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“Por milhdes de anos, a humanidade viveu
como os animais. Entdo aconteceu algo que
desencadeou o poder da nossa imaginacao.
NoOs aprendemos a falar. E nés aprendemos
a ouvir. A fala tem permitido a comunicagéo
de ideias, permitindo aos seres humanos
trabalhar em conjunto. Para construir o
impossivel. As maiores conquistas da
humanidade surgiram em decorréncia da fala.
E os maiores fracassos pela falta dela. Nao
precisa ser desta forma! Nossas maiores
esperancas poderiam se tornar realidade no
futuro. Com a tecnologia a nossa disposicao,
as possibilidades séo ilimitadas. Tudo o que
precisamos fazer é garantir que continuemos

conversando.”

Stephen Hawking



PANDOLFI, Victor César Freitas. Desenvolvimento de marcadores microssatélites
e avaliacdo da diversidade genética do peixe ornamental amazbnico
Pterophyllum scalare. 2020. 53 f. Dissertagdo (Mestrado em Ciéncia Animal) —
Universidade Estadual de Londrina, Londrina, 2020.

RESUMO

O acara-bandeira (Pterophyllum scalare) € um peixe de agua doce que esté distribuido
em diversas regides da Ameérica do Sul, estando presente na bacia do rio Amazonas,
no Brasil, Colémbia, Guianas e Peru. Ele apresenta elevada demanda de mercado,
estando entre uma das espécies ornamentais mais importantes. Devido a sua
importancia biologica, econbmica e as cressentes pressdes humanas sobre seu
habitat, nenhum primer microsséatelite foi desenvolvido para pesquisas da sua
estrutura genética. O objetivo do presente trabalho foi desenvolver primers espécie-
especificos para o P. scalare e analisar a estrutura genética de uma populacao
selvagem e trés estoques comerciais. Foram coletadas amostras da nadadeira caudal
de 24 individuos do rio Amazonas, na reagido de Macapa - AP, 24 da linhagem comum
e 24 da linhagem marmorato e 24 da linhagem palhaco, todas de criadores de Vieras
- MG. Foram indentificados oito loci polimérficos e 66 alelos com 4,250 a 4,625 alelos
por locus. O contedudo da informacdo polomdrifica variou entre 0,031 a 0,827.
Observou-se alta diferenciacéo genética par a par entre a populagédo serlvagem e 0s
estoques e moderada entre somente 0s estoques . Foi observado desvio no equilibrio
de Hardy-Weinberg na populacdo e nos estoques. As analises de estrutura
populacional ndo demonstrou sobreposicdo entre a populacdo e 0s estoquese
demonstrou a existencia de duas subpopulacdes (selvagem) e as trés (comercias). Os
primers desenvolvidos servem como ferramenta para as analises de diversidade e
estrutura genética e estudos de conservacgao do P. scalare.

Palavras-chave: Aquicultura ornamental. Conservacdo genética. Estrutura
populacional. Marcador molecular. SSR.



PANDOLFI, Victor César Freitas. Development of microsatellite markers and
evaluation of genetic diversity of the amazonian ornamental fish Pterophyllum
scalare. 2020. 53 p. Dissertation (Master’s degree in Animal Science) — Universidade
Estadual de Londrina, Londrina, 2020.

ABSTRACT

The angelfish (Pterophyllum scalare) is a freshwater fish that is distributed in varius
regions of South America and is present in the Amazon River basin, in Brazil,
Colombia, Guyana and Peru. It has high market demand, being among one of the most
important ornamental species. Due to its biological and economic importance and the
increasing human pressures on its habitat, no microsatellite primer has been
developed for research into its genetic structure. The objective of the present work was
to develop species-specific primers for P. scalare and to analyze the genetic structure
of one wild population and three commercial stocks. Samples of the caudal fin were
collected from 24 individuals from the Amazon River, in the region of Macapa - AP, 24
from the common lineage, 24 from the marmorato lineage and 24 from the clown
lineage, all from fish farms from Vieras - MG. Eight polymorphic loci and 66 alleles
were identified with 4,250 to 4,625 alleles per locus. The content of the polomorphic
information ranged from 0.031 to 0.827. It was observed high pairwise genetic
differentiation between population and stocks and moderate between only stocks.
Hardy-Weinberg equilibrium deviation in population and stocks was observed.
Population structure analyzes showed no overlap between population and the stocking
showed two subpopulations (wild) and the three (commercial). The developed primers
serve as a tool for the analysis of diversity and genetic structure and conservation
studies of P. scalare.

Key-words: Genetic conservation. Molecular marker. Ornamental aquaculture.
Population structure. SSR.
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1 INTRODUCAO

O estudo de espécies de peixes no Brasil tem como foco a compreensao dos
aspectos populacionais, reprodutivos, bioldégicos e genéticos. Essas informacdes
permitem o avanco do conhecimento da dinamica populacional, dos mecanismos
reprodutivos, da influéncia de fatores ambientais e genéticos e da insercdo de
espécies na producdo em cativeiro. O conhecimento dessas informacdes € util para
projetos de sustentabilidade das espécies e sua conservacao.

Dentro das atividades desenvolvidas nos projetos de conservacéo e
de producéo em cativeiro de peixes destaca-se a analise genética de populacdes. De
acordo com Lopera-Barrero, (2009) a andlise genética de estoques e populacdes
naturais é necessaria para visualizar a potencialidade genética das espécies, sendo
utilizadas essas informacdes como partes dos mecanismos e acdes de protecéo ou
cultivo em cativeiro que serdo utilizadas. Nesse sentido, nos ultimos anos tem se
destacado a utilizacdo de marcadores moleculares os quais permitem fornecer dados
de variabilidade e estrutura genética.

Entre os marcadores moleculares mais utilizados na atualidade na
analise genética de populacdes destacam-se 0os microssatélites, pois possibilitam a
geracdo de uma grande quantidade de informac6es devido ao seu alto polimorfismo
e a sua caracteristica codominante (ABDUL-MUNEER, 2014). Porém, para a
utilizacédo desse marcador, sdo necessarias informacgdes prévias do genoma e primers
espécie-especificos, o que limita a utilizacdo dessa técnica para aqueles individuos
gue nao os possuem. Alguns estudos optam por utilizar primers descritos para uma
espécie em espécies relacionadas que ainda ndo possuem sequéncias
microssateélites sintetizadas, chamados de primers heter6logos (LOPERA-BARRERO
et al.,, 2016; CASTRO et al., 2017), entretanto, mesmo com resultados promissores
observados em algumas pesquisas publicadas, existem dificuldades na sua utilizagcéo
relacionadas as amplificacdes ndo especificas, ao baixo numero de alelos e a
presenca de alelos nulos. Sendo assim, se faz necessario o desenvolvimento de
primers espécie-especificos para aprimorar e melhorar as analises genéticas em
espécies que ndo os apresentam.

