCCCACAAACGCGTA
TCT CGGTC AAATATGATGAATTCTGCTAATICTIGOTGTTTTCAAAGATGCCTICAACTCCTGAA
CCTACCTCTCCAAATCAACAAATICARAGCGGCTTGATCGTOATGACCGEATCCG
TGTICTIACTCTICGTGATGCTGTTTT
AT CCCTOTRCCCCaA TR A TACTEAGEC TG TRGTCTCGARTCGATAG
TAAGTACCCTGTACCCC ACGAAACAAGCGTCA LooTITIGTGaaTATTIOTC TaagTac <
TACCAC 4 303 | rommammemammceATIemACICTTIC TG T GTTTCTACTTAT
CGA AGAGG ACTTACTCTTACCACTACCACTACCACTACCACTATCTACCACCACTACTTACTACT
TAGTAGTAACTCTIACTCTCICCACCGGTTTTCCCCCCTCCTCTIGACGCTIGITICG
———
S ACCTACTC TG G TG TG TIGTRGGARTOCGGTGTATTGTGTTONTG
——— TATCATCATCATCTGATACTACTATGGGAT
TGGCTG 4 | CCGTGGAGCTACTCTTGG CATCCTAGCCCAACA 297 | commanemensansatasress ioicriancatccerios
TGT GCAAC GOTICTGACATATACTOACTCTGGCTGTGC TG TGGC TG TGACTGTTGTIGGGGTTC
FTTTICTICIICTIG TG TG TG TG TG TIGTTGCTGTTGOGCTAGGATGGTATAG
TACATGAGTTTCT
CTCCTTTGGGCCCTCAA GATGCGCCCCTTACT TTTTATCGTCTCCCCGCTATICCTGTACATTTITATACGGCATACGTATCTICTTTCT
TCCTCTCC 3 287 | wccromcocrreerercerectercetcerecercerermectenerecererer
GTA CAAAG TCGTTTTTCTCCTICTCTTTCCCTCTCCCTCTGCAGTCGTCCTCATTCTCCCACCCC
GCCTCTCATATOATCTTTGAGTAAGGGGCGCATCCGCTATAAACCCAATACCT
AGGCTCCCCCACCAAAT GCAGACCCATGACGA GAACCGAACCACGGACCAGCCTTGACTGCCACTACAAGATTAACAGGACGATGTA
AAA TGTTC CTCAACCATTACCCAAATCCGTCATTTCCCATTCCGTGTGATCAGCGCTGAGCAGT
GAACATCGTCATGGGTCTGCAATANTCAAATAAGATATG
R ATCC TG CTaC AT ARG GG TC TR TGCTGCTGTCARTIGTIC
AAACAGGATCCTCCCGA GTAGATGCAAAAGCG TCCGTGCTCCATTCATTCATTCATTCATTCATTAATTTCATCCCTICTACTCTTTTCT
CATT 6 249 | ccoceremacacacacocanacesarrmserre CACCTIG
CTG AGGGG ATTAGCTGTGTTTCTICTTTTCTTICTTGCTCCATTCTITCCCCTCGCTTTTGCATCTA
[ ————
AR TOGGGCAAAGAGRGACARTGAGRTGATTGTFTGTTTCTTATCATTATIA
GGCAAAATGGGGCAAA TACCTACCCAACACA TTATCAGAAGAGAGGCTTGCTGAACAAGACAAGACACATGCAGTGTACATGCAGA
GAGA GCTGG ATAACTAGGTAGGTAGGTAGGTAGGTAGGTAGCCAGCCAGCCAGCTGTGTTGGGT
AGGTAGTTGGTTACATGGCOTCGT
O ARGATCGCGA TG AT TGARTOCACTTCAAR TGACAACCGCACTIGRTGAG
GGGCAAGATCGCGATGA | ATGCCCAATGGATCA ITAGAAGAGAAGUAAGAGGAAGAGGAGAGIAAGAGGACGACGAGAATIAC
TTT ATCGC CGAGGACAGTGACCTCAATTGAGAGGGGGGATGGGATGGGCGATTGATCCATTGG
GCATTOGGCCATCCCCGAGGTT
R CTOACCCCCTCCTICTETTCT TTGTTTGTITCCTGCTICRGGAART
ATCTGACCCCCTCCTTCT TAGTTTGAGGCCGGA TAGCAGCTCAGAGTCTCCAACCCCGATACCTTACTATTGCTTCTAACTCCATCATCA
CACCAT 4 230 | reAToACCATCACCATEACCATEACCATEACATE TACG TOCCTETTTOATEACCGAT
CcT GACAG TCGGGCGAGTCGTACCAGACAAGACGGCCTATCTCCGACCTCAAACTACACAA
ancecceeTee
— — - - TR TACC A TR CCATACCE A TR A TR A TR ARAGCCCCCCCTCTICTCTTT
CCCATA 4 | CTOCCCATACCCATACC AGTACGAGGGCGAGT 227 | conceacrecomaoiacacameasceaceamaeciceacieater
CAT TTCAA TOACCAAGACTCTCCTCCTCCCTCTCACCTACTITACTCICAATCTCCCCCGTTGTT
GATCCTATCCCGOTCTCTACCTCCCCGOTTGARCTCGCCCTCGTACTICTTCCG
TOCCOCTTACTTTACCTEGTAACGCCTAR TR TGCCTGCCCACCTGRTGATOR
TCCATACA 3 | CTTGCCGCTTACGTTACC | GTCACGTTCTGTCTGT 185 | TeATCCACATIATATGATGGTITATIACAN TACGACAAACTGCGANC TG T
TC TCCG GGGACTCCATACATCCATACATCCATACAGACCOGAACAGACAGAACGTGACAAA
AGTACACGGACCACTT
TR GOAC TR ACTACTCCTACTACCRCTACTRTTACTATICTIACK
ACTGATTG 3 | CTCTCTACCCACGGACG GACCCGAGGGAGATT 181 | emcsscmmcosmmncronmiorctoamioamccracerrreccearceact
ATC AGTCG CACACCACGAATICCTCCTGCTAAACTACGACTAATCTCCCTCGGGTCCARTCCGT

GCTTCCACTAA




27

ATGCCGCAGTIGGTTACTIGATITGGATCCGCGATAAGTATGCCCCCGTAGGTGAR.

TGTT 6 | ATOCCOCAGTTGGITAC | TACCCACTGGAACTC 174 | sconcemeomomnanomerancamenromonmoma
core

CTCCAATACCCTCTCCG GAGCATTTTGGTGGG CTCCAATACCCTCTCCGGACCACAATTGTCACTGCTACCACAACGACAACCAACCC

GAC TTGGT CCARCCANCCAACCCACCAAMTGCTCTICTECTECCTE T TCCT

TCCTCTTCCTCCTCCTCC TCCTCGATAGCCAAT TCCTCTTCCTCCTCCTCCTCCTCCTCCTCCGCCAATTGTTCGTCGTCAATGGGTACGT

TC GGACC GAACTT

GAGGATG 3 | GTTTTGATCGTGICGAG | TTCATCTTCCACCACC 285 | cormoscesteasseaTaseTsacTaGoAGREMGAAGGGATRGACGTACA

CATGATCAGGCAGGGTTGGTGGGTTGGAGGGTGGTGGAAGATGAAGTCCAGGATC
TGTTGAGCC

Tabela Suplementar 2.

CEPA CBS 554.65

Unidade STR

N° de copias

Primer left

Primer

revers

Tamanho do

Amplicon

Amplicon

TGCTCACAAATCCAGGCAACGATATCAGATCATGGCAATAGCATCATICAGGCTGA.

TGCTCACAAATCCAGGC ATTGAAGATGCGTGC TGTATTACGCCAATTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAG
TAG 55 274 | tAcTAaTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA
AAC TGCTG GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
TAGTAGTAGCAGCAGCACGCATCTICAATATCAAAATAAATAAGETCA
TCCCATTTCCCCCATITCCTICTTTCCTTCTITCCTICTTTCCTTCTITCCTICTTICCT
TCCCATTTCCCCCATTTC CCATCCCGTCGATTT TCTTICCTICTTTCCTICTTICCTICTTTCC TICTTICCTICTTTCCTICTITCCTICTT
TTTCCTTC 17 275 | wenemcenereenermeenerecrmecrienrerer et
CcT GAACC TITTCTITICTITTTTTTTTTICGACCTTTTTTTATTTAGAGTTTACGGTCCCATGGTT
CAAATCGACGGGATGGCTGGTACATCCGTAATCCG

ACACGCTTCTAGGGATCGAGCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCT
ACACGCTTCTAGGGATC AAGCGTCTCCAGGTC CCTCCTCCTCCTOCTECTCCTCCTCCTCCTECTCCTCCTCCTCCTECTCTECTCCTCC

CTC 35 249 | recrecreoreatcocoTTan AT A TICTTITOGATATETGTCAGE TG
GAG AAAGA CTAGGACCAGGACTCTCGTCCAATICGTCTICCAGTCTITGACCTGGAGACGCTTC

CATGCAACGGAGTCATIG

CTCOAACACTCTGTOGGAGATOAGGATATACTACGTCCATG TTAGC TCTGGCTTAG
TAG 33 CTCGAACACTCTGTGGG ACTTGCTTCGACGGA 2 1 9 TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA
AGA GGTAA GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTCGTTGATGAACGTCA

TATIGTGAGATTTTACCTCCGTCGAAGCAAGTCCCAAGGACGTATAGATCC
ACATGCGAGGTGAAGAGGAAGG TGAGGAGTGGGAGAGTCTGCGGGARTICATCGG
. CATGAGGGGGATGATTCTGGACCGGACGGAGTTGATGCCTGGGATGCAATGATAC
ACCTAC ] 6 ACATGCGAGGTGAAGAG GAAGTTGGAGCTGTT 292 GATACTATACTTCTGTACCTACTGTACCATACTGTCTACAATAGAAACCTACACCTA
GAA GTGGG CACCTACACCTACACCTACACCTACACCTACACCTACACCTACACCTACACCTACA
CCTACACCTACACCTACACCTACACCTACACCCACAACAGCTCCAACTICTAGGAA

CAATGAATAGAGA
Ny p—— Ny TCTTTCGTCTICTCCACCCCCATGCTTATATTATATGTATATGTATATGTATATGTAT
TATATG l 6 TCTTTCGTCTTCTCCACC TTTGATTTGCCATCCC 205 ATGTATATGTATATGTATATGTATATGTATATGTATATGTATATGTATATGTATATG
cc CAGC TATATGTATATGCTGTGATAGGAGGGGTGGATGATGTGTATGATGTAGGGGGCTGG
GGATGGCAAATCAAACATACATGCATACATACAT
GGCTAGGGGAACACCTICAAAAGAAARTGCATTIGTGATGTCGAGTGTATGATITCT
GACTICCTTTTCCAGGTGTATTGATTTICTGGGGAAGTAGTAGTAGTAGTAGTAGTA
AGT 27 GGCTAGGGGAACACCTT AACAGCCTGACAGCC 3 1 6 GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
CAA AGTAA AGTAGCATATITCCATGTTGTTTTGTAAATGTAGCGTAGTTGGGACTCATACTACTA
GTAGTCCTGGTTTGAGGTTAGCTCGTTATTAGAAGGCTTACTAGGTACTACTTACTG
GCTGTCAGGCTGTIGGCTAAGCCTTATACTATT
CTCCACTTACTICCCTCCGOACTACGGGAGT A TTATTTCCCATCATICATGGTATA
ACT 2 7 CTCCACTTACTTCCCTCC TCGCATAGGACGGGT 2 2 1 ACTATAACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACT
GG TTGAT ACTACTACTACTACTACTACTACTACTACTGC TTATAAGTAGACCTACGTAATGAGT
ATAGTCAATCAATCAAACCCGTCCTATGCGACACCCCCATICGTAATGTA

