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Genetic diversity of tambaqui broodstocks in stock 
enhancement programs

Diversidade genética de estoques de reprodutores de tambaqui 
utilizados em programas de repovoamento

Américo Moraes Neto1; Denise Rocha Ayres2; Danilo Pedro Streit Junior3; 
Nelson Mauricio Lopera-Barrero4; Paulo Bahiense Ferraz Filho5; Ruy Alberto 
Caetano Corrêa Filho5; Annaiza Braga Bignardi2; Caroline Michele Marinho 

Marciano6; Pâmela Juliana Furlan Murari7; Jayme Aparecido Povh5*

Abstract

Natural populations of tambaqui (Colossoma macropomum) have signi¿cantly decreased in recent 
decades especially due to human extraction activities. So that the environmental impact may be 
reduced, the restocking of ¿sh and increase in ¿sh production are enhanced. Genetic evaluations using 
molecular markers are essential for this purpose. Current study evaluates the genetic variability of two 
tambaqui broodstocks used in restocking programs. Sixty-¿ve samples (33 samples from broodstock 
A and 32 samples from broodstock B) were collected. DNA was extracted from caudal ¿n samples, 
with the ampli¿cation of four microsatellite loci: Cm1A11 (EU685307) Cm1C8 (EU685308) Cm1F4 
(EU685311) and Cm1H8 (EU685315). Fourteen alleles in the stock of broodstock A were produced, ¿ve 
alleles for Cm1A11 locus (230, 255, 260, 270 and 276 bp), three alleles Cm1C8 (239, 260, and 273 bp), 
two alleles Cm1F4 (211 and 245 bp), four alleles for Cm1H8 (275, 290, 320 and 331 bp) and two unique 
alleles were found for Cm1A11 loci (alleles 270 and 276 bp) and Cm1H8 (alleles 275 and 331 bp). In 
broodstock B, ten alleles were produced, the same alleles of the ¿rst stock except for alleles 270 and 
276 bp in Cm1A11 locus and 275 and 331 bp in Cm1H8 locus. Broodstock A revealed low frequency 
alleles in Cm1A11 loci, Cm1C8, Cm1F4 and Cm1H8, whereas broodstock B had no locus with low 
allelic frequency. Loci Cm1A11, Cm1C8 and Cm1H8 exhibited signi¿cant de¿cit of heterozygotes in 
both broodstocks, revealing changes in Hardy-Weinberg equilibrium. Genetic diversity between stocks 
was 0.1120, whilst genetic similarity was 0.894, with FST rate = 0.05, and Nm = 3.93, indicating gene 
Àow between the two broodstocks. Results show that broodstocks are genetically closely related, with 
no great genetic variability. Strategies such as a previous genetic analysis of breeding with its marking, 
use of a large Ne crossing between the most genetically divergent specimens, and the introduction of 
new genetic material to broodstocks may maximize genetic diversity and minimize inbreeding within 
the next generation.
Key words: Colossoma macropomum. Genetics conservation. Molecular markers. Microsatellite.
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Resumo