O acara- bandeira (Pterophyllum scalare) € um peixe tropical de agua
doce que estéa distribuido em diversas regibes da América do Sul, estando presente

na bacia do rio Amazonas, no Peru, Coldombia, Brasil e Guianas (PEREIRA et al.,
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2016). Na natureza habitam pantanos ou terrenos alagados onde a vegetacédo
aguatica e riparia € densa, que servem de abrigos contra predadores, preferem locais
onde a agua seja levemente &cida e apresente baixa dureza (RIBEIRO; RODRIGUES;
FERNANDES, 2007)

Dentro da familia dos ciclideos o acara-bandeira € uma das mais
importantes espécies ornamentais (KASIRI; FARAHI; SUDAGAR, 2011) e apresentam
elevada demanda no mercado (RIBEIRO; PRETO; FERNANDES, 2009). Apesar da
sua importancia biolégica e econémica relatada para o P. scalare henhum primer
microssatélite foi desenvolvido para pesquisas da estrutura genética dessa espécie,
sendo assim necessarias pesquisas para que se viabilizem essas ferramentas
genéticas.

Assim, objetivo deste trabalho € desenvolver primers espécie-
especificos para P. scalare e através deles realizar a analise da variabilidade e

estrutura genética de trés linhagens dessa espécie.
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2 REVISAO DE LITERATURA
2.1 PANORAMA DA AQUICULTURA ORNAMENTAL

A criacao de peixes em aquarios € uma atividade ja praticada a muito
séculos e com grande parte do mercado pertencente ao publico amador e dessa
vontade do homem possuir peixes coloridos para ornamentacao surgiram as primeiras
pisciculturas. Os primeiros registros de técnicas de aquicultura para a criacdo de
kinguios e as carpas koi remetem ao final do século XVI. Porém a aquariofilia se
popularizou a partir do século XX, com o advento dos aquarios de vidros,
equipamentos especificos para a pratica que diminuem o tempo gasto em
manutencdo e a facilidade de troca de peixes ornamentais entre os praticantes da
aquariofilia (BOTELHO, 1990).

Os peixes que alimentam esse mercado sdo, em grande maioria,
provenientes de paises em desenvolvimentos nas regifes tropicais e subtropicais.
Estima-se que 60% das mais de 2500 espécies presentes no mercado de peixes
ornamentais sejam dulcicolas, e que este nicho seja ocupado por cerca de 30
espécies, como 0 Acara-Bandeira, Acara-Disco, Neon, Zebrafish entre outras (DEY,
2016). A pesca ornamental tem por caracteristicas a captura de espécies de pequeno
porte com formas peculiares e com cores suntuosas. (ROSSONI; FERREIRA;
ZUANON, 2014)

O Brasil no periodo de 2014 até 2018 exportou um total de 52 milhdes
dolares em peixes ornamentais de dgua doce, sendo 0s cinco maiores exportadores
os estados do Para, Amazonas, Ceard, Espirito Santo e Goias, tendo como maiores
importadores os paises da Asia (Exclusive Oriente Médio) e Unido Europeia (MDIC -
MINISTERIO DA INDUSTRIA COMERCIO EXTERIOR E SERVIGCOS, 2018).

Segundo Chao et al. (2001) e Ribeiro et al. (2009) mesmo o Brasil
sendo um grande exportador de peixes ornamentais, grande parte desse volume é
fruto da pesca extrativista, sendo que uma grande parte dos animais morrem no
momento da captura ou durante o transporte.

Ainda segundo Ribeiro et al. (2009) a producdo em cativeiro de
espécies amazobnicas, como: Acara-Disco e Acara-Bandeira, neon-tetra, arraia,

corredora e varios tipos de cascudos dentre eles, o Cascudo-Zebra, que se encontra
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ameacado extingdo, em escala comercial no Brasil estd muito aquém do sucesso de
producao realizada em outros paises.

Crampton (1999) identificou varios impactos no comércio de peixes
ornamentais gerados pela sobrepesca nas areas de lagos da reserva ecoldgica
Mamiraua, Tefé - AM, como a diminui¢do dos estoques do acara-disco. Essa reducao
mostra a necessidade de um plano de manejo sustentavel da pesca extrativista na
reserva. A situacdo da sobrepesca se repete no municipio de Altamira- PA como
Seabra-Carvalho et al. (2004) relataram, ap0s entrevistar pescadores da regido, a
diminuicdo da abundancia de peixes ornamentais, como o cascudo-zebra.

Analisando o mercado mundial, Olivier (2001) concluiu que esta
ocorrendo uma drastica reducdo dos estoques genéticos. Esta reducdo €
acompanhada de uma possivel quebra na atividade extrativista e prejuizos para a
estrutura socioecondmica das regides. Essa exploracdo desordenada chegava a
retirar 100 milhdes de espécimes de aproximadamente 400 espécies de peixes de
agua doce da América do Sul (INCODER; TRAFFIC; WWF, 2006).

2.2 MARCADORES MOLECULARES

Segundo Bered, Barbosa Neto, Carvalho (1997) e Faleiro (2011) os
marcadores moleculares sdo de extrema importancia para a geracdo de uma grande
guantidade de informacdes genéticas como, identidade genética, diversidade,
frequéncia génica, relacionamentos filogenéticos, mapeamentos genético, selecéo
assistida, e varios outras que sdo importantes para os programas de conservacao e
melhoramento genético. Essas informacfes sdo complementares as informacdes
ecoldgicas, morfolégicas dos recursos genéticos afim de analisar e validar a
diversidade e pureza genética; auxiliar a construcao de arvores filogenéticas; assistir
a selecdo de gendtipos com caracteristicas desejadas para os programas de

melhoramento genético e sdo as mais adequadas para o estudo de populagdes.

2.3 MICROSSATELITES

Os microssatélites, repeticoes de sequencias simples (SSR) de 1 a 10
nucleotideos, sdo uma subcategoria de repeticdes em tandem (TRs). Essas regides

genOmicas repetitivas sao relevantes para o processo evolutivo em virtude a sua



18

instabilidade. Podendo sofres mutacdes em taxas de 103 e 10° por geracéo de células,
sendo assim muito maiores do que as mutagdes pontuais (GEMAYEL et al., 2012)

Os SSR séao vistos em procariotos e eucariotos e estdo profusamente
disseminados em todo 0 genoma, principalmente na eucromatica de eucariotos e no
DNA nuclear e organogénico codificador e ndo-codificante (PEREZ-JIMENEZ et al.,
2013; PHUMICHAI; PHUMICHAI; WONGKAEW, 2015) e constituem uma classe
extremamente polimorfica de marcadores (TAUTZ, 1989).

Para a obtencdo dos marcadores é necessario a amplificacdo dos
microssatélites por meio da PCR, onde se utiliza primers especificos que contenham
entre 20 a 25 pb para as regides do DNA que estdo flanqueando os microssatélites
(FALEIRO, 2007). O que vai demandar a constru¢cdo de bibliotecas gendmicas,
selecdo e sequenciamento dos clones positivos, andlise das sequéncias de DNA e
desenho e sintese dos primers, validacdo dos primers por PCR, eletroforese do
produto da reacao e deteccao do polimorfismo entre individuos (MASON, 2015). Em
alguns casos € possivel utilizar primers desenvolvidos para espécies geneticamente
relacionadas.

Os microssatélites, contraposto aos outros marcadores moleculares
sdo mais eficientes para detectar polimorfismo em espécies ou individuos
pertencentes a uma mesma populacédo, além de tudo ele possuia a caracteristica de
serem codominantes, sendo assim podem apresentar os alelos dominantes e
recessivos. O que é de suma relevancia em analises genéticas e no estudo da
evolucdo de populacdes naturais, sobretudo em espécies muito heterozigoéticas
(ZUCCHI; VENCOVSKY, 2002; BRONDANI et al., 2006).