TACCGTCATGCACTACCTCCGTAAGCCTTATATATATICCTGCTCTCCCTCCTCAT

TCGTGCTTCTICTICTICTICTICTICTICTICTICTICTICTICTICTICTTCTICTTC

CTT 2 6 TACCGTCATGCACTACC TAACTGGCCATAACT 2 9 6 TICTTCTTCTICTTCTTCTTCTTCCACTACACTICCTAGGTCTTCAGCGCTCTATATA
TCC CCCGG TAACACATCAACATGTCCTATTATCCTGC TATCTTGATGCCATAAAGATACTTACTT
CATAGTAGGCCGCTGGTATAAGTTGCCGGGAGTTATGGCCAGTTACAGAACTGTTC

ATAATAAT

TTGGGATCACTITCGCTTGCAGAAAAAGTCTCTGTTTGCATGCATGCATGCATGTGT

TTGGGATCACTTTCGCTT AAGAGGCGTGTGAGT GTAGGTATTGCACAAGTATTGTACGTAGCGATCGATCGCATACCATTCATICATTC
GC GTGTA TICTTTCTITCTITCTTTCTCTCTTTCTCTCTTTCTCTCTTTTCTICTICAATCACTTGG

TACACACTCACACGCCTCTTTGTTACAGGCGTGTGATAT

CAGTAGTCTGGTTGGTCGGTTGGTTAGTTAGGTTTGTCGCTCGCTCGCACACACGA
CAGTAGTCTGGTTGGTC GCCGAGGATGTCACA ATTAGTACTGTGGATTATGCTACGCACAGATACAGAATGGATTTCGGTAGTTGGTA

GGT TTCAC GTGTGTGTGTGTGTGTGTGTGTGTGAGTGAATGTGACATCCTCGGCTCGGTTGACA

caTTTCCCT

GTGAAGAGA

TGAAGGGGGTGAAGAG

CGGGAAACAGGATTG

280

TAATAAAATGATAATAT

CTGATTGGAAGAACACAGAGGGTGAAGAAGCAAGGTAAGACGGTAACTCACACG

AGTG CAGAG GAGGAAGCTGGGCAGTGTTCTGTTGTAGAAAGTGGGGTGGTAATAATAATACAGT
GCCTTGCACAACCACCCTGOCCACCCGCAACTCTGCAATCCTGTTTCCCGAACCCC
AAACCGG
AACACAACTGGCACACACACGCACAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA
AACACAACTGGCACACA CACCTAAAGCTCCCC GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAATAGTAGTAGTAAT
CAC AGGAA GATAGGTAGGGTATGACTATATCTCTTCATGTAAGCTCACTCACTGTAAACACTAT
TACTTTCCTGGGGAGCTTTAGGTGCTCAAAGGAGATATGAGGT
CTTGGCTCCCGACACTTTTCTTTTGTTTTATITITCAATTTTICGTTTCGTAGGANTG
IS ) . CGATGGATCTGAGGCGGCTCCTGTGGGGGCCACCATCGTAACTATGAAGTGATCCT,
CT 3 3 CTTGGCTCCCGACACTTT GGACGATGACCAAAG 298 AGTGATCCTCCTGTCTGCCGCCCACACGCTCCACACGCTCTCTCTCTCTCTCTCTCT
TC GATGC CTCTCTCTETCTCTCTCTETCTCTCTCTCTETCTCTCTCTCTCTCTTACTE TTTTGTCTC
AGCACCACCCACCATCTGTAAACTICTCGCATCCTITGGTCATCGTCC T
GGTCCGEAAA
TGCTCTACTCCTCCTCCCTTTCTCCCTECCTCTTCCTAATCTTTCCTATCTCTTGTTOC
TGCTCTACTCCTCCTCCC TCCGACGATCTGACA CCTTGCCATCCCTTACTIGACCATTTCCCCCCCTCTCCTGTTGATCTATCCTTATTCT
TTGTCA 11 254 | cocomoreamoresmoreatmoeamoTeATIOTCA IO CATIGTEATIGTC
T GTAGC TTGTCATIGTCATIGTCTCCTCCTTTTTGCC TCATAGAAGGC TACTGTCAGATCGTC
GGAGACAAAACATGTCCCCTAG
GTCTAATCAGCCGATCAACTCAGAGAACAGGTTACATATCOACTCTCGTGGAGCA
65 GTCGTAATCAGCCGGTC TGGCCTTGAATTCCC 270 GAAGCCCAAAGAAAGTTTGTTCCGTAGATTTTGTAAATAGAAGAAAAAAAAAAAA
AAC AGACT TTCACCTICACGAAGCCAGCTCAGAATAAATTGCTTGGAACACTGTTCAACCATGA
CATATCTTGAAAGTCTGGGAATTCAAGGCCATCCAACAGTATTGAATIGA
AGTTCACTGGATOGGOACTGTGCTACACGARTAR TTATCAGC TTCCTGTCCTACAT
GACCTTGCCTACTGGCACATACTGACCGTTTCCCAACACACACACACTCACTEACT
CT 32 AGTTCACTGGATGGGGA GCCTCTTTTGTGCCAT 3 1 7 CCACACACACACACACACACACACACACACACACACACACACACACACACACTCTC
CTG AGGG TCTCTCTCTCTCTCTCTCTCTETCTCTCTCTCTETETCTCTCTETETCTCTCTETETE T
TGAAAGCATATGATAACGAAGTCTCCCCCACCTCCGAAACGGGCGGTCTTACCCTA
TOGCACAAAAGAGGCTAGCATATGCATCATGAGG
— - N CCATCCAGGACAACTCCAGTAGCCACCGTACTCATAGTTTTTTTTTTTTTTTTTTTTT
T 6 4 CCATCCAGGACAACTCC AAGCCCAGATGGAGA 1 99 TITTTITIT T T T T T T T T TETE T TT T T T TTTTITTGGTTTTTCCCC AAAC
AGT TCTCG TGATCGCCGACTAGCCAGGCACCAGTATCATCAGATTACGTCGAGATCTCCATCTG
GOCTTTTGAATG AGCA
CATAAGGCAATCACACCCCGTAACTGCANTATGAATTCANTTTAGACTTACCAACA
CATAAGGCAATCACACC AGTCGGCTGCTAGTT AGTAGTATATTGATACATICAATACTAAGGACCTCCTICTCAATCCAACTCTAGTA
CCG AGTGG

CCCCCCTCTTCCACCTGCTCATACATACACCCTATCCAAATAAGCCACTAACTAGE
AGCCGACTG

CATCACATAATACACAA
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TIT TGTTACACTATGATGATGATGATGATGATGATGATGATGATGATG

TTTAGCGGGGGTGTTAC AGAACACAACCCTAG ATGATGATGATGATGATGATGATTCATACGCTGACCCCTCGCCTAGGCGACATGCA
ATG 19 245 | GoGATCACTATCTATACGETCTATO TACATCCATIGAACGTGAACGATTACTTTCC
ACT GCACA CGACGAATTTAGAGCCTCGTCAAGGCCTGTGGTAGCCTGTGCCTAGGGTTGTGTTC
RES——
TR TR AT AT RGO C AR TCT A TR TACCERCACACACACAT
(CACACACACACACACACACACACACACACACACACACACAGCCTAGATCTACAG
CA 97 | TCGTCATCATCACACAA | TGATGTGCAGGTAGG 206 | smemeancermiarcerccaccccamecccarecetconcaantecece
cGe GTGTT CAACATCCCCCCCAGCACACTCTGEACCACCCACGOCTACCACAGECCGACCCGCC
TACGCCOCCTCTACTACGACACCGACCCCAACAAAACACCCTACCTOCACATCACE
AACGTGECCCCGACCCT
TCGEACTACE CRGGCTICTGORTTRTATGRTGRT
GACCTITCAACTOCACAGAAGAAACCAGCGCACAAAACCTTCTTGATGCTOAGE
GAGGAGGAA 6 | COAAGAAAATCGCACTG | CCTGTAGGCTCTCGT D8O | ACHAGCICATOGCGATAGTATC GG GEAGECTCCTEAGAGGAGGARGAGGA
coa TCCAT o
AGGAAGTAGAGGAAGAGGAAGTTAATCATGCTATGGAACGAGAGCCTACAGGCAT
GGACGACGACGATATA
TCTORTTCTOCCACCACTCTATIGG AT TTCCCTORTICCCTTITATICTTGT
TTCTGATTCTGCCCACCA CAGAAGCTGCAACAA GTCGTTTGTGTCTCATTATIATTATTATTATTATIATTATTATTATTATIATTATTATT
ATT 18 245 | ArraTIATIATCATCATCO TCATEATCA TIATTATEAR TITTTTITTCTICTIETTCTT
CcT GAGCA TITTCTTTICTCTCTCATICCTTTTGTTICTCTGCTCTTGTTGCAGCTTCTGTICGGCGTT
TCTTACAAGA

CTACCGCCTGTTTCATTC AAGGGAATACGACA CTACCGCCTGTTTCATICGGGCGTGCTITGTGCTITCTGCTGCTGCTGCTGCTGCTG
CTG 18 121 | cxeracrseractseractseractseractomcamammecerrocTrrme o

GG GCAGCA TGGATG
TR TOCACTATICGEAR TR ARG TCEATTAGAAAGTGTGTTARRTOGRTCTGTG
e e ACATACCCTTICGGCTOAGCCGCCGOGCGTTAATOANTTTTGTGTGTGTGTGTGTGT
GT 26 | COTATOCCACTCATICG | GGGACAATGGCAGCA 289 | ewmmmmsTsTeoTeTeToToToTaTA AT TG GGCATIOAG
CAA GTATG AGTCTATGTTGCATTTTCAAGCTTTTGTTTGACTACTICCTTTGACCGACCTICCTG

CTGAAGCGC

ICAAGGAATGTTCCATACTGCTGCCATTGTCCCATTTCCACCTCACT
ATATA

GA

25

GGCCCTGGCTGATCTGA

ACACACACACACACA

205

GGCCCTGGCTGATCTGATTATCACTCAAGGAAAGAAATTTCCTCCAAAAGCAGTCT
CACCATCCATACC

TTA CACAC
AGAGTOTGTGTGTGTO T TG TTGTGTATGTGTGTGTGTGTG
G TTOGO TR TGACGACG AR COGCAGTOCGCCACTCO TCATGCTTTTGGATCCTTT
CCCATTTCGATTTCGCGGGCCCTACGGTITGTICTAMCTGAAAGTCACTAATCTC
TGAT 12 | GTTGGGTGATGACGACG | CTTTCTCGACTGGGG 308 | corcomaremenrasteascestotoaToaTIATIOATIGATIGATTGAT
AAC TGGAT TOATTGATTGATIGATITAATTGATICATITGATATCCACAATATICTTTTGTCCGTC
CAGCACTACCTACATATCTACCTAGTACCTACTAGTTCGTCATCCACCCCAGTCGA
GAAAGTAGICGTCAACAGAAGGGA
AGTG 12 | CAGGAGTGATGGAGGAG | TCTTTTCCCCCGACTC 206 | caerormcrononmertsatenarasosstoasTosrorctartca
GAG CTTC GTGAGTOAGTGAGTOAGTGAGAATGAAAGATAAGAAGGGAGATGGAATTAGAAA
AGTGGGAAGGAGTCGOGGGAAAAGAATATGAGAGCTGAAGATGA
GOCOOCTACOA TG ARG TITTGTGGCO ARG TGACAARTATTITCTCCAR ARG TAGAR
AACCGTGTAGTGTAAATITATTTATAGGATGCTGGTTTAAGGAAAAAATGGAAAAA
GGAAAAAAT 5 | OGCGGCTACGATGAAGT | TGCAGGTAGCTCGAG 280 .
TTT AAACA GAGGG o6 GGAGAAAAGG GGAARRACGAAGACT
ATCTAGATGICCTCAATIGECCCTGTTTCTCGAGCTACCTGCATTACCATCTGGATA

ATTGC

GAT

15

TGAGGCATGATTGGGTT
CCT

CCGGGTTAGTGGTAT
GCTCT

148

TGAGGCATGATTGGGTTCCTTTACTGGTTAGTCCACCACGCTGCCCCTCGATGATG
ATGATGATGATGATGATGATGATGATGATGATGATGATTATCATIGTGATCTGAGA.