A população natural do tambaqui (Colossoma macropomum) está reduzindo signi¿cativamente 
nas últimas décadas devido às ações antrópicas, como o extrativismo. Para diminuir este impacto 
ambiental, o repovoamento de peixes e aumento da produção piscícola estão sendo realizados. Para 
tanto, avaliações genéticas por meio de marcadores moleculares são fundamentais. Desta forma, o 
objetivo deste trabalho foi avaliar a variabilidade genética de dois estoques de reprodutores de tambaqui 
utilizados em programas de repovoamento. Foram coletadas 65 amostras (33 amostras do estoque A e 
32 amostras do estoque B). O DNA foi extraído de amostras da nadadeira caudal, com a ampli¿cação 
de quatro loci microssatélite: Cm1A11 (EU685307), Cm1C8 (EU685308), Cm1F4 (EU685311) e 
Cm1H8 (EU685315). Foram produzidos 14 alelos no estoque de reprodutores A, cinco alelos para o 
locus Cm1A11 (230, 255, 260, 270 e 276 pb), três alelos para Cm1C8 (239, 260 e 273 pb), dois alelos 
para Cm1F4 (211 e 245 pb), quatro alelos para Cm1H8 (275, 290, 320 e 331 pb) e dois alelos exclusivos 
foram encontrados para os loci Cm1A11 (alelos 270 e 276 pb) e Cm1H8 (alelos 275 e 331 pb). Para 
o estoque de reprodutores B foram produzidos 10 alelos, os mesmos alelos do primeiro estoque, 
exceto para os alelos 270 e 276 pb no locus Cm1A11 e 275 e 331 pb no locus Cm1H8. No estoque de 
reprodutores A foi observado alelos de baixa frequência nos loci Cm1A11, Cm1C8, Cm1F4 e Cm1H8. 
Já o estoque de reprodutores B não apresentou locus com baixa frequência alélica. Os loci Cm1A11, 
Cm1C8 e Cm1H8 exibiram signi¿cativo dé¿ct de heterozigotos em ambos os estoques de reprodutores, 
indicando alteração no equilíbrio de Hardy-Weinberg. A divergência genética foi de 0,1120 entre os 
estoques, enquanto a similaridade genética foi de 0,894, com o valor de FST igual a 0,05, e o Nm igual 
a 3,93 indicando Àuxo gênico entre os dois estoques de reprodutores. Os resultados obtidos revelam 
que os estoques de reprodutores estão geneticamente muito relacionados e que ambos os estoques não 
apresentam alta variabilidade genética. Estratégias como uma prévia análise genética dos reprodutores 
com sua marcação, utilização de um grande Ne, cruzamento entre indivíduos geneticamente mais 
divergentes, além da introdução de um novo material genético aos estoques de reprodutores, poderiam 
ser utilizadas para maximizar a variabilidade genética e minimizar a endogamia na próxima geração.
Palavras-chave: Colossoma macropomum. Conservação genética. Marcadores moleculares. 
Microssatélite.

Brazil has the biggest ¿sh diversity on the 
continent, extensive available fresh water and 
a favorable climate for aquiculture, coupled to 
being a great producer of inputs for aquaculture. 
All these factors reveal the country´s signi¿cant 
aquaculture capacity (LOPERA-BARRERO et 
al., 2011). However, extractivism is the main cause 
that triggered a sharp decrease in natural stocks. In 
fact, extractivism has greatly diminished the natural 
population of Colossoma macropomum (locally 
called tambaqui) during the last decades, due to 
human activities (THOMÉ-SOUZA et al., 2007). 
Several strategies have been deployed to mitigate 
the environmental impact, among which may be 
mentioned ¿sh restocking and increase in ¿sh 
production. These events have made ¿sh genetic 
studies highly necessary while molecular markers 
have proved to be useful for this end (JACOMENTO
et al., 2010; LOPERA-BARRERO et al., 2015; 

POVH et al., 2011; RODRIGUEZ-RODRIGUEZ
et al., 2010). There is a lack of information on the 
genetic assessment of stock enhancement programs 
for the tambaqui. 

Sixty-¿ve samples from the caudal ¿n were 
collected from two stocks of tambaqui broodstocks 
in a commercial ¿sh culture in the municipality 
of Pimenta Bueno RO, north Brazil (11°41’46”S; 
61°13’47” W), namely, 33 samples from broodstock 
A and 32 samples from broodstock B. 

DNA was extracted from the caudal ¿ns 
following protocol by Lopera-Barrero et al. (2008). 
Loci Cm1A11 (EU685307), Cm1C8 (EU685308), 
Cm1F4 (EU685311) and Cm1H8 (EU685315) 
were ampli¿ed by primers following methodology 
described by Santos et al. (2009). Reactions were 
ampli¿ed in Eppendorf Mastercycler Gradient 
thermocycler.
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Ampli¿ed samples underwent polyacrylamide 
gel electrophoresis 10%, de-naturant (6 M urea), for 
12 hours at 15 mA. Protocol by Bassam et al. (1991) 
was employed to visualize the alleles and fragment 
size was estimated by comparison with standard 
ladder 10, 50 and 100 bp (Invitrogen). 

Observed heterozygosity (HO), expected 
heterozygosity (HE), the number of migrants (Nm), 
the coef¿cient of endogamy (FIS) and Hardy-
Weinberg´s equilibrium test (PHW) were analyzed 
by statistical program GENEPOP 1.2 (RAYMOND; 
ROUSSET, 1995). Genetic differentiation rates 
(FST) were calculated by FSTAT 2.9.3.2 (GOUDET,
2002) and the genetic distance and similarity by 
program POPGENE 1.31 (YEH et al., 1999).

The stock of broodstocks A and B had 14 and 
10 alleles respectively