Os marcadores moleculares microssatélites sdo um 6timo recurso e
sdo amplamente utilizados para a construcdo de mapas genéticos, testes de
paternidades, analise de fluxo génico, diagnosticos de doengas, estudos
populacionais e ecoldgicos, biologia da conservacdo e em investigacdes forense e
limites taxondémicos (CHASE; KESSELI; BAWA, 1996; GOLDSTEIN; POLLOCK,
1997; FILCEK et al.,, 2005; RACEY et al.,, 2007; MCCUSKER; PATERSON;
BENTZEN, 2008). Algumas pesquisas também indicam que os microssatélites sao
funcionais e podem afetar a regulacdo génica (KASHI; KING, 2006; GEMAYEL et al.,
2010; SONAY et al., 2015).

2.4 ANALISES GENETICAS DE ESTOQUES E POPULACOES DE PEIXES
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Tendo em vista que o microssatélites sao altamente polimérficos seu
uso na aquicultura apresenta grande potencial, servindo para quantificar variacdes
genéticas dentro e entre populacdes de espécies (ABDUL MUNEER et al., 2009), sédo
extremamente assertivos na diferenciacao de populagcdes geograficamente isoladas e
espécies e subespécies irmas e em teste de parentesco (ZARDOYA et al., 1996;
WEBSTER; REICHART, 2005).

Varios autores relatam o uso de microssatélites para estudos de
populacbes ou estoques de varias espécies de peixes como o Dissostichus
eleginoides (REILLY; WARD, 1999), Euchiloglanis (LI; LUDWIG; PENG, 2017) e o
Brachyplatystoma platynemum (OCHOA et al., 2015)

Dentro do cultivo de estoques de peixes nao se pode negligenciar o
conhecimento de sua estrutura genética, pois a formacao de estoques com altas taxas
de endogamia gera perdas de produtividade. Desta forma a analise genética dos
estoques e uma ferramenta muito Gtil para os programas reprodutivos a fim de se

manter a alta variagdo genética entre os animais (WASKO, 2005).

2.5 CONSERVACAO E GESTAO DA PESCA EXTRATIVISTA

Abdul-Muneer (2014) afirma que sao importantes as informacdes
geradas por microssatélites sobre a variacdo genética e estrutura de estoque de
espécies de peixes com o intuito de se realizar o manejo da pesca e conservacgao das
espécies em suas populacdes naturais. Segundo Frankham (2003) a diferenciacédo de
uma espécie em populacdes geneticamente distintas € de suma importancia para o
processo de evolucdo e depende de forcas fisicas e biolégicas, como barreiras
geograficas, deriva genética, selecdo e migragédo. Espécie em risco de extingéo terdo
populacdes pequenas ou em declinio, apresentando assim alta taxa de endogamia e
perda da diversidade genética, que por sua vez reduzira a capacidade evolutiva da
populacdo para lidar com mudancas ambientais e também a perda de seus membros
mais adaptados para sobreviver em um determinado habitat.

Como resultado da sobrepesca extrativista € possivel encontrar
populacdes com deficiéncia heterozigotica e desvio do equilibrio de Hardy-Weinberg,
isso somados a endogamia se tem como consequéncia o gargalo genético (PADHI;
MANDAL, 2000).
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Abdul-Muneer (2014) ainda menciona que os esforcos para aumentar a diversidade

genética das espécies de peixes, 0s programas de conservacao devem seguir alguns

principios genéticos:

O tamanho efetivo da populacdo deve ser mantido o maior possivel
para que o numero de adultos participantes da reproducdo ajude a

manter a variabilidade genética natural.

. Os fatores que causam a redugéo no tamanho efetivo da populacao

devem ser controlados o mais rapido possivel.
Nenhum fluxo artificial de genes entre estoques distintos deve ser
criado por meio de programas aleatorios de estocagem ou

repovoamento.

. Os programas de repovoamento devem também incluir meios para

monitorar o impacto do programa, isso pode ser feito rastreando a
populacdo por meio de marcadores genéticos.

O autor ainda afirma que para atingir tais objetivos é de carater

prioritario proteger as populacdes e habitat contra o estresse antropogénico e

fortalecer a populacdo por meio de programas de repovoamento especificos

sustentados por:

Vi.

Regulamentacao das atividades humanas por meio de compreensao
publica e sensibilizacdo através da educacdo, ou através de
formulacdes e implantagdes de leis adequadas.

Proibicdo da pesca durante a época de reproducao.

iii. Avaliacdo de estoques de diferentes rios e imposicédo de cotas para

manutencao do tamanho da populacao.

Proibir a venda de espécies subdimensionadas.

Restringir a pesca apenas para peixes adultos e impedir o uso de
explosivos e produtos quimicos para a pesca.

Manter o nivel minimo de agua dos rios e declarar certos trechos de

rios como santuarios.

2.6 PTEROPHYLLUM SCALARE (SCHULTZE, 1823)

O Acara-Bandeira bandeira (Figura 1) € um dos peixes ornamentais

gue mais possui potencial de criacdo comercial no Brasil (RIBEIRO; CARVALHO
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JUNIOR; FERNANDES, 2008 e TAKATSUKA; NAVARRO, 2019). Apresenta 0 corpo
comprido lateralmente, semelhando-se a um triangulo por conta da sua nadadeira
dorsal e anal muito alongadas, linha lateral interrompida (LIMA, 2003).

Atualmente é possivel encontrar em lojas especializadas diversas
linhagens de acara-bandeira, sendo as mais populares: Marmorato, Selvagem Ouro,
Palhaco, Siamés e o0 Negro (TAKATSUKA; NAVARRO, 2019) entre outras, tendo como
a maior diferenga o padrao de cor e tamanho das nadadeiras.

2.6.1 Classificacéo

Pertence a:
e Classe: Actinopterygii;
e Ordem: Perciformes;
e Familia: Cichlidae;
e Género: Pterophyllum.
Etimologia Pterophyllum scalare:
e Do greco pteron (barbatana ou vela) + phyllon (folha).
e Do latim scalare (em degraus).

Figura 1 - Pterophyllum scalare, linhagem Marmorato

Fonte: o proprio autor
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2.6.2 Distribuicao

z

O Pterophyllum scalare € um peixe neotropical de agua doce
levemente acidas e com baixa dureza, popularmente conhecido no Brasil com Acara-
Bandeira e no exterior como Angelfish, que apresenta distribuicdo na América do Sul,
compreendendo a bacia do rio Amazonas, no Peru, Colémbia e Brasil, ao longo dos
rios Ucayali, Solimdes e Amazonas, rios do Amapa, rio Oyapock na Guiana Francesa
e rio Essequibo na Guiana (Figura 2) (KULLANDER et al., 2003).

Figura 2: Distribuicdo do Pterophyllum scalare na América do Sul

Fonte: Aquamaps (KASCHNER et al., 2016).