GCATACCACTAACCCGGGCTAGGCAG ot
GTGCAGGTTTAGCAGCTTGTGAGAACAAGCCGCCCTTAGCCCCGARTITGARAGEA
GTGCAGGTTTAGCAGCT TCTGGCAGAGAGGAA CCGICAGGAGTAGCCTCTAGACTIGCCTCCGECGACTCTGGTICGCTGATGTCTCG:
CTT 14 GA 266 | o e
TGT AGTGG TICTICTICTICTICTICTICTICTICTICTICCTC TICCACGTCTICCTCGECTICCE
CACTTTCCTCTCTGCCAGACTCATCGGCATCGGATTCG
ATTCAAGCGATGTACGTGCCTCTICGAGGAACTICGAAGCATICTTGTCCGCCTCT
ATTCAAGCGATGTACGT GGCGTACATCTCTCG GGATGTAATCATTCCTTAGCCGGTCAAATTCGAGAGCGATATCCGCTGAGCGGGTT
ATG 14 264 | oeroCTIeATOATOATOATATOATOATGATOATOATGATGATOATGATIATAG
Gee GGATT AGGGAAAAAGAGAAAAAGAAAATGCGCTCTTTATAAGTTTTCCGGCAATTACGAA
AAATCCCGAGAGATGTACGCCACATATTCGGAATTATICA
GAACCTGAAGCTAGGCCTCAAACAGACACGATGGGGTGGGAAATGGTCGTCATCA
GAACCTGAAGCTAGGCC CCGTATTTGGTTCTTG TCATCATCATCATCATCATCATCATCATCATCATCACCATCACCACCATCAACTCCA
ATC 13 247 | G0cAGGOAGAGCARNTTOAACATATEARATGAANGCAAGEGACAGACTANTTGA
TCA CCGT TCGGGAGTCACATGCAGGGAAGGGCGOAGAACCTTCCTGCAACGGCAAGAACCAA
ATACGGAAGGCGCGACTCCAGCGGA
GOTGTGCGTIGTIGTTGTIGTTGTTGTIGTTGTIGTTGTTGTTGTTGCTTAGTTGOAC
GTT 1 3 GGTGTGCGTTGTTGTTGT CCACACACCATAGCA 1 89 CAGCTGAATGTTGAGGTTCGGATTGCTTGTGGTTGTTGGTTGGGTCGGGCTCGTCTT
TG TCAGC GGGOAGGGGTCCAGTGATIGGAGGTICGGTCTICTGCTGATGCTATGGTGTGTGAG
TITGAGATGGTGCTTTGT
GTCGAGGAAGAGGGTGAGAGGGCGCTTCATGAACCAATGGATTGGCCTITTTATAT
GTCGAGGAAGAGGGTGA GTTCACACGTCAGCT TATATATATATATATATATATATATATATAATICAGTAGCGAGAAATGTCTGTAA
TA 18 268 | TTICATAGTGACACCOTOTATCCGCOG0AAAGGAGGOTOGCTITARTGAGATAT
GAG CCATC CCTTCCOACCACACACGTOTAGCTTICGAATCCAAGC TCCCGATCTCGGACCAG,
TTGACGATGGAGCTGACGTGTGAACTCCTGCGGTCCGATGGAGT
AC C 1 2 AAATCACTCCCCTCATC AGTTCGACGATTGTG 1 6 1 A:x‘A‘K;.TF‘l,‘l;Cl:sT\',A:(‘:ECA‘(“-AA‘:(‘EGCTCTC‘C‘AACA‘A‘CA‘(“{C::AAC(;A(:FA;CCA‘CC
GCA GAGGT TCCTAACTCCGACCTCCACAATCGTCGAACTCGGEAGCGACATCTCCGEC
AAAAT 5 CGCATTGOCTATTCCAA TGGACAGGAAAAGG 203 CGCATIGCCTATICC ,lAu.l\L‘uu./'\nun\«lml\u :,\n R'R TTAGTATCAAGGC
CGA AGGCAT AAATGTCAATTTTATGCATGACAAGATTATIGAGGATTCTGATAAAGCTATCAGAT
GCCTCCTTTICCTGTCCACAAAAAGTAAGGTATCAGT
TGGGTTGCAGCATGAAGACTTGGAAGAGCAGAGGCGCAGCGCCGCGTACCAAGA
GCCCTAAC 4 | ATOGGTTGCAGCATGAA | GCAGGGTGATATGTT 207 | cctcmacocccmacactcmcancccascomTToRCTEATOeT
GAC GGCTG TOCTCAGATCACAATTGTACCGACCACACACAATGACATATTGGGTCCCAACTTCC
TCAGCCAACATATCACCCTGCGCTACAGGGCAGCGTGGAG
TGGCTTTCG: ACTAGGGGCAAGARATATTGTGCCCCTTARAGCC
CTGGCTAAGAAAATAATAAAGCGTTTTAATGCCGAATACCGCATGTCTATACTACC
G 3 1 TGGCTTTCGACAGGAAG CTGCAGTCACGGTGC 303 TCCCTCTTTGTAGTACTAGTATGCAACGTATGTCATTGATTCGGTCC TIGACTGAGA
AGT TTATC GAGTAGTATGCAGAGC) T
GOGTATITGGCAGCTGATGAAAACGTTGTGAAATGAGGAAAGATAAGCACCGTGA
CTGCAGACGGCCGGTCTAATTGAGT
GAGCATCTTCTCCTTGCACGTGCATATCAAATCATIGATCGAGAAACAAGCCAGEC
GAGCATCTTCTCCTTGCA GGAGCTTCTACAGTT GGCAGCTGCGATAACCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCAAACAAGATAL:
C 31 257 | corcossoecermmmosassommasetcomccsaaacteataaceerecetre
CG GCAGC AAACTCAGGAGGCGAAAGCTGAAGACGCAATTGTGGCAGATGAGGAAC T6C
AACTGTAGAAGCTCCTCCTTTCCCCACTAATCGG
TTGTTGTCAGGCCATTTCGOAGGAGC TGACTTG TCAGG TG TTTCTTAAAGACCCT
G 30 TTGTTGTCAGGCCATTGT TCTGCTCCGACCTCT 257 | remecoscncmonocomo
CAGGCGGOOAAGAAGAAG
CcG AGAGA TCCACACTCTAATGGCGCATGTAGCAACGAAGGCCAGTCATGAATTCGAAGTCTAT
CTCTAGAGGTCGGAGCAGAAGCCATGACCGTCGTAGTG
TCATGAACTGGCARTOGTOGOTTC SGGOAATGGCGTAGCACGGAR.
GGCGATCATGAACTGGC TGGAACCGATGATTG GOGAAACGGAACGGAACGGAACAGAACAGAACAGAACAGAACAGAACAGGCGG
AAT GTGGA GATCGTGCTAACATCCTATGGCTTGTTCCACCAATCATCGGTTCCAAAACTGGACG
cretaTTee
GOTTGCGCTGAATTTGGGTAATCCARTCTATCTATCTATCTATCTATC TATCTACTA
GGTTGCGCTGAATTTGG TTCGTCACTTTCTGCT CCATTACTATTGCTGCTTCTGCTGCTGCTACTGATTGAAGTAGTTTTTCCATIGGTTC
ATCT 7 243 | 1ocacaOTAATARGATAAGGACAGAAAAAGCAGIGTATANTGTOAGTG
GTA TGGC

AAGAGTAACAAGAAACTTTATCATTTTTAGGAAAGCCAAGCAGAAAGTGACGAAA
TTAGTAAGACAAG c




Tabela Suplementar 3.

CEPA KIC3

29

Unidade STR

N° de copias

Primer left

Primer

revers

Tamanho do

Amplicon

Amplicon

CTGAGCCATICTGAGCGTTCCTANTTTGAAAACCTCGGGANTATGACTATGTACAT

CTGAGCCATTCTGAGCG GTCGTCGTCGTCGTA ACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGAC
ACTACTACG 19 257 | tremacocTacTACOACTACTACOACTACTACACTACTACGACTACTACGACT
TTC GTAGT CTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACT
ACGACGACGACGACGACGACGACGTACTATTAT
FTGAGGCTAGGTACACAGCGCTARTCCTAGATTGGAGG ATGTAGAGTCCG
TCCCAGGCCGCCTAGAACAACAACAACAACAACAACTACTACTACTACTACTACTA
TAC 5 6 AGGAGGTGAGGCTAGGT TGTGTGTATGTGGTG 3 05 CTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTA
ACA GTGGT CTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTA
CTACTACTACTACTACTACTACTACTACTACTACGACTACCACCACCACCACATAC
ACACATACACAAACACACACAATT
COACACAAGCGCAGGAAATACGGAAAAACGACCACGTCTAGTGCCTTTOTCCCAG
CGACACAAGCGCAGGAA GGACAAACTGGACAA ACCGUTCACATGGCTTCTCCAGATTGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCC
TCCAGGTTG 16 248 | rcomerccacoToTceAsGTIICCAGGITOTCCAGOTIOTCCAGGTTGTCCAG
ATA CCTGG GTTGTCCAGATTGTCCAGGTIGTCCAGGTTGTCCAGGTTGTCCAGGTTGTCCAGTTT
GTCCAGTTTGTCCAGTTTGTTGG
AATAGTAGGCCCGTCGATGGARTARTTTTTATCTTATTTTCTATITTACACTGTGEC
TIGTAGTATATAGTGATGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA
GTA 42 AATAGTAGGCCCGTCGA TGGTTCATTCCCGAT 3 07 GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
TGG GGCTA AGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAATTAATTGTATGTTTGAGGGCAAGT
TGTTAGGAGCATATGAAACAGGATGTGTATTACCGTACTGAGTTAGCCATCGGGAA
TGAACCATTGGCTCTATCTTGGGTTG
TCTAGCCACATGTGATGCCATICAACACCAGGAAAAAGA TGGCCTGAGACARTATT
TCTAGCCACATGTGATG GGCGAGGGGTTAGTG GATCATAAATICTGCTGGGTTGACCCCAGTATTGGAATTCCATAGGGATTGTTGGT
GTA 36 263 | 1omacTamTATAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAG
CCA TATGA TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTATAT

TCATACACTAAC

AGAC

25

ACTCATATCCCTTGCGTG
CT

TTACTCCCGTTGTTCC
GTCA

287

ACTCATATCCCTTGCGTGCTTTGCTCCTGCAGTGTGTGTGTTGGGTATAAG
GCGAGAAGCAGCTGCACGAGTGCTGTAGTAGTCTAGTAGTCTATICGGGTATTTTA
AACAATTGTAGTGTCTAGACAGACAGACAGACAGACAGA
\CAGACAGACAGACAGACAGACAGACAGACAGACAGACAGACAGAC

GACAGACAGACAGACAGACAGACAGCTGACGGAACAACGGGAGTAACGCATCCG
CATICCATCAA

GT

49

AGAAGGAAAGGACGTA
CGGG

ACACTCACGACATCA
CCCTT

293

AGAAGGAAAGGACGTACGGGCTTTGCGCTTGCGGTAGAGGGAGGAGAAGGTTGCG
AGGGAGCCGAGGAGGACGCCGAGGTAGGCGAAGGGGACGGCGAGGGTGAGCCAG
TIGACCATTTTGGTTTTGTTATGCTICTATCTGGC TG TGGCGTGTGTGTGTGTGTGTG

TGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTG
GIGTGIGTGTGTGTGTGTGTGTGTCTGGTAAAGGGTGATGTCGTGAGTGTAGGTTT
GGGCGGGTGATGT