2.6.3 Reproducéo

Atinge a maturidade sexual por volta de 8 meses a um ano (CACHO;
YAMAMOTO; CHELLAPPA, 1999). Durante o periodo de reproducdo o macho corteja
a fémea e formam um casal que sera mantido por todo o periodo reprodutivo,
apresentam cuidado parental e com seu parceiro (a) até a eclosdo dos ovos
(YAMAMOTO et al., 1999).
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2.7 PESQUISAS COM PTEROPHYLLUM SCALARE

Atualmente muitos trabalhos com o Acara-Bandeira estdo focado em
aspectos nutricionais, reprodutivos e estéticos como: Fujimoto et al. (2015) estudando
0s aminoacidos essenciais na formulagédo de ragdo, Pai e Altaf (2016) verificando o
requerimento de proteina na dieta, Langroudi et al. (2009) estudando os efeitos do
uso de artémia enriquecidas com acidos graxos instaurados e vitamina C nos aspectos
reprodutivos, Shelar et al. (2014) avaliando o efeito da substituicdo de alimentos vivos
por alimentos formulados no desempenho reprodutivo, (Kouba et al. (2013) analisou
o efeitos de dietas ricas em carotenoides afetam as cores, e Mattos et al. (2017) testou
o efeito do extrato de propolis no desempenho de larvas e transporte de Acara-
Bandeira. Entre varios outros autores que trabalharam o mesmo tema.

Porém poucos autores fizeram pesquisas no campo da genética
utilizando o Acara-Bandeira, temos como exemplo o estudo citogenético realizado por
Nascimento et al. (2006) onde constataram que a espécie possui 0 nuamero
cromossOémico de 2n igual a 48 e ndo detectaram diferenca no cariétipo entre machos
e fémeas, indicando a auséncia de cromossomos sexuais mitéticos morfologicamente
diferenciados.

Apenas Schneider et al. (2015) analisou a distribuicdo de repeticdes
de microssatélites nos cromossomos do Acard-Bandeira, tendo encontrado cinco
microssatélites, trés di ((CA)1s, (GT)13 e (GA)12) e dois pentanucleotideos ((GAATA)s
e (GAGAA)12), os autores concluem que os microssatélites estdo dispersos no
Cromossomo com marcas notaveis nas regidfes centroméricas ou teloméricas,
sugerindo que as sequéncias contribuem para a estrutura do cromossomo e podem
ter desempenhado um papel na evolucao da familias Cichlidae. Entretanto os autores

nao levantam dados sobre a estrutura genética das populacdes estudas.
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4 HIPOTESE

Os primers microssatélites desenvolvidos neste estudo sao
ferramentas eficazes no estudo da variabilidade genética e estrutura
populacional do Pterophyllum scalare.
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5 OBJETIVOS

5.1 OBJETIVO GERAL

Construir bibliotecas enriquecidas com microssatélites para
Pterophyllum scalare.

5.2 OBJETIVOS ESPECIFICOS

Desenvolver primers espécie-especificos para Pterophyllum scalare a
partir das bibliotecas enriquecidas com microssatélites.
Obter dados de variabilidade e estrutura genética de uma populacao

natural e trés estoques comerciais.
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6 ARTIGO A - NORMAS DA REVISTA HYDROBIOLOGIA

Development of microsatellite markers and evaluation of genetic diversity of the amazonian ornamental

fish Pterophyllum scalare

ABSTRACT: The objective of the present work was to develop species-specific microsatellite primers for P.
scalare and to analyze the diversity and genetic structure of a wild population, from the Amazon River, and three
commercial stocks (common, marble and clown lineages), from farmers in Vieras - Minas Gerais. Through
microsatellite-enriched genetic libraries, 11 microsatellite markers with adequate amplification patterns were
characterized. Population genetic analysis identified eight polymorphic loci that generated 66 alleles ranging from
one allele (PSCA1B3) to nine (PSCA2H1). The polymorphic information content ranged from 0.031 to 0.827.
High genetic differentiation was observed between the wild population and the stocks, and moderate differentiation
between the three stocks. Deviation in the Hardy-Weinberg equilibrium was observed in one locus in the wild
population, in five loci in the common lineage, in two in the marble lineage and in two in the clown lineage.
Bayesian analysis of genetic structure revealed the existence of two clusters, one represented by the natural
population and the other by the stocks. The developed primers serve as a tool for the analysis of diversity and
genetic structure and conservation studies of P. scalare.

Keywords: Genetic Conservation. Molecular Marker. Ornamental Aquaculture. Population Structure. SSR.
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INTRODUCTION

According to data from the Brazilian Association of the Pet Products Industry, the population
of ornamental fishes in Brazil totals 18 million individuals (ABINPET, 2018). Within the Cichlid family, the
angelfish (Pterophyllum scalare (Lichtenstein, 1823)) is one of the most important ornamental species (Kasiri et
al., 2011) and has a high demand in the market. This species is a tropical freshwater fish that is distributed in
several regions of South America, being naturally present in the Amazon River basin, in Brazil, Colombia, Guyana
and Peru (Pereira et al., 2016). In nature they inhabit places where the water is slightly acidic and with low
hardness, and the vegetation is riparian and dense, that serve as shelter against predators, such as swamps or
wetlands (Ribeiro et al., 2007). Due to its beauty and variety of colors, this species is widely sought in the national
and international market, having several strains that classify them as coloring. Among the most sought lineages in
aquarium stores are marble, wild/ common, golden and clown (Ribeiro et al., 2009; Takatsuka & Navarro, 2019).

Despite the biological and economic importance of this species, and the increasing human
pressures caused mainly by overfishing and habitat fragmentation, no genetic studies characterizing wild
populations or stocks have been conducted on the species. It is known that genetic information such as the degree
of heterozygosity and structuring between populations are important for genetic maintenance of commercial
stocks, restocking programs, and genetic improvement programs, since they provide guidelines for fish production
with high genetic variability, a fundamental characteristic for conservation purposes, and assist in the control of
inbreeding and selection of phenotypic characteristics, important in commercial production (Frankham et al., 2004;
Ribeiro et al., 2016; Coimbra et al., 2017; Souza et al., 2017),

Among the molecular markers most used today in the genetic analysis of populations,
microsatellites stand out, as they allow the generation of a large amount of information due to their high
polymorphism and their codominant characteristic (Abdul-Muneer, 2014), being widely used in molecular
ecology, conservation genetics (Allendorf & Luikart, 2007), population structure (Bowcock et al., 1994), kinship
(Queller et al., 1993) and phylogeny (Zhu et al., 2000).

A study with the ornamental species clown knife fish (Chitala chitala (Hamilton, 1822))
showed that with the development and application of microsatellite markers for the species, it was possible to
genetically characterize wild populations of clown knife fish throughout its natural distribution, showing
differences in the genetic structure of populations (Dutta et al., 2019). However, for the use of this marker, prior
genome information and species-specific primers are required, which limits the use of this technique to those
individuals who do not have them. Some studies choose to use primers described for a species in related species
that do not yet have synthesized microsatellite sequences, called heterologous primers (Lopera-Barrero et al., 2016;
Castro et al., 2017), however, even with promising results observed in some published research, there are
difficulties in its use, related to non-specific amplifications, the low number of alleles and the presence of null
alleles. Therefore, it is necessary to develop species-specific primers to optimize and improve genetic analyzes in
species that do not have them.

Thus, this work was carried out with the objective of developing species-specific primers for
P. scalare and through them to carry out the analysis of the variability and genetic structure of three strains of this

species.
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MATERIAL AND METHODS
The methodologies used were approved by the Animal Use Ethics Committee of the State
University of Londrina (CEUA_UEL n° 110/2018).

DNA extraction

For the extraction of genomic DNA from P. scalare, the protocol described by Lopera-
Barrero et al. (2008) was used. Product quality from DNA extraction was verified by agarose gel electrophoresis
(1%) in 1X TBE buffer, performed for one hour at 100 V and 400 mA.

Development and characterization of microsatellite primers

The microsatellite enriched library was developed using the hybridization capture method,
according to the protocol described by Billotte et al. (1999), with probes (AGA)s, (CT)s and (GT)g in the
enrichment stage. The genomic DNA (5 pg) of P. scalare was digested with 50 U of the type Il Rsal restriction
enzyme (Promega, Maison, USA) and later the fragments were connected to the simple tape adapters (10 uM)
Rsa21 (5’ - CTCTTGCTTACGCGTGGACTA - 3”) and Rsa25 (5’ - TAGTCCACGCGTAAGCAAGAGCACA -
3”) with T4 DNA ligase (Promega). For the occurrence of the connection, the incubation was performed at 20 ° C
for two hours. The fragments were selected by hybridization with biotinylated oligonucleotides, complementary
to the microsatellite sequences, and then were recovered using streptavidin-coated magnetic spheres (Thermo
Fisher Scientific, Waltham, MA). The microsatellite enriched fragments were amplified via PCR with the primers
Rsa21, cloned into the pGEM-T Easy vector (Promega) and transformed into competent Escherichia coli JIM109
cells (Promega). Plasmids were isolated from single colonies and the inserts were sequenced using the Big Dye
Terminator sequencing Kit version 3.1 (Applied Biosystems, Foster City, CA) in automatic sequencer (ABI
3500xL., Applied Biosystems) using the M13 primer.

For reading and analysis of the sequences, the software MEGA version 6.0 (Tamura et al.,
2013) was used. The design of primers was perfomed using Primer3 software version 0.4.0 (Rozen & Skaletsky,
2000). The designed primers were synthesized and tested on nine samples of P. scalare (three samples for each
temperature tested) to standardize the best annealing temperature for each primer. The products were verified on
10% polyacrylamide gel (stained with silver nitrate). After the selection of the best annealing temperatures, based
on the best resolution of bands in the gel and disposal of primers that showed nonspecificity, the population

analysis was performed.

Population analysis

For the population analysis, three commercial lineages from Pterophyllum scalare stocks
(Common angelfish - COM, Marble angelfish - MAR and Clown angelsish — CLO) and a wild population (Wild
type angelfish — WIL) were used. Twenty-four specimens from each of the four groups (WIL, COM, MAR and
CLO) were used (Figl), totaling 96 individuals. The COM, MAR and CLO lineages were acquired from farmers
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in the municipality of Vieiras - MG and the WIL population was acquired in a stretch of the Amazon River
(0°05°28.1” N, 51°01707” W) (Fig2) from fishermen near the city of Macapa in the state of Amapa.

Figl Pterophyllum calare wild
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pe (a), common lineage (b), marble lineage (c) and (d) clown lineage
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Source: (a) wallpaperflare.com, (b and c) the author, (d) tropicalfishsite.com

The amplification of the fragments was performed in a final reaction volume of 15 L,
consisting of 1X Tris-KCI buffer, 2.0 mM MgCl,, 0.2 uM of each dNTP, 0.4 uM of each primer (forward and
reverse), one Hot Start Tag DNA Polymerase unit (LGC Biotecnologia, Cotia, Sdo Paulo, Brazil) and 60 ng of
DNA. PCR was performed under the following conditions: four minutes of initial denaturation at 95 ° C, followed
by 35 cycles of 60 s of denaturation at 95 ° C, 45 s of annealing (variable temperature for each primer in Table 1),
60 s of extension at 72 °C, and a final extension, after the 35 cycles, for fifteen minutes at 72 °C.

The PCR results were submitted to electrophoresis in an ABI 3500xL automatic sequencer
using the GeneScan 47-600 Liz (Thermo Fisher Scientific) as a size standard. The alleles were visualized in the
GeneMarker software version 2.6.3 (SoftGenetics LLC).
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Fig2 Collection point for the WIL population in the stretch of the Amazon River 0°05°28.1”N, 51°01707”W,
indicated by the red dot

2km

GeoEye, Earthstar Geographics | Esri, HERE, Garmin, METI/NASA, USGS

The observed (Ho) and expected (He) heterozygosity, Hardy-Wainberg equilibrium,
Analysis of Molecular Variance (AMOVA), pairwise fixation index (Fst), and allele frequencies, were calculated
with the GenAlex software version 6.5 ( Peakall & Smouse, 2012). As a method of differentiating Fsr values, the
definition of Wright (1978) was used, where values between 0.00 to 0.05; 0.051 to 0.15; 0.151 to 0.25 and > 0.25,
indicate small, moderate, high and very high genetic differentiation, respectively. The allelic richness (Ar) and the
inbreeding coefficient (Fis) were calculated using the FSTAT software version 2.9.3.2 (Goudet, 2005). The
presence of null alleles was tested with the Micro-Cheker software (Van Oosterhout et al., 2004). The genetic
bottleneck was calculated using the Bottleneck 1.2.02 software (Cornuet & Luikart, 1996), using the IAM (Infinite
allele model), TPM (Two-phase Mutation Model) and SMM (Stepwise Mutation Model) models. The Polymorphic
Information Content (PIC) was calculated using Cervus software version 3.0.7 (Kalinowski et al., 2007) and
classified according to Botstein et al. (1980), where PIC> 0.5, 0.5> PIC> 0.25 and PIC <0.25, indicate that they
are highly informative, reasonably informative and little informative, respectively. An analysis of the Bayesian
structure was performed using the Parallel Structure software (Besnier & Glover, 2013; Pritchard et al., 2000) to
verify the existence of possible clusters (K) between populations, following the mixed model of clusters with a
period of burn-in of 250.000 and 1,000.000 repetitions of MCMC (Markov Chain Monte Carlo), with 20 runs for
each hypothetical K value, with K ranging from one to eight (K = 1 - 8). The number of clusters was determined
by the method proposed by (EVANNO; REGNAUT; GOUDET, 2005) implemented on the Structure Harvester
website (Earl & Vonholdt, 2012). The factorial correspondence analysis (FCA) based on the allele frequencies
was elaborated by the GENETIX software version 4.05 (Belkhir et al., 2004).
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RESULTS

Among the 14 loci tested, 11 showed adequate amplification patterns, with eight loci showing
polymorphism. These primers were registred in GenBank (accession numbers MT084609-MT084619) The eight
loci produced a total of 66 alleles, which ranged from 119 bp (PSCA2AL1) to 349 bp (PSCAL1H2). The polymorphic
information content (PIC) was highly informative for five of the eight loci (PSCAL1F1, PSCA1H1, PSCA1H2,
PSCA2A1 and PSCA2H1), reasonably informative for two of the eight loci (PSCA1D1 and PSCA2C1) and little
informative for only one locus (PSCA1B3), ranging from 0.031 (PSCA1B3) to 0.827 (PSCA2H1) (Table 1). The
PSCA1B3 locus was monomorphic for the COM and CLO lineages. No null alleles were found.