AGT

31

AACACAACTGGCACACA
CAC

CACCTAAAGCTCCCC
AGGAA

283

AACACAACTGGCACACACACGCACAGTAGTAGTAGTAGTAGTAGTAGTAGIAGTA

GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT

AGTAGTAATAGTAGTAGTAATAGTAGTAGTAATAGTAGGGTACTTATACACCGACC

CCCCCCCTGCTATAGGCGATAGGTAGGGTATGACTATATCTCTICATGTAAGE TCA

CTCACTGTAAACACTATTACTTTCCTGGGGAGC TITAGGTGCTCAAAGGAGATATG
AGGT

TGT

31

TTCCCCTATCGCTCATGC
AT

GACGACGACGACAAC
AACAA

220

TTCCCCTATCGCTCATGCATCATCTACGTAGTTGTCAACGTCATTGTTATCATICTC
ATCATCATCATIGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGTIGTTGTTGTIGTTG
TIGTIGTTGTTGTTGTTGTIGTTGTTGTTGTTGTIGTTGTTGTTGTTGTTGTTGTTGTT

AAAGTAGGG

10

AGGAAGAAAGGTGGGA

CGGACTTTCTTCCCC

271

GTTGTTGTTGTTGTTGTCGTCGTCGTCTTCTCCTIGTTTTTCTCCT
S TGAGAATAGC
AGAGAACAGCAGAATAGTATGAAGAACAGTAGGAAAAGTAGGGAAAGTAG

ACGG AGACT AGTAGGGAAAGTAGGGAAAGTAGGTGAATGTAGGTGAATGTATGGTAGAATGGGG
AGTTGTAGGAGAAGAAGTCTGGGGAAGAAAGTCCGOOGGCTCAAGGGCATTT
— — AR TG TCCCCTCCTACCTANTACAACTCCCATIIC T ICTITITCTRTTICTIGT
TTTTTCTTG 10 | TACATGTCCCCTCCCACE | CATCCTCATGTGGCA 233 | menemmenerenrTena e nGrTTeTIGrTTICT!
TA TGAGC GITTTICTIGITITIC TG TATITATTTATITATITATITATITTTATITIGITT
CCGCGACGAACGITAGCTCATGECACATOAGGATAGTAAA TCGEAGGGACTECC
TROGAGTTTGRGTCGCTATAGRGEE T T
GTAAAAAAGTAAMAMGTAAAAMGTAAAAAAGTAAAAMAGTAAAAMGTAAAA
AAAAAGTA 11 TTGGAGTTGTGGGTCGC GCTCGAGCGGCTATA 304 | ATTAMATTAMANGTAMAMATAMAMGTAAAAGTAAAAAGTA M
TAT GTGTA n v
TAAAAATAAAAGTATICTTT TAGGATTAAATCGTACACTA
TAGCCGCTCGAGCOAACTCTATCGCTCGCATA
TR TTTGOTACGOTGCTTCGCGGEAGGCGCTICTCRTICCCATGCGOGGTR
GATGATTTGGTGACGCT CGTCGAGACTGTCCG TTATGCAGAGTTGATTGATGATCTGCGACGAGAGCCAGATGAAGACCTCCATCACC
CCA 29 256 | ArccACCACACCACCACCACCACCACCACCACCACCACCACCACCACCACTACCA
GCT AGTAA CCACCACCACCACCACCACCACCACCACCACCACGCTCGCAGATCAAGGTTACTCG
GACAGTCTCGACGGCGGAGAGATCCATCGACT
AT AR TGO AT TCT TG ACGACGA GG TORCGCARTTGRGACGOOATAT
GGA 5g | ToTTSCECArTIGEAG CATCTCCGTATCCTG 306 OO O OANGECTIATGCGGAGEACTIGAOAGGEG TOAGGEA
TCG GTCCC
ATG AGCAGCAACAGGGTAGG
GACCAGGATACGGAGATGACTGATGCTGGGAGCACAA
RCTCCTIG TG TG T TGCTT TG ATARTGCA ARG TCAGTEAGTETATGCG
GAGCTCCTTTGTGGTGT GGAAACCACTCCATC CACACACACGCAGCACACAAACACACACACACACACACACACACACACACACACA
AC 40 234 | CacACACACACACACACACACACACACACACACACACACACACACATCCATITAC
GTG ATGGC CCACTTGGCTAGTCCCATGTCAATCCCCGCCATGATGGAGTGGTTTCCACCTGTCTG
rerecrer
ARG ARG O TR ACC T AGG TR GGG G AGGGTCARCATE
. ACGTTITGTATTATATCTACGCTICTACGCTTTGTATGTACATGAATAGCCTCCCTA
TAC D5 | GTGAACTCTTGGCAAGG | GAGTGTCGCAACTGG 310 | mrecemmmenceaccaomaasceacnaamaaoccoomamecas
GTG CTTAC GTATATGAATACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC
TACTACTACTACTACTACTACTACTACGATOGACTCACGGGCAACTGGTAAGCCAG
TTGCGACACTCATCTATATCTTTATATTAC
ECCTCGTCATCOTEA AR TETCCCARTGOAGCCTCTGATATGARACGOCRACTETE
ICCCCOCTTOTANTAGACACCGCCATOGATAACGCTICOCGAGAGTTCCCGCTETT
A 69 | CCCCTCGTICATCGTGAA | ATAGCAGTGTCATGG 310 | CCOTIOTo0AOATOETOCOACCOACCTATATATECAAMAMAR A AAAAA
ATC TGCCT c
CTCACTIATICTGATGACAGATATTAGA TCAGTATACTTAGCGAGGCAGGAACAG
ATGCAGGCACCATGACACTGCTATCTTGCGTGATICGCTICAA
RCATCTOCAGO TG TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
GTA 2p | CGOACATCTGCAGGTCGT | GATGTCAGTAAGGCC 186 | somomarcamanananomememananansomememanano
AGT GGCTA TAGTAGTAGTAGTAGTAGTATICATTAACCTGATATAGCCGOCCTTACTGACATCT
GeadaTCaTCCAGETCCT
TG TOA RGO TR CCCCaCA T ICTC T TRG A TGRTORTEGACTT
AATGTCGGCTGAAGGAT CACTCCACCACTCCA GAAAACCTTAAGAATATAGGACAGATATGGTTTGATGGGTCAGCTAATCATAACCC
AGTGATGG 8 238 | ranTTTIGOAGCTOTOTCTGAGAAAGTOCARGTGATGGAGTGATAGAGTGATAGA
CCA TCACT GTGATGGAGTGATGGAGTGATGGAGTGATGGAGTGATGGAGTGGTGGAGTGGTGG
AGTGGTGGATIGACA
T A ECCCTaACTOCTCCA T ICTARTICCA TCRCCTTICTRTCTTCATIC
CTCA 16 | TCTTTTCCCCCGACTCCT | TGATGGAGGAGGAG 216 | rercrrcrescescroncrescresciencreacresctencreacreactesct
TC GAGGAG CACTCACTATCATCATCATCATCACCATCTGCTGC TCCTCCTCCTCCTCCTCCTECT
CTCCTECTCCTCCTCCTCCATCACTCCTGCGTEGCGTCCTAC
TTGAGAGCCGRTCARN TR TGTCTTRTTTAGTACATCTAGACTRGAKTATGART
TAAAATAAA 7 | GCTGTGAGAGCCGATCA | GCTGAGAGTAGCCAG F1T | T T AT TATAATY ATATAAATAT
AAT TCTTAG TAATAAAATAAATAAATAAAATAAAATAAATAAAATTAATAAAATTATAT
TATATAATTTANTIATGTATCTCTGAATACTACTTTTTATTATATIATCTTICTTACT
AAGACTGGCTACTCTCAGCCAGANGAATATTATIATTCT
AGGAGAGARCACGACCCTRTEC TR TORGCCTR TG TTGAGCCTTACTGT
i . e . GAGCCGOTATGTOAGECTGAGCCTTTGTGTAGGCCTCCATATATGGAGCCTTCCTTT
GAGCCT 10 | CAAGOAGAGAACACGA ACGGTAAGGCTCCTC D7 | ACTECTHCAGECTOAGCCTOAGECTEAGECTOAGECTIAGECTGAGECTON
T ATACG GCCTOAGCCTOAGCCTGAACCTGCATATGAGCCAGTGTGTGAGCC TGAGCCTGAGE
CTOAGCCTOTOTATGAGCCGTOTGTGAGCCTCCGTA (CCTTACCATaAG
CCTGAGCCTOAGCCTG
AR AR AT AR TR TR T TR TR OO
ACACACACACACACACA CAAAGTACGGCCATG TCTCTCTCTCTCTCTCTCTCTGTTTCCAGCATGTGCTC TCTGGCCGG
CT 30 276 | somocricomensccocacoarTeaeCATCAGGTIGTEGACAGCOATETAGE
CAC ACAGG GGTGCAGCTGTGGCCAATGAACTCAGTGGGCCGAAAAAGAGAATGAATCTGGTGE

TTACAAGGGGGCCTGTCATGGCCGTACTTTGGTGGGCTACTATAACACTG
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GCCGAATTTCCTCGCTC TTCTACAGACGCCAA GCCGAATTTCCTCGCTCAATTCCAACAATAATATCTTTTTTTTTGTCTITACCCTTIC
CA 29 166 | crcacaccenccescacacacacacacacacacacacacacacacacacacacac
AAT AGGGT ACACACACACACACACCCTTTGGCGTCTGTAGAAGCTACGTICGGAGGGGCTC
G 29 ACGGACAGGTCTGAACG CGATCAACCATGTCA 150 ACGGACAGGTCTGAACGAATCGAGTGTGGTCATCAGCACGCAGAGAGAGAGAGAG
A e
AAT CCCAC AGGGTGGGTGACATGGTTGATCGGTGAATATCAAAATTAAAT
RGO GAAGTAGTRTCR G TATICCTIGRTRCARRACKRAGGAR
ACAT 14 | ATCCCAGGACTCCGTTG | TCTTCTCTTCATCCCT 220 T
AAG ccoG CACATACATACATACATACATACATACATACATACATACATACATACATACATACA
TATCCTAGCCGCTTOCO0GAGGGATGAAGAGAAGAAGOAATGARGATAATTGC
- RACACA AR ACACACTC T TCTCTCTC T T TCTOTCTETCTCTOTCTE
TC D8 | ACACACACACACACACA | GGCCCTGGCTGATCT 213 | eI
CAC GATTA TTCCTGGTATGOATGGTGAGACTGCTITTGGAGGAAATTTCTTICCTTGAGTGATA
TCAGATCAGCCAGGGCCCAATATGGANTAAACCAAT
CCCATCGAATTGAGCATOGCTACCOTGCACGACTAGA A TTGRTAGRATIGARTIC
GACGGTGATTICGAGACAAGCAGAGCCCGOAAGTAAGGGGCCCCCTAGAGTTATC
AGT 18 | CCCCATCGAATTGAGCA | GTAGGGCCATGTGGA D84 | THOTACGATGAMGTACACACANGIARCCAITTANGCAGEAGEAGAGTAGTA
GG GTCTT GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTCGAGATGGT
ATGTGCATICCGCCCOTGANGAAAGACTCCACATGGCCCTACGGATICTTTICCC
crroce
AR T T RCCC T GACCCTEGCARCCCTCGERRTECTC
TTGAGGCAGATGTGACC TCGGCCTGTTCTGGA AACCCTCGEAACCCTCGCAACCCTCGCGACCCAGGCCGACG
ACCCTCGCA 6 277 | conATATATOCOAGCACATCGTCTCTTOGEOTOACTIECCCAACTATTAG
CTT TATCC ;
TOATACCCAGATCGATGACGTTACGGATATCCAGAACAGGCCOATCTATITAG
GG TRAGGCC TR T AT TATTATIATIATIRTTATTATTATTTIATIATT
AGGAGGTGGAGGCCCTA GACTGTCCAAACGAA ATTATTATTATCCTTAGTATGAGAATACTCAGTATAGTATAGGGAAAGACAATGAT
TAT 18 266 TGGGTITGGGTITGGGTTTTACTTTTGTGTCTTTGATICTTGATGGGGTTGTTTCT
TTA CAGCA GTGAATAGGCTTGCCATTATGGGGGTAGTGCTGTATATGGAATCAGA TG TCAGTTT
GCTGTICGTTTGGACAGTCGATAGTAACATIATITATT
RO AR TGO T TR A T A TG AR RGO TOTaCTAATG
TTC 18 | CAGGOGCATACCAAATT | GTCATCGGCCGATCA 209 | cerscreomanarenaomacarcreeatacasocasooreT CTTTICTIC
GG TAGGA TICTICTICTIC TICTICIIC TICTICTICTICTTCTICTICTTCTICTTITATATCTC