The mean number of alleles per locus per population/stock ranged from 4.250 (WIL), 4.625
(COM), 4.500 (MAR) and 4.625 (CLO). The loci that presented the highest number of effective alleles per
population/stock were PSCA2H1 (6.194) for WIL, PSCA2H1 (4.484) for COM, PSCA2A1 (4.608) for MAR and
PSCA2A1 (4.412) for CLO. The highest values of allelic richness were observed in the loci PSCA2H1 (7.541) for
the WIL population, PSCA2H1 (7.456) for the COM stock, PSCA2A1 (6.299) for the MAR stock and PSCA2H1
(9.184) for the CLO stock.

The mean value for the observed heterozygosity (Ho) was smaller than expected (He) for
COM, MAR and CLO, with mean values ranging between 0.562 (WIL), 0.376 (COM), 0.412 (MAR) and 0.523
(CLO). The deviation from Hardy-Weinberg equilibrium (p <0.05) was found for one locus (PSCA1H1) in the
WIL population, in five loci (PSCA1H1, PSCA1H2, PSCA2A1, PSCA2C1 and PSCA2H1) in COM, in two loci
(PSCA1D1 and PSCA1H2) in MAR and in two loci (PSCA1D1 and PSCA1H2) in CLO. The p value of Fs was
compared with alpha 0.05 after the adjusted nominal level of 0.00156, and the result was positive and significant
(p <0.05) in two loci for COM (PSCA1H2 and PSCA2C1) and in two loci for MAR (PSCA1D1 and PSCA1H?2),
with the mean of Fis being positive and significant (p<0.05) for COM (0.292) and MAR (0.222).

Exclusive and low-frequency alleles (frequency <0.100) were observed in the WIL
population and in the COM, MAR and CLO stocks. The WIL population showed a greater number of exclusive
alleles, with 15 alleles, while COM presented a higher number of low-frequency alleles (16 alleles) (Table 3).

The genetic bottleneck analysis showed an excess of heterozygotes (p <0.05) in the COM
stock in the SMM model, and CLO in the IAM model. AMOVA showed a variation of 16.012% between
population/stocks, the Fsrt being high (0.16) and significant (p < 0.05) (Table 5). The genetic differentiation index
(FsT), paired between the population and stocks, was high for the combinations WIL x COM (Fst = 0.230), WIL
X MAR (Fst = 0.235), WIL x CLO (Fst = 0.220), and moderate for combinations COM x MAR (Fsr = 0.058),
COM x CLO (Fst = 0.089), MAR x CLO (Fst = 0.098). A parallel AMOVA was performed comparing the wild
population with the three stocks together (WIL x COM + MAR + CLO), and demonstrated a high differentiation
(Fst=0.197) according to the definition of Wright (1978).

The factorial correspondence analysis (FCA) demonstrated that there was no overlap between
the wild population and stocks (Fig3a). On the other hand, stocks showed areas of overlap for some individuals,
mainly between COM and MAR. The analysis of population structure indicated the presence of two genetic
clusters, one consisting of WIL and the other composed by COM + MAR + CLO (Fig3b). Supporting information
in Appendix Fig4) shows that the model K = 2 is the most suitable.
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Fig3 Graphical representation of the factorial correspondence analysis (FCA), yellow squares: WIL, blue circles:
COM, red triangles
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Table 1 - Characterization of Locus/Genebank /Class, Repetition and motif, Size of alleles (bp), Annealing temperature (Ta°C) and Polymorphic information content of the
primers used in the analysis of a population (WIL) and three stocks (COM, MAR and CLO) of Pterophyllum scalare

Locus Genebank

Class Sequence 5° — 3’ Rep. and motif Size (pb) Ta(°C) PIC
PSCA1B3 F: TTCCCTCCATTCACCTGCTC
MT084610 (ETLCTE): 254 59 0031
Complex R: CACCTCGCTAAACTCCCC 264
PSCA1D1 F: CTTGCAGTGAACGGTGGAAA 313
MT084612 (GT)4TT(GT)4GC(GT)s(GGT)sN(GT)s 339 62 0.420
Complex R: GCCTGTGAAGAATGCTGTGC
PSCAIF1 F: CCTGTGTTTGGCTCCAGATG 187
MT084613 (TG)sTA(TG)12 e 62 0.667
PSCA1H1 F: GTTCTATGTCAGCACGCACC 241
MT084615 (AC)y7 59 0.788
Di- R: TCCTTTGCAGACTCCAGTGT 273
PSCA1H2 F: TTTGCAGGACCCTCAAGCT 273
MT084616 (GT)wr 59 0.790
Di- R: CACTGTGTAGGGCTAATGTGC 349
PSCA2A1 F: CCCCATCTGGTCTCACTCG 119
MT084617 (CA);AA(CA)1AA(CA); 139 59 0.773
PSCA2C1 F: AGTCTGAGCCTTGGCCAC 221
MT084618 (TG)sN(GT)sN(GT)sN(GT)s 5 56 0.403
Complex R: CCTTTAATGTCAAACACTCGGC 55
PSCA2H1 F: GCACTAAGCGAATGACACTCT 299
l\g(r)f:gg R ATTCCCTGAAAATCGCACTTG (CA)sCG(CA)sCG(CA)10N(CA) TA(CA)s 64 59 0.827

WIL.: Pterophyllum scalare Wild population, COM: Pterophyllum scalare Common lineage, MAR: Pterophyllum scalare Marble lineage, CLO: Pterophyllum scalare Clown
lineage.
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Table 2 - Number of alleles (Na), number of effective alleles (Ne), allelic richness (Ar), observed heterozygosity
(Ho), expected heterozygosity (He), Hardy-Weinberg equilibrium (p value) (Hw), Coefficient of inbreeding (
Fis) by population (WIL)/stocks (COM, MAR and CLO) by locus

WIL
Locus Na Ne Ra Ho He Hw Fis
PSCA1B3 2 1.087 1.755 0.083 0.080 0.831 -0.022
PSCA1D1 3 1.880 2.914 0.455 0.468 0.405 0.052
PSCA1F1 3 1.358 2.514 0.304 0.264 0.864 -0.132
PSCA1H1 7 5.261 6.661 0.682 0.810 0.001* 0.181
PSCA1H2 3 1.772 2.522 0.391 0.436 0.435 0.124
PSCA2A1 6 3.388 4.883 0.958 0.705 0.071 -0.341
PSCA2C1 2 1.986 2.000 0.667 0.497 0.093 -0.324
PSCA2H1 8 6.194 7.541 0.958 0.839 0.090 -0.122
Mean 4.250 2.866 3.849 0.562 0.512 -0.076
COM
Locus Na Ne Ra Ho He Hw Fis
PSCA1B3 1 1.000 1.000 0.000 0.000 NA NA
PSCA1D1 3 1.317 2.531 0.273 0.241 0.908 -0.110
PSCA1F1 3 2.169 2.883 0.375 0.539 0.233 0.324
PSCA1H1 5 2.817 4.627 0.583 0.645 0.045* 0.117
PSCA1H2 5 2.617 4.366 0.286 0.618 0.000* 0.555*
PSCA2A1 7 4.069 6.230 0.696 0.754 0.038* 0.100
PSCA2C1 4 2.181 3.840 0.059 0.542 0.000* 0.897*
PSCA2H1 9 4.484 7.456 0.737 0.777 0.005* 0.079
Locus Na Ne Ra Ho He Hw Fis
Mean 4.625 2.582 4117 0.376 0.514 0.292*
MAR
Locus Na Ne Ra Ho He Hw Fis
PSCA1B3 2 1.046 1.545 0.045 0.044 0.913 0.000
PSCA1D1 5 1.297 3.383 0.125 0.229 0.003* 0.471*
PSCA1F1 4 1.923 3.255 0.417 0.480 0.715 0.153
PSCA1H1 5 3.646 4.488 0.625 0.726 0.697 0.160
PSCA1H2 6 4.034 5.488 0.211 0.752 0.000* 0.733*
PSCA2A1 7 4.608 6.299 0.917 0.783 0.247 -0.150
PSCA2C1 2 1.882 2.000 0.333 0.469 0.157 0.308
PSCA2H1 5 2.769 4.254 0.625 0.639 0.669 0.043
Mean 4.500 2.651 3.839 0.412 0.515 0.222*
CLO
Locus Na Ne Ra Ho He Hw Fis
PSCA1B3 1 1.000 1.341 0.000 0.000 NA NA
PSCA1D1 5 3.021 4.354 0.579 0.669 0.001* 0.161
PSCA1F1 4 2.030 5.561 0.450 0.508 0.431 0.139
PSCA1H1 6 3.746 7.625 0.833 0.733 0.539 -0.109
PSCA1H2 6 2.642 6.972 0.417 0.622 0.001* 0.368
PSCA2A1 7 4412 6.820 0.941 0.773 0.079 -0.188
PSCA2C1 2 2.000 2.544 0.294 0.500 0.090 0.437
PSCA2H1 6 3.852 9.184 0.667 0.740 0.130 0.124
Mean 4,625 2.838 5.55 0.523 0.568 0.110

WIL: Pterophyllum scalare Wild population, COM: Pterophyllum scalare Common lineage, MAR:

Pterophyllum scalare Marble lineage, CLO: Pterophyllum scalare Clown lineage.

* p<0.05
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Table 3 - Exclusive alleles and low-frequency alleles observed in a population (WIL) and three stocks (COM, MAR and CLO) of Pterophyllum scalare

PSCALB3 PSCAID1 PSCALF1 PSCALH1 PSCALH2 PSCA2AL PSCA2CL PSCAZH1
Exclusive alleles
257 (0.091), 267 240 (0.125), 242
211 (0.130), 216
0.068),269 283 (0.696), 295 0.271), 254
WIL 319 (0.250) (0.848), 222 Eo.273; o ((0_283)) 121 (0.063) 20.1 463 o
(0.022) (0.045) (0.063)
221 (0.059),
CoM 259 (0.063) 241 (0.059)
MAR 325 (0.021)
CcLO 339 (0.053) 189 (0.125) 24 ((%212627)) 251213 ((%'%i%))' 323 125(0.059)
Low-frequency alleles
257 (0.091), 267 121 (0.063), 127 246 (0.083), 256
WIL 254 (0.042) 323 (0.068) 222 (0.022) (0.068), 273 285 (0.022) (0.021), 135 (0.063), 260
(0.045) (0.021) (0.042)
222 (0.026), 244
327 (0.095), 331 119 (0.022), 133 (0.026), 250
CoM 187 0.063) 247 ((%'%‘éé))' 259 7 (0.024), 349 (0.043), 139 o ((%'%2%))’ (0.026), 258
: (0.048) (0.087) : (0.079), 260
(0.026)
323 (0.063) 325 119 (0.021), 129
MAR 254 (0.023) (0.021)335 19 ((%%ilz)) 195 2550001y 3 ((%%52%)) 349 T 0.083) 135 248 ((%%‘;21)) 264
(0.021) : : (0.063) :
273 (0.083), 323 123 (0.059), 125
249 (0.056), 255  (0.042), 325 (0.059), 127 246 (0.048), 250
CLo 339 (0.053) 193 (0.075) (0.028). (0.083), 327 (0.029), 129 (0.071)
(0.083) (0.059)

WIL.: Pterophyllum scalare Wild population, COM: Pterophyllum scalare Common lineage, MAR: Pterophyllum scalare Marble lineage, CLO: Pterophyllum scalare Clown

lineage.
<0.100 low-frequency alleles
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Table 4 - Signal test for heterozygote excess/deficiency in a population (WIL) and three stocks (COM, MAR
and CLO) of Pterophyllum scalare

Population N IAM? TPMP SMM¢
Ha/He P Ha/He P Ha/He P
WIL 24 2/6 0.196 2/6 0.250 5/3 0.844
COM 24 1/6 0.109 4/3 0.938 6/1 0.039*
MAR 24 2/6 0.547 3/5 0.843 4/4 0.547
CLO 24 1/6 0.039* 2/5 0.297 5/2 0.375

N: Number of individuals per population, Hq: Loci with Heterozygote Deficiency, He: Loci with Heterozygotes
Excess

qnfinite  Allele  Model, °Two-phase  Mutation Model,  °Stepwise = Mutation Model.
WIL: Pterophyllum scalare Wild population, COM: Pterophyllum scalare Common lineage, MAR:
Pterophyllum scalare Marble lineage, CLO: Pterophyllum scalare Clown lineage.

* Significant values of Wilcoxon tests (P<0.05)

Table 5 - Analysis of molecular variance (AMOVA) for a population (WIL) and three stocks (COM, MAR and
CLO) of Pterophyllum scalare

Variation source 2?%23?;7?]: Sum of squares  Variance components  Variation (%)
Between population 3 71,219 0.446 16,012*
Within populations 188 439,667 2,339 83,988

Total 191 510.886 2,785 100

WIL: Pterophyllum scalare Wild population, COM: Pterophyllum scalare Common lineage, MAR:
Pterophyllum scalare Marble lineage, CLO: Pterophyllum scalare Clown lineage.
*Significant at 5% (9999 permutagdes), FST = 0.160
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DISCUSSION

The value found for the PIC shows that seven of the eight amplified loci provide good
information about the polymorphism according to the classification of (Botstein et al., 1980), with only one locus
(PSCAL1B3) being low informative, caused by the fact that this locus was monomorphic for COM and CLO stocks.
Other authors who developed microsatellite primers for ornamental fish of the Cichlidae family found similar PIC
values, such as for Geophagus brasiliensis Quoy & Gaimard, 1824 (Ferreira et al., 2013) and lower values for
Astronatus crassipinnis Heckel, 1840 (Sousa et al., 2009). The PIC results demonstrate that seven of the eight
developed loci are useful for generating data on population genetic diversity for P. scalare. In addition, the
presence of null alleles, which can occur in studies with microsatellite markers in fish (Henriques et al., 2017;
Souza et al., 2018), was not found in the present study, indicating good annealing of the primers in the
corresponding regions of P. scalare DNA.