CTATGATCGGCCGATGACAGGGTCGACGGGAACTTAC

AAAG

13

AAGAGGCGTGTGAGTGT

TTGGGATCACTTTCG

229

AGAAAGAAAGAAAG
TGAATGAATGAATGA
ATGGTATGCGATCGATCGCTACGTACAATACTTGTGCAATACCTACACACATGCAT

AAGAGGCGTGTGAGTGTGTACCAAGTGATTGAAGAAGA,

GTA CTTGC GOATGCATACAMACAGAGACTTTTTCTGCANGCGAMAGTGATCCCAAAACCAR
Teceacceace
A AR R AR CTACER TR
CAGGGATGGTAGGGTTA | GCTATCAGCACAACC CACCACCACCACCACTICCTECGOAGCTACAGTAGCTAGCTAACTAGCTITCTAG
CCA 17 246 | criaToceTC00AMGACAACGCAGACATGAC TTGGATICTGACGGATTGGGAC
Gee CCATG AGGGTCCGTGGCACTGCAGATGGTTGGGAGGTGATGATGATCATGGGGTTGTGCTG

ATAGCCCCTACCGTATGCCATTCA

CTC

GCAGAGGATGCGGTATT

TGGACAATCCGGGGA

145

GCAGAGGATGCGGTATTTGGGGTGTGGATIGGGATTAATGAGTATATICTICCTCC
TCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCTTCTTCATTCCC

TGG ATGAA CGGATTGTCCATATACGGGAGGGGGGTGTT
O CATCATAACCACTC A ACATCTICTTCCGCT TR AGAGTARARTICGGAG
AG 53 | cccarcetaacencre | ccaereacaanaca 297 AATAATCAGCATITTTGATG TOOTCKUGGUTICTAGTATAGAGAGA
GGA AACAT CACCCACGAAAAAAGACCCGTGGTACACTACCATGTGCGATCTCTCTTGEATGGAT
TATTATTACTAGGAGAGAGGACATAATGAGACATGTCATGTICGTTTCGATOAGCG
GTCAGCTGGTTACTATIAAG
AGCA TR TG TATORCAGATGTCCACCAGRGCCGET
A COTATGTATGG AT A GGAGATITAGTGCATCTCTAAACTAATCATCGTAACTGAACCAAAAAAAAAAAAA
TAA 15 | CCAGCACGTATGTATGG | CCACGGATGAGGTTT 292 T AT T T A
CAG ATGCG ATAATAATAATGAATTAATCAATTAAATTAAAAAATOAATAAATGGAAATAACCA
AAAGATTCTTAGCTTCCCGAGAATATCAAAGCTCGCATAAACCTCATCCGTAGACT
TATCCACCATAAGGTT
ARG ACTOATAGTACTAGCAGTACTOGTACTOGTARGTACTTAAARTA
s TAGTATIGAAGCTCTACTACTGAAAAGTAATACTCCGACTGTAGTAGTAGTAGTAG
GTA ] 5 TCGCAAAACGGCACTGA CTGACGTCAAGATGG 290 TAGTAGTAGTAGTAGTAGTAGTAGTAGTACTTGCGGCATAGTTAGTTGGTGTACTT
TAG ACAGC GCTTAGTTACAGCTCGGATATATAAA TTGACGGAAGATTGACTGATAGTTCCGTAG
CATTTGCAAATACCCATCCCAGACAGACTGTCCATC TTGACGTCAGGAAGTOATA
cetcanacat
A AT TG ACCTORCCaTCAGEAGTC TR AR AGAG T TTATCCTECGETATT
TAACCCGACTTGACCTG AACGCATGAAACGCT ACCGCCGCCATCTCCACCACCGCCGCCATCTCCCCCATGCCCACCACCATGECCGE
CCATGCCCA 5 257 | exrercccceatacccacetacceaceataccenceatacceaceatacceacea
ACC CATCA TGCCCACTGCCGTCAGCGCCTCCGGGGTTTGATATATTCCATAACTGATTTGATGA
GCGTITCATGCGTICTICGATAGATCCTCGAG
TACGACAAGGATAGTOOTOOTORS TCGAGTRGACCGRCGARGTACK
TGCACGACAAGGATAGT TCAGCAGCATCAACA CGAGGACGAGCGGAGTCGGCGACGCCGCACGTTATGCGAGTATTACGTTTGGCAT
TGCTGTTGA 5 225 | AooATCTOTGOATAGGCCGCGANCTAGACGATEGGACTTGTGCTGTTGATACTG
GGT GCATC TIGATGCTGTTGATGCTGTTGATGCTGTTGATGCTGCTGATGCTGATGATIGTGTAT
a
TGG 15 | ATAATGGTGGTGGTGGT | AAAATGGGGGACTGT 176 | socosmmereasaramcascarreerrerccemanceatrecaamacea
GGT CTGGT TACTICCTOCTACCTICTGTGTCTACCAGACAGTCCCCCATITTACTTICGCTGCAG
AGeATT
TTGGCTGGGAATGAGGG CTGGTTCTTCCCGGT AAGTCAAGTGCCTGGAGGATATATTTCAAGGTTTCTTTAAGTAGAAACTCGCCCAG
GATA 11 279 | rermaseaccrsanaeateceaceteatar TATGCATIGATGGAT
AAT GAGAT GCACCAAGCATGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGAT
GATTAGATIAGATTACAATCTCACCGGGAAGAACCAGGAATIATICCTCCAGTTCA
GAGGTTCTIGCTGCACACGAGGTGTATCCGTAGCTGAGTCACAGETGCATECGCG
CCT 14 AGGGGTATGTTGCTGAA GTTTGTAGAGAGGCT 289 CCTGCAGCCGCAGCCTCATCCACACCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCT
GeT GGGGT CTCCTCCTOCACCACCTICTICTCATCCTCCTGCTCATCCACCCCAAACTECCCTEC
GAAATCCTCCCCCTCCACCCCACCCCAGCCTCTCTACAACCCCCCACCACTECCT
cata
CCTACATTGARTCGCCTOACCCTRTCTTICACTOTIECTCCTCCTCCTCCTCTTEE
CCCTCACATTGAATCGC TACCTGACTGTTAGT TCCTCCTCCTCCTCCTCCTCCACCAGCAGCCCGCATCATCTAGC TICTAAATACTCA
TCC 14 240 | CracATANTCANGTCCTICOATATITCATEAGTGA T AR TEGTARCCATACCCA
CTG GCCGG GGTCTGGGAAGACTICAGCTACAAGGGCTCCGGCACTAACAGTCAGGTAAGTAC
CacceTATATIGTA
T TGOCC T TTAGTORCTCRGCARGAGTGCCTTAGRTGTGOTATRTTTGAGTAT
AAT 13 | TGTTCTGGCCGITAGIG | GACCGCGCATTAGTA 261 | M
TCAAGTATACCCAACAGAAGATCTATCACGTTGAMCTGGCACAATACTCATACCT
ACT TTCGG AAAGTAGCTACGAGTTTTATGATAACAATCACTAACTGGTGATATATTCATCCCCC
GAATACTAATGCGCGGTCTACATGGCCCTCTATIAT
TR TR AGACTCGa ARG ACGACT TG ACGAGAGTCCTGGTCAT?
GAG 13 | ATGCGTCTCCAGGTCAA GAATCGAGCTCCTCC 183 | CoMOETOACAGATANCCANCAGAATOATECATEATTAGACGACOACTACGACGA
AGA TCCTC coAcoAC TeATIC
CTAGAAGCGTATGCOCTTG
A ACACACACTICARGCGCTIAACGACAACA TG TITGGTCRTGRTTAGETG
TATOGTGTOATGGTGTAITAGTGGTAGTAATGTCATITACCCTACCCCTCG
GGT 12 | AGGOGAACACCACACTT | TAGTCGCGGAGAAAG 285 | comacormocrsemersemenmicreracecroarorcreTiane
CAA GGATC ATCGTCCCATTICTTAGAGGCGAACTICCTCGCCTAGGGOCCTATGTIGGCCATICG
CCTACAGTITTOTCCTTGEGOATECCTTTCTCCGCGACTACGAGACCTICGGGATAC
™
TR TACA O ToR AR TGO AGCGTT TCCATGACTCRCGAARR
TTCCTGCTTACATCGCCT CGGTTTGGTTTTCGG TTICCGTCGGTTTCTATCTCCCTTAACACGTCAACAACAACACCTCCACCACTCTTTC
GA AGTGT GATTACTIACGCACGCACGCACGCACGCACGCACGCACGCACGCACGCGACCACC
CACAATGOCACACTCCGAAAACCAACCGACGACCTCACCTCTAGEGA
TG O TAGG T TAGT T TG TG TAGG TG TAGGTGTRGS
GAAGTTGGAGCTGTTGT ACATGCGAGGTGAAG TTTCTATTGTAGACAGTATGGTACAGTAGGTACAGAAGTATAGTATCGTATCATTG
GGG AGGAA CCCGCAGACTCTCCCACTCCTCACCTICCTCTICACCTCGCATGTAGATATCCTTGA
ancecea
R OCCGAAGTGCG AT ARG OGCaaCTaTRGTGCTGOACE
e - - . GCCCCGTGACATACAACATACAACATACAACATACAACATACAACATACCAGGAA
ACATACA 5 | CAGAGTAGAGGGAGCCG | GGCAACGGCTCAAGA 278 | cormusarceataccasmmeccacTamaeca T TIRMATETECATITCC
AAG TACAG GGCGOCAGTOCGCTCCACAGTOAACATCGATCCGCTTGETGCGGCGAGATIGCTE
CATCGCGOTAGTGTTCGTCTGTATC TTGAGCCGTTGCCCCAGICCGGOCTICCACG
¢
R T A TG oo G AGA GO A GCTTCaToT
ACC 1] | CCCOGCAGAATATCGIC | ATGTGGTGGATGTGG 189 | memmeremmomemamenocTomscrascTamTasacacTa
TeT TGGAT CTACCACCACCACCACCACCACCACCACCACCACCACATECACCACATCCACCACA

TCCACGCCGCTGCCGLCACE
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AT TAG G TCCARGER TCGACTETGAGTACGCGRCCGTCGARGRTGAT
GACATGCTIGECTICTGARATCAGGCCCTCAATATACC TICGGOACAAAGTGGTGT
G 32 CGGGATGGTAGGGAATC ATCTTCCCCCGACTA 3 17 CCTTCCGGGCCGCGGAGGTAGAAGGAGCGGTGACCATGGTACAGTGCAACAGGTA
CAA GGTCT CCAGTGTAATTICCAACCAGGGTATCGGGGAAGGGGGGGGGGG6666G00GGG
roac TCAGCCCAAGGOGGCATCATATAGT
GCAAAGACCTAGTCOGGGGAGATTAGAAGIGTAGTGGARTGA
RCATOATOACAGCGUTTTAAGAGTATTTATCCCAACTTTTGCATCTAGTGARGE
TTTC g | GACATGATGACGAGCGC | TCGCTAGTTCGATGA 212 | emosmssomercrermormermemermermerermernermer
T Greec T TP T T HGOCC T TGAGAGAG GG
GACTCATCGAACTAGCGAGGACCCGGGGAG6GG00GG

GG TTTTGCCATOG TOTTAGAGTCGTTOACG FOGTO0TTS
GTGGATTTTGCCATGGT TCCGAACTCCTCTAC ATGGTTTGGATGTAGTCGTTTTGGGAGAGTTGGGTGTAGTCGATIGTTTTGTTGTIG
TTG 10 271 | Trormorarm IO o oGO TGOGATOAGGAN T TTGATGAGAGGGGAGGA
GGT CTCCA GGTEGCGGCGCGGCCGACGTCCATGAGAAGGACGGAGATGGAGGGGTTAGAGGTT

AGTTGGGATGGAGOTAGAGGAGTTCGGACCATTTTGTGTCGCAGGTG:

RCCCCCTT TG ARGATCTAGTTTACGATCCTTAGRTCTITCCGTTGRGGAG
TCCCCCTTTTGGCAAGAT CGGACCCGTGACTCT CTATTTACAGTGCATATATGCAACACATGACATATACTITATAGACAGAGGCGGGG
CTGCC 6 260 | rererrercrscectaccersecctaccerseceraccersereractTaTeTar
CcT ATGAG CTTGTTCAGACTTGCGTTTGCTICTITICTATACTACACTCTACTCTCCACTCATAGA

GTCACGOGTCCGOCTCCTAATTTTTATTA
— - RGGTTCAACGOCCATCANTCATAGA TG AR GAGGGAGGGGARGEAGAGOCTTTG
GAC 10 | CAGOTTTCAACGGCCAT | TTCTCTCCTCTTGCTC 207 | Nenmmene -
CAA TGGC AAAMAAAAAAAAAAGACGACGACGACGACGACGACGACGACGACGGCGAAGCG
CANTGCGCCAGAGCAAGAGGAGAGAATGGCAGIGAAATGAAATGA

SATCTCCCACTATTGCTGCTGCTACTOCTACTCTACTOCTACTGCTACTACTACT
CTGCTA 5 | GCATCTCCCACTATIGCT | ACCACGAGAGATGCT 187 | AcarceacicasccceamamamaatoasersiereaciaseaTacTIcaGe
&C TGGTT ATCAAGACATAGTGCTOAAGTATAACGTGATCTAAAACCAAGCATCTCTCGTGGTT

TGTTCATACGTAATATAC

Tabela Suplementar 4.

CEPA KYF3

Unidade STR

N° de cépias

Primer left

Tamanho do

Amplicon

Amplicon

TAG

63

AAGGGTGGGAGAGGTCT

GCCACTGTTGTTGGG

304

TCTCTIGTAGTAGTIGATICTGTTCTITCATGAAGACTTTCATT
TCTATAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
AGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA

oTT TTCAA GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
AGTAGTAGTAGTAGTAGTAGTAGTAGTTACGTTICTICTCGTIGAACCCAACAACA
GTGGCCGEATICCATACACACACA
SRR AR CTOGACARCC TGO ACARCCTOACARCCTGACARCCTGACAACETS
L L e GACAACCTGGACAACCTGGACAACCTGGACAACCTGGACAACCTAGACAACCTGG
ACAACCTGG 17 | CGOACAAACTGGACAACC | ATGGCCCGAAGTACC D07 | AT TOACAACCTGACAACCTGGACAACCTGOACAACC GG
GG TAGTG GACAGCCATGTOACCGTCTGGGACAAAGGCACTAGACGTGGTCGTTTTICCGTAT
TTCCTGCGCTTGTOTCGAAGTTGTGGCGGTCTATAGCACTAGGTACTICGGGCCA
TATGTTICAAATGTGCCAT
RCGTIGGCGRTICT TCTTGGAGARTOGATAT
) . GCCGATTAGGAAACTGTATTGTTGACTGGCAACGGTATGCTGAGCTCATAACTTCA
AGT 36 | ACOTTGGCGATICTAAG | ACAGTGATCCCAGAG 317 IGTAATGATIGGAGCC TAGTAGTAGTAGTAGTAG
GGA CGAAT TAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA
GTAGTAGTAGTAGTAGTAGTAGTAGTAGATCCCCGTTTTGTATIATIATCTAGTATA
TTCGCTCTGGGATCACTGTATAACAGCCTGTATATGAT
A CTCC TR CTAGCCOATOC G GO AGTOATTAGAC A TGGATOARTGRRCS
GACTCCTACCTAGCCGA CAATGCAGACAGCCA AAGCCGCGAAGTGATATGATGCGGTTTCGCAACATGTATTATITTACTACTACTAC
TAC 35 242 | 1aCTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC
TGG GCTAG TACTACTACTACTACTACTACTACTACTACTACTACTAGCTGGCTGTCTGCATTGGA
ceaaeTaeTCCCTAM
R RCGCTICTAGGGA TE TR CTCTCCTCCTCCTOCTOCTOCTOCTE T TECTEeT
ACACGCTTCTAGGGATC AAGCGTCTCCAGGTC CCTCCTCCTCCTCCTCCTCCTCETCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCC
CTC 33 243 | reomame IO TATOATGANTCATICTTITAOATATE TG TEAGE TIGETAGEA
GAG AAAGA CCAGGACTCTCGTCCAATICGTCTICCGAGTCTTTGACCTGGAGACGCTTCCATGCA
ACGGAGTCATIG
T OAGGCAG A TG AT TTCGACCOTCGEA R CTOGCARCCTTCGERRETCTE
GCAACCCTCGCAACCCTCGEAACCCTCGCAACCCTCGCACCCTCGCAACCETCGE
ACCCTCGCA 9 TTGAGGCAGATGTGACC TCGGCCTGTTCTGGA 304 | saccerssccarcacascearceerdaateatsataceamacacaeaicrer
CTT TATCC GGCGTGACTICCCCAACTATTAGGAAACCTGGGGGAGTICGACCCACCLTE
CTTTCCCTCTCGCCCACTETCCCCTICTGATACCCAGATCGATGACGTTACGGATAT
CCAGAACAGGCCGATCTATITAG
TGGGGGCATCCAGTCTTARTARGARAGATAATATAATAATARGERGRATTCAAR
TTATTTTAT 9 CTGGGGGCATCCAGTCT | ATGTCTTCTTTAGCGC 204 | commmmeosmarmarmarar AT TTITATTTATTTIA
TAA GTCT TTATTITATITATTITATTTATTTTATITATITTATICCATATICTAATATAGACGCGE
TAAGAAGACATATITAATCGGETCTCACAC
RO TG ARG TG ACA KA TCC TG TICCTAGOCGCGRAGERCTG
CCACGOGOAAGTCGTCCGACTACTICTCGCCGAGCCTCTGGCGACACCCCGG
GTA 26 | COACGTICTICTGIGAACG | GATGTCAGTAAGGCC 318 | mmercmcertamaccacmasicamenceacacataacaocacom
TTC GGCTA AGCGGOACATCTGCAGGTCGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTA
GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTATICATTAACCTGAT
ATAGCCGGCCTTACTGACATCTGCAGGTCGTCCAGCTCCT
TOCCG T TGEC A TCTACAACTACTAC TG TGCC TGO ATCCGEGEATACGTAT
FGICAN T PP T P PO SO O
T 76 | ATCCCGTTITGCCGATCT | GAAGATTACGTCTCG 309 | mrmmTITIAC Ao TaaTTeTTTTITCCCCTAR
AC cTGCeC TATCTITATAGATCCATTIGATGCTIA TCGC TICCATIGTGTGTTIC TICTICTCTCT
TTTCTTTCATCCCAGCOATGETAAACTICTGTGGCAGCGAGACGTAATCTICAGET
reGeTGeATeGECTe
O CaCGECRGTAARTAACTTACTITAGCTRTIATOATAGTAAGTARGRTATRACTG
GGGTTAAAGTTATCCGGGATCAATGAACTGATAGTATCTTATCTACTACTTATIGTC
CTA 05 | CCCOCGCCAGTAAATAA | CCAAACACACACCCC 312 | swmeancenmeenenemencnencieneiemeneicic
CTT AACTT ACTACTACTACTACTACTACTACTACTACTACTACGATAGTATCGTTTCACATGGAA
GATICTTGGTITTTICTATANTTGTITIA TAATIGTTICAGGTAGTAAGTIGGGGTGT
GTGTITGGTCTGGGTAGCTITTATGT
RGCGTACTOCA GGG TR TA TR TCGACAGGGG A TTTGGGAG R TTTAGGTCRGEG
TGAACTAGGATATATCCCGTGTGGACTAGACTCTTGCTITICACTCGICAGTCATCC
CAT 25 | TCAGCGTAACTGCAGTG | ATCTTGGCACGTTCA DO() | COMPACATECTCTICTICTTGIGTGACTEACACGACATEATEATCATEATEATE
GTA ACGAC ATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATCATE
AATATCATGTTAGCTCTGCCAGCCGTCTTGAACGTGCCAAGATCCCCCAGEAAT
Accatre
GCAGAGGATGCGGTATT TGGACAATCCGGGGA GCAGAGGATGCGGTATTTGGGGTGTGGATTGGGATTAATGAGTATATTCTICCTCC
CTC 24 166 | recreercercercercercerecteercercercetcercerceteercerceteete
TGG ATGAA CTCCTCCTCTICTTCATICCCCGGATTGTCCATATACGGGAGGGGGGTGTT
TCGARACTRGARTCTATAGGGATGTATTTGGTRTTGRTACT
e . o . GTGTETGCOTTGTGTGTGTGTGTGTOTGTOTTGTGTGTG
GT 35 | OCUAGGGGAGGAAAGTC | CGCAGAATAGAACAC 313 | wwwmmememseTTTcBaTcIscceTGemATIMGCoATA
GAAA CAGGC TGCAGGATCTCCCTATITACCTCTECCGATAAATTCCTTATATACATIATACCATTA
CTTTICTOACGGATITOAGCCTRTCAAGICCTATG TTGGCCTAGTTGECTAGTGT
TCTATICTGCGCGCGGCTICGAACCTETG
AT TR TG AR ARG TG TAGTCCARTCTGAGCTGCGAGTTRTOATGARCR
CCGCATCCTCATGAACC AATGTGGCATACTGG CGCAAAGTCCGCTCAAGCTTCTGTTAGTTTCTCCTGGCTTATGGCTGAAGAAATACT
T 70 268 | oamcamomtcsoascecerrrrrrrTmrIITITTIITIITTIIT T
AAG CTTGC TTTTT T I I ITITTTITTTTGGACCTCAAGAAAGAATACTACACTGCA
AGCCAGTATGCCACATITGGACGACAACAGACCATA
T TGCAGCGATCGAGGAGGCGAAACAGGT T TG TTGCACTC
GACGTICAGCGTCTICTCGCGOCTATCTCTCTTCCTECTCACGACGTICTGCCTETTC
CTC D3 | GAGAGAGAATTGTGGCA | AACAATTGCCTACGA 318 | rwacemererercerecreacascaeraccreereacacerererce
GG CGTCG TOCTCCTECTECTECTECTCCTCCTCCTCCTCCTCCTECTECTECTCCTCCTECTECTE
CTCCTCACG6CGCTCTOCCGETICTCACAGCCTITATIGTICTICAACCCGACGTCG
TAGGCAATIGTTTCCTCCATCCCTICGAAAG
A CCTaCA AR TOGCTECACGAGGGGTERGCGTATGARTAAACRACARCARCT
GATACCTGCAAATCGCT TAGTTCGGCACAGTC ACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACT
TAC 23 235 | ACTACTACTACTAMTITOOTITCOTAGTCTAGGTCCTACTITACG TGACGCACAAT
CcCcG ACTGT CGTGCCCTGAATGCAACGAATATGACCACAGTGACTGTGCCGAACTATTATGTACA

TTAAGTATTG
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AGTTCACTGGATGGGGACTG
GACCTTGCCTACTGGCACATACTGACCGTTTCCCAACACACACACACTCACTCACT