The number of alleles per locus and the mean values for the observed heterozygosity were
similar to other studies with Amazonian cichlids, such as Symphysodon discus Heckel, 1840 (Amado et al., 2008)
and Astronatus crassipinis (Sousa et al., 2009). Together with the PIC values, the number of alleles and the
heterozygosity indexes in the loci reinforce that the developed microsatellite primers can be used in genetic studies
of P. scalare.

The mean values found for Ho were lower when compared to He in the stocks COM, MAR
and CLO, evidencing a deficit of heterozygotes in these stocks. However, this deficit shown by the FIS index
(inbreeding coefficient) was significant only in COM and MAR. The lower values of Ho compared to He are
normally expected for captive stocks, since they are formed by a reduced number of individuals (founder effect),
and the random sampling of these stocks favors the detection of high and significant FIS values (Oliveira et al.,
2017). At the same time, the selection of phenopitic characteristics seeking standardization of colors, which
represents the economic importance for this species, can provide for the involvement or exclusion of alleles
through the mating of related individuals. As highlighted by Aguiar et al. (2018), the loss of variability may be
accentuated by the lack of matting control. However, for the WIL population, a deficiency of heterozygotes should
not be expected because they are individuals originating from the nature. The mean FIS for this population did not
differ statistically from 0 (p> 0.05). However, the importance of genetic evaluation of more collection points near
Macapa (AP) is highlighted, since factors such as overfishing, due to the proximity of the collection point with the
metropolitan region of the city of Macap4, or due to the effects of dams along the Amazon River that are retaining
sediment along the course of the river and damaging the ecosystem balance (Latrubesse et al., 2017), may
contribute to the fall of these values of diversity in the future.

The Bottleneck analysis, which revealed a recent reduction in the effective size in the COM
stock, by the SMM model, showing a deficiency of heterozygotes, and in CLO stock, by the lAM model, evidenced
by the excess of heterozygotes (Cornuet & Luikart, 1996), together with the high presence of low frequency alleles
in these stocks (16 in COM and 14 in CLO), alert to a possible loss of genetic variability in the future. Before this
occurs, the introduction of new breeders (with prior genetic analysis) must be considered in order to introduce
genetic diversity in stocks (Souza et al., 2017), and to avoid losses due to inbreeding depression.

Controlling genetic variability in stocks may not only be beneficial to fish farms that market

these fish, but also for natural populations, since captive production is an alternative to relieve the demand for wild
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specimens, decreasing the pressure of overfishing (Oliveira et al., 2017). In the present work, even with the
phenotypic similarity between the wild population of P. scalare and the Common lineage, the use of COM in
conservation programs is not recommended due to their high genetic differentiation in relation to WIL. According
to Coimbra et al. (2017) and Frankham et al. (2004), the introduction of new individuals with high genetic
differentiation could lead to a disturbance in the local genetic diversity and a decrease in the reproductive success
of the population, reducing their ability to evolve in response to changes in the environment, factor resulting from
the change in the force of natural selection, such as favoring meekness, behaviors of food capture and escape from
predators, are no longer selected, together with hygiene and prophylaxis activities in captivity, which prevent the
selection for resistance to parasites and diseases. Even so, genetic evaluations in fish stocks of P. scalare from
regions of the Macap4 region, could find individuals genetically similar to WIL and with high genetic variability,
which would be useful for use in conservation programs. And this is very important because, for WIL, the
bottleneck effect is not yet present, but it may become a future problem, as evidenced by the number of exclusive
and low-frequency alleles (15 and 13 alleles respectively). According to Abdul-Muneer (2014) the actions that
must be taken to increase the genetic diversity of fish species must follow some genetic principles, including,
keeping the effective population size as large as possible, so that the number of adults participating in reproduction
helps to maintain genetic variability. Another principle, as discussed, would be not to create an artificial flow of
genes between different stocks through random programs of stocking or restocking, being that the restocking
programs must be able to monitor the environmental impact of the program, what can be done by tracking
populations using genetic markers like microsatellites.

The FCA demonstrated that there was no overlap in the distribution of genetic variability
between the WIL population and the COM, MAR and CLO stocks, which corroborates with a high genetic
differentiation (FST = 0.160) between them. The analysis of genetic structuring by Parallel Structure revealed two
distinct genetic clusters (K = 2), formed by WIL and COM + MAR + CLO, being strengthened by the high number
of exclusive alleles present in WIL.

This high genetic differentiation (WIL x COM, MAR and CLO, FST = 0.197)
it occurs mainly due to the effect of the formation of stocks and the different selection forces acting on these
populations (Frankham et al., 2004). Stocks are more subject to inbreeding processes due to the limited number of
breeders, and the selection for color patterns can corroborate this differentiation. However, when comparing only
stocks between them, a moderate FST can be observed. This can be explained by the limited gene flow between
them and the search for maintaining the desirable phenotypic characteristics for each strain.

For the stocks COM and MAR, which presented positive and significant values of FIS, and
for CLO, some measures can be implemented to reduce the deficit of heterozygotes in these stocks. A increase in
the number of animals participating in reproduction, targeting of mating, and constant genetic evaluation of the
fingerlings produced, for example, can decrease this deficit and assist in the productive management of these
stocks (Frankham et al., 2004; Ribeiro et al., 2016; Souza et al., 2017).

The maintenance of genetic variability in commercial stocks is important so that these
animals can adapt to different environments, considering that the vast majority of these fish are intended for
aquarists, where they will be exposed to a wide variety of variables related to its maintenance, such as the diversity
of their aquarium fauna, type of feed available and water characteristics. On the other hand, the search for

increasingly uniform patterns of color and shape can accelerate the manifestation of the deleterious effects of
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inbreeding, impairing the survival of fish in these environments. Therefore, in the search for breeding stock with
high economic value, inbreeding processes are often inevitable, and tools such as microsatellite markers can help

control these processes.
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CONCLUSION

These new developed microsatellite primers serve as tools for the analysis of diversity and
genetic structure of Pterophyllum scalare, for natural populations and stocks kept in captivity, and also for genetic
conservation studies. The four groups studied in this work showed high genetic differentiation, being divided into
two structured groups, the first characterized by the wild population and the second by the three commercial stocks.
However, these data are new and studies with samples covering the entire area of occurrence are necessary to

characterize the genetic structure of Pterophyllum scalare in the hydrographic basins of its occurrence.
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7 CONCLUSAO

Foi possivel obter o sucesso nha construgcdo de oito locus
microssételites polimorficos (PSCA1B3, PSCA1D1, PSCA1F1, PSCA1H1, PSCA1H2,
PSCA2A1, PSCA2C1 e PSCA2H1) para Pterophyllum scalare que forneceram dados
Uteis para as analises de estrutura genética e conservacdo. A maior diferenciacao
genética foi observada entre a populacédo selvagem e as trés linhagens comercias,
resultado corroborado pela analise agrupamentos onde foi definido dois grupos
estruturados, sendo eles SEL e COM + MAR + PAL. Porém para uma andlise de
estrutura géntica mais robusta € necessario um numero maior de populacdes

selvagens e linhagens comerciais.
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Fig4 Delta K graph of the structure analysis on all assumed K values

Deltak = mean(|L"(K)]) / sd(L(K))
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