CTACACGAATAATTATCAGCTICCTGTCCTACAT

CT 34 AGTTCACTGGATGGGGA | GCCTCTTTTGTGCCAT 305 | crercscscrcrcracaccrcacncacacaeacrercreceeeeerere
TG AGGG TCTCTCTCTCTCTCTC T ICTCTCTCTC ICTCTCTCTCTC T ICTGTGARAGCATATG
ATAACGAAGTCTCCCCCACCTCCGAAACGOGCGATCTTACCCTATGACACAARAGA
GGCTAGCATATGCATCATAAGG

A TOAAGATACGTaCTOC IO TACTACTACTACTACTACTACTACTACTACTOCTAC

ATTGAAGATGCGTGCTG CTTCCAAATTCTGAC TACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTACTAC

CTA 21 264 | raATIOGCOTATACATCAGCCTOAATOATOCTATTGCATATCTOATATEGTTG
CTG GGCGT CCTGGATITGTGAGCATATGGCTATTATTTTACTICAAATAGTCTAGGAGAATTTAC

GCCGTCAGAATTTGGAAGTTACATGGTATATATCAAG

CACATACTOCATOGARGTTTGTCTGRGEATRTACCTRTCRGRTARRGTACGS

e

T 62 | CGUCGACATACTGCATGG | TACCGCTCACAGCAG 318 | e Tecaacem o TmsTAcAcA B amATAC
AAG AAGAA CTATGATAGTATAAGAATCTAAGCCTTTCTTAGACGGAATATATITCAACTATAA

ATAACCAAAATACAGTTATATCAGTGATTTICTAGTATCTGTGTTCCGTTICTICTG

CTGTGAGCGTAACCACGOGTITATATAGGC

TGO AGA T TTOAGTCATOCATIGOAGGECCGCaEAGTATRACGAAGTGT

N

T 59 | TCTTGGCGAGATCGTTG | TCAACCGGGTTGACT 301 | crrmermmmmmIIT T TSI
AGT CCAAA TTTTITIGTGCTCAGATATCTATICCICTANTGICATICCTICTAAATAATAGTTT

GGATATGGATCTICCTATTCTTGAAA TTTGGAGTCAACCCGOTTGAAAACAAGT

Tectersere
RO TA T AR TGO CTA A e A TG AR RGO TOaaCTAATG
TTC 19 | CAGGOGCATACCAAATT | GTCATCGGCCGATCA 209 | cersersmaratessiaconctecatieasseatasaaeT e e TIC
GG TAGGA FICTICTICTICTIC TICTICTIC TICTIC TICTICTIC TICTICTC TICTTATATCTC
CTATOATCGGCCGATOACAGAGTCGACGGGAACTTAC

AR RCGTCCTTTCTGOAGTATC TG TCR TR TCARCAACAACARCAACRACARC

AACAACAACAACAACAACAACAACAACAAACAGCTICTCTAAGAACAATCTTCTC
ACA 16 | ACAACGTCCTTGTCTGG CATCGCAGGCCTTGA D84 | THICTATCAMICTICCAGACTATETCGCTITTEMATEATICANAATECANTT

AGT TTTGG CACTOCTACCATCCTOCTGCTCOCCACCGLCATCACCGACACCATIOECGCTECE

GCOCTCTCGAGCAGAGAGATAACTCCATCCAAATCAAGOCCTACGATGGACAGAA

crroo
oA TR AGTRGCC T TR TGAGICA A RGO AGGAGRCA KTGRCART
TCCGACGATCTGACAGT TGCTCTACTCCTCCTC GACAATGACAATGACAATGACAATGACAATGACAATGACAACGGGAGAATAAGG
GACAAT 8 237 | AraoATcArCAGGAGAGHOAGIOAAACOITCAAGTAAGIOACOGCAAGOGGAR
AGC CCTT CAAGAGATAGG ™
CACGGGATCATATCATGATGG
R GCAGTGGTTAACGA T TGOACTCCTC O GG ACTAGCTEACTEAGEARGE
ATTC 12 | CCTCGCAGIGGITAACG | CGCAAAGCCCGAGGA 181 | swersmmscocnomienaceasceacanareamresicatieatre
ATG ATAAA ATTCATTCATICATICATICATICATICATITATICCTCGGGCTTTGCGCGGCCAAA
GACTGCATGTA
AR TO TR ARG ACATOTTACGAGTTAG TG TATITO0AG
TAGATIGTATGAATTGCTTAGTGAGTGGTAATTAGTTTAGCTTGOATAGCTCCCATE
TTG 15 | ACAAGCGAGAGAATGTG | GAACAACCACCACCA 285 | scmmanamercsnemaeTeno oG TIGTIGTIGTIGTIGTT
GGA ACCAA TG TTGTTGTTGTITACTATGTACTACTAAAACTGGGTTGTTTTACTGTTGTCGTA
GGTOTTATAATITGGTTGGTTIGGTTGATGGTGGTTGTICTGGCAGTCAGTITIGAG
G
R ARG GCGCTACCaaCGTRCCTARTITARTICGRTARTTTACTACATAR
e . o GATGAATATTTITATTITTATTTTTATITITTIGTTGTGTIGTTGTTGTTGTIGTIGT
TGT 14 | CAAGAAACAGAGGCGCT | TCAGACCCTTGGCGA 291 | mmemememocomamamactonaoromacacecace
ACC TTGAT GATATGAAGTATCTGANTGAATIGCATCTCTTATICTTICATCTGCACCGTAACAG
TATTGAGATGATTACATCCCTACATCAATCGCCAAGGGTCTGATAATATIGAACAG
TGATAT

AR CCCCaCTE O CTICCCTO T TCATTCT AT ITACCTOGTCTaCTICS

TCAACCCCGCTCTCTTTC AGGACCGACGCTTAA ATCGCCTIGTGATCAATCACTGTCAGAGATATTTCTTATCAC) GAGACTCT
CTG 14 281 | cammoroacrmsTascmscTIOTeTGTIGGACTOCaGGCTTEAGEACTITC:
T CAGAA TCCTACTACTACTACTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTG

TACTICCTTAGTACCTICTGTTAAGCGTCGGTCCTAAGTAGTAGTGTCCGGTCA

AGCCGGGA

GCGTCTCGAGAAGGAGA

AAGACCTCCGTAACC

295

GCGTCTC GATCAAGGGCGTTCGCAAGATCGATCCCGCCCGGOTG
CAATGGAAACCGCCCGTCTICACTGCGTCGTCCCGTACCTGGAATTGGTAGGGTTG
CTTAACTGATGCGGTTATATTCTATGCAGCAAAGTATGGGACGGGAGCCGGGAAG

AGA AGCAA CCOOAAGCCOGANGCCGIGAAGOCGAGAAGATIGATIGATACCCTCATITGGA
TCGGTOATGTANTGTATOTTTCTATGTATGC TTGTTGC TG TTACGOAGATCTTGT
TrrcermTTaTTT

R TR AR TORTIEARG ARG AR ARG AGRGAG
AAGAGGCGTGTGAGTGT | TTGGGATCACTTTCG GAMGAAAGARAGAMGAATGANTGA
AGAA 10 241 | A roAATGANTGANTGGTATOCGATCOATCGCTACGTACAATACTIGTGCARTACCT
GTA CTTGC ACACACATGCATGCATGCATGCAAACAGAGACTTTTTCTGCAAGCGAAAGTGATCC

CAAAACCAANTCCCACCCACE
AR TR TR AR GRS AT GRS RCRRTCTARR
GCA 10 | TTCGGAACCTGCTTCAA | GGTAGGGTGGAGAG 187 | croomemcrmesctromeamecamaccensemascsaccteansaere
TGO GGAGTA GCGAGOACATOTCTCACAGE TG TTGACTIGAGATTTTACTCCCTCTCCACCETACC

ACTGCCGACCAGATAGGTC

Tabela Suplementar 5.

CEPA CCTCC 206047

Unidade STR

N° de copias

Primer left

Primer

revers

Tamanho do

Amplicon

Amplicon

CTGAGCCATTCTGAGCGTTCCTAATTTGAAAACCTCGGGAATATGACTATGTACAT
ACTACTACGACTACTACGACTACTACGACTACTATGACTACTACGACTACTACGAC

GACTACTAC 19 | CTOAGCCATICTGAGCG GTCGTCGTCGTCGTA D03 | HCTCACTACTACACTACTACGATACTACGACTACTACGACTACTACEACTA
TTC GTAGT CTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACT
ACGACTACTACGACTACTACGACTACTACGACTACTACGACGACGACGACGACGA
CGACGTACTATIAT
TR A TRC TG TCTACCE TG TR TCTAC IR TACTACTCCGTTATART
GCGATAAACATGGCTCG AGGGAGGAGAGTCTG CGTAATCTCCCCGTCGTCCTATCCTATCCTATCCTATCCTATCCTATCCTATCCTATC
TCCTA 24 284 | crarcemmccmicemicemcen et eetsteenateeratcea
GTT GATGT TCCTATCCTATCCTATCCTATACTCTCCAACTGAAAAGAAAGACTCTGCACATACA
CCANTAAGACATACATACATCCAGACTCTCCTCCCTIGACTICCCTTGOTTAAC
AT RGO ARG TCACTO TG TR TR TRGCA T AGGGCACORTIGTOTGT
TAG 36 TAGTTCGGCACAGTCAC GATACCTGCAAATCG 271 CACGTAAAGTAGGACCTAGACTACGAAACCAAATTTAGTAGTAGTAGTAGTAGTA
GTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGT
TGT CTCCG AGTAGTAGTAGTAGTAGTAGTAGTAGTAGTAGTTGTTGTTGTTTATICATACGCTG:
ACCCCTCGTCGOAGCGATITACAGGTATCCAATATATAGCTATCTCTA
A CACCCOATCGACAACGGCTATATAG GG TOAAGCAGR TARGTGAGCAGAT
GCANCCATAATG GAAAAGAAAAG
AAAAG 9() | GTACACCCGATCGACAA | GTTGTTCGGITGCGG 308 .
ACG TACTT AGAAAAGACATGCATIGATCTAGCGACTITATICANTCATGTGICCCATITICGC
GATCTAGTTOTACCCAAGAAGTTAGCACCCCTGCCAGAACAACATTACAAAAG
TACCGCAACCGAACAACCGAGGCGGAGTGGARAAA
ARG TCARGOTOCTaCAGOARRGRGGCCATCTGORCACGTGGGGCTTGTTGTTGT
e —
TGT 33 | TAAGTCAAGGTGCTGCA | ACAGTTCGGCCACAA 30Q | momomomenemeTGTaTeTsCcTamAoATecTTOTOAGTACCA
GGA TGTTC TOOTTATCATGOGGTAAATACGCTCCAACCGARTGACCAGCAGAGTGGTTGAAGG
CTTCTGATAACTCGGTOAGGGAGTTTGTAGTIGACATIGTGGCCGAACTGTTGT
AGGAGGTATTOCGACG
TR GTCTGG TGO TCGa TG TG TGS T TCOCTCGCTCCACACACGA
CAGTAGTCTGGTTGGTC GCCGAGGATGTCACA ATTAGTACTGTGGATTATGCTACGCACAGATACAGAATGGATITCGGTAGTTGGTA
TG 49 Y A I S —————
GGT TTCAC TG TGTGTGTG TG TG TG TG TGTGTGTGTGTGTGTGTGTGTG
ATGTOACATCCTCGGCTCGGTTGACACATTTCCCT
ARG TCaCTaCTR TG TGO TTATTTGOA TAGGG TG TATGTATGRGTAGG
TOGAAGAGGGOGGTTACTACTACTACTACTACTACTACTACTACTACTACTACTAC
TAC 3() | ATOACAGTCGGCTGCTA CATAAGGCAATCACA D8] | AT TATATACTACTACTACTACTACTACTACTACTACTAGAGTTGG
GIT coces ATTGAGAAGGAGGTCCTTAGTATIGAATGTATCAATATACTACTIGTTGGTAAGTC

TAAATTGAATTCATATTGCAGTTACGGGGTGTGATTGCCTTATGTACTGACTTTTGT
TGCAAT
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A TACC AR TICGaGA G TR TCCA TG AR TR GGG TRACE
CAGGGGCATACCAAATT GTCATCGGCCGATCA CCAGCTCGTAGAGTCTGGTGCGACTCCATGCAGGCATGGGATTCTTTTCTTTCTTCT
TTC 29 G 1 T e —————————
CGG TAGGA CTTCTTCTICTTCTICTICTTATATCTCCTATGATCGGCCGATGACAGGGTCGACGG
aArCTTAC
AT TR T AGCTECTOC T T CTOCTOCTOCTCTTT
CTC 07 | ACACGCTTCTAGGGATC | AAGCGTCTCCAGGTC 225 | cerercrereercerercerccrecrercerecrecrarraroenaa
GAG AAAGA TGATGAATCATICTITTGOATATC TG TCAGE TTGCTAGGACCAGGACTCTCGTCCAA
TCGTCTICCGAGTCTTTOACCTGGAGACGCTICCATGEAACGAGTCATIG
AR TCA GG TR TGGAACATTCCT O aCaCTAGCAGG ARG TGT
TCAAACAAAAGCTTGAAMATGCAACATAGACTICTCAATGCCTC
AC 38 GGACAATGGCAGCAGTA CGTATGCCACTCATT 309 CAATCATAATACACACACACAC c CACACACACAC CACAC.
GG CGCAA CACACACACACACACACACACACACACACACAAAATICATTAACGCCCGGCTEAG
CCGAAGGGTATGTCACAGATCCATITAACACACTTTCTAATGGACTITATIGEGA
ATOAGTGGCATACGCATTGAAACGGTGAATTAC
TR T TG CCACEACTCTATTGGATTTTTCCCCTGRTTCCCTTTATICTTGTT
TTCTGATTCTGCCCACCA CAGAAGCTGCAACAA GTCGTTTGTGTCTCATTATTATTATTATIATIATTATIATIATTATIATTATTATTATT
ATT 25 266 | ATATIATIATIATIATIATIATTATIATTATCATCATCGTCATCATCATIATTATTA
CcT GAGCA TTTTTTITICTICTICTICTITTTTCTTTCTCTCTCATICCTTTTGTTCTCTGCTCTTG
FTGCAGCTICTOTICGGCGTITCTTACAAGA
T AGAGOTCCCGAGATCCGTRGCCCGAGCAGAGGARCTGTTATICARCCG
GTTGACTCCAAAATITCAAGAATAGGAAGATCCATATCCAAACTATTATTTTAGAA
GA 9] | GATceacacaTeecaag | TeTraGegaGaTCGT 314 | Gt
ATC TGAGT g IAAMAAGGAGAAGGAG
AGAGAGAGAGAATATGGACGTACACTICGTTATACTGCGGCGGGCCTCCANTGCA
TGACTCAACGATCTCGOCAAGATATCTACCCAGAATTTGET
TGO AGG T TAGGTITTAGGTTITAGGTTTAGGTTTTAGS
- . AT GTTTTAGGTITITAGGTTTTAGGTITIAGGTTTTAGGTTITAGGTTTTAGGGTTTTA
GTTTTAG 6 AGGGGTTTTTGGITITAG | TTCTGCATGATAGGT 304 | cormcermaeracemacarTAGGTTAGGTTTAGGTTTAGGTTT
GTTIT TAGCACC TAGGTITAGGTTTTAGGTTTTAGGTITAGGTTITAGGTTTTAGGTTTTAGGTTITAG
GGTTTTAGGTTAGGTTTAGGTTTTAGGTITAGGTITAGGTGCTAACCTATCATOCAG
AACTATGCTTAACCTT
TACTE TR TTOCGaCOe TG TG aaCGaC R TARTATO GG TIGGTGRTCCTGRCT
GTTACTCTATTGCGGCG CTCTTTCCCCGATCCT TGAGACAATACCAATTATTCAAGAACACTGCCACCGAATCGGTTCACAACAATAA
CT 21 271 | cACTOToTocCAGGAGCAGCAGCAGCAGCAGATEATEATTATCGGAGAACCGGTT
GTG CCTG

AGTGAATTAGTTAGGGGGAGCTCCTCTCTCTCTCT
TCTCTCTCCAGGAGGATCGGGGAAAGAGACAGACAGAGAAAGAGAAG

CTTG

TTCCTTTTCCGTTCCGTG
TG

TGTGCATAGCAAGCA
AGCAA

232

TTCCTTTTCCGTICCGTGTGATGATIGAGTCATTGCAGCAGCATGACTGACTAACTA
CAAAGAAATAACCTACAATTCTTTCATTTCTTGGACTCTTTTTGTGTGGTTATTTCA
TGTTACTATACAGGTAAAAATTAGCCACCGTTGTGGATGATTACCTATGCTTACAA
TAAATTCTTGCTTGCTTGCTTGCTTGCTTGCTTGCTATGCACACTACACAAGTAGAC

caae
AAAACCCTAAACCCTAA AATTTTCTACGCGGG AAAACCCTAAACCCTAAACCCTAAACCCTAATACTAAACTAATAATAAAACCCTAA

AAACCCT 4 138 | asssmaarrraTAATTITITATIATITATTIGATA TAC A GACECOCGTAG
ACCCT TCTGT AAAATITAATATAAAATTTTTAATA

TORGCCATICTO RGO TICCTARTITGRAAACCTCGOG AR TR TGACTATGTACAT

ACTACTACGACTACTACGACTACTACGACTACTATGACTACTACGACTACTACGAC

ACTACTACG 3 | CTGAGCCATICTGAGCG GTCGTCGTCGTAGTA 283 TACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTA
TC GTCGT CTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACTACGACTACT

ACGACTACTACGACTACTACGACTACTACGACTACTACGACGACGACGACGACGA

carc

CRCAGETGEAGTAT TR TARTRTARTARTARTART

A A O . NS AATAGTAGTAGTAAATAAAACATATATAATAGATAAAACAGATATAAT .

TAA Q | COGGACAGCCGCAGTAT | CTTCTTCTGGAAGTA 281 TAATAATAATAATAATAATAATAATAATATAAATAATAGTACGAGTACAGATAGT
ATA TGTAGCCA ATATAAAATAATAAAAAACAGATTATTITTATTAATITTTTATAAATTTTITAATA

AATAATAATATATCTGGCTACATACTICCAGAAGAAGAAGAAGAAAATTAATAGT

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 especificos,

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) Identifica¢do de STRs

Esta etapa consiste na detec¢do sistematica de sequéncias repetitivas em tandem (STRs) em
genomas completos. Para cada sequéncia proveniente de um arquivo FASTA —
correspondente a uma cepa analisada — ¢ realizada uma varredura sequencial em busca de
repeti¢cdes cujo motivo possui comprimento variavel de 1 a 9 nucleotideos (SPRUIJTENBURG;
MEIER, 2024). O processo de deteccdo foi encapsulado em uma funcdo independente,
desacoplada da leitura das amostras, visando a reutiliza¢dao na proxima fase. Como saida, uma

lista de loci STR identificados ¢ exportada em formato CSV.

B) Eliminagdo de STRs Redundantes
Ap0s a detecgdo inicial, foi realizada a filtragem de STRs redundantes, com énfase nos casos
de “STRs contidos em STRs”, nos quais motivos repetitivos de menor unidade estdo
completamente embutidos e reiterados em STRs de motivo mais longo. A identificacdo dessas
redundancias baseia-se em uma tabela de contencdo, que descreve relacdes de equivaléncia e
ambiguidade entre STRs de diferentes tamanhos de motivo. Essa tabela estabelece quais
motivos curtos podem gerar repetigoes estruturalmente indistinguiveis de motivos mais longos.
As relagOes consideradas neste estudo foram:

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

e STRs de motivo 8 com4,2 e 1;

e STRs de motivo 6 com 3,2 ¢ 1;

e STRsdemotivo4com2e l;

e o0s demais tipos apresentam ambiguidade exclusivamente com STRs de motivo 1.
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Figura 11. Detecg¢do - composto por duas etapas principais. (A) detec¢do sequencial dos
loci STR e (B) remogdo dos STRs sobrepostos.
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B. Agregacdo, Quantificacdo e Classificacio de STRs

Conforme ilustrado na Figura 12, esta etapa considera multiplos niveis de organizacao.
Inicialmente ¢ realizada a soma do nimero total de STRs por cepa analisada, bem como a
quantifica¢do estratificada por cepa e tipo de STR e por cepa, tipo e tamanho (niimero de
copias). Em seguida, os dados sdao agrupados entre todas as cepas, consolidando-se as
quantificagdes por tipo de STR e tamanho, de modo a obter o nimero de STRs localizados para
cada combinag¢do de motivo e niimero de copias em cada cepa. A partir desse agrupamento
global, os loci sdo entdo classificados conforme seu padrao de ocorréncia entre as amostras.
Foram identificados como STRs inclusivos aqueles loci que apresentam motivos e tamanhos
equivalentes (mesmo numero de copias) e que ocorrem em todas as sequéncias analisadas. Em
contraste, sdo 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 analise comparativa

da conservacao e da especificidade dos loci STR entre as cepas estudadas.



36

Figura 12. Etapas sucessivas de agregacdo por cepa, tipo, unidade e niimero de copias
(REP1, REP2 e REP3). As informagdes consolidadas sdo entdo combinadas em um arquivo
resumo global (SOMA3), a partir do qual sdo identificados os STRs inclusivos, presentes em
todas as cepas analisadas, e os STRs exclusivos, presentes em apenas uma cepa, considerando
motivos e tamanhos equivalentes.
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C. Montagem e Validagdo dos Primers

A Figura 13 detalha o processo de montagem e validagdo dos primers. Para cada STR
exclusivo identificado, foram recuperadas as informagdes de origem — incluindo posigdo
gendmica e caracteristicas do motivo repetitivo — a partir dos arquivos id_cepa—tipo—X.csv,
gerados previamente na etapa de deteccdo dos STRs. Em seguida, para cada locus, foram
extraidas as sequéncias flanqueadoras (upstream e downstream) que, juntamente com o STR
central, compdem a sequéncia utilizada como entrada para o Primer3. O Primer3 ¢ entdo
acionado individualmente para cada locus, retornando até cinco conjuntos possiveis de primers.
A partir dessas informacgdes, os amplicons sao reconstruidos considerando as posi¢des exatas
de ancoragem dos primers na sequéncia analisada. Os conjuntos de primers selecionados t€ém
seus amplicons submetidos a validagio por BLASTn, com objetivo de confirmar a
especificidade, descartar alinhamentos inesperados e garantir que cada par amplifique apenas o
locus desejado em cada cepa. Apds a validagdo, foi executada uma etapa de conciliagdao dos
resultados, na qual sdo integradas as informacdes de desenho, posicdo e especificidade dos
primers. Foram considerados como critérios de validacao a cobertura da sequéncia 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 a totalidade do amplicon tedrico,
assegurando que todo o amplicon estivesse representado no alinhamento. Adicionalmente, foi
exigido que os alinhamentos apresentassem 100% de identidade nucleotidica 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 tedricos de PCR, evitando amplificagdes cruzadas com outras
cepas ou organismos filogeneticamente relacionados. O resultado ¢ um conjunto final de
arquivos, organizados por cepa, contendo os STRs efetivamente discriminatorios e seus primers

validados.

Figura 13. Fluxo de montagem e validagao dos primers. (A) Recuperar as informagdes de
origem, extrair as regides flanqueadoras que, acionar o Primer3. Montar os amplicons para cada
conjunto de primers. (B) Os amplicons sdo submetidos a validagdo por BLASTN para
verificagcdo de especificidade em seguida ¢ feita a conciliagdo dos resultados do BLASTN e
aplicagdo de filtros de especificidade.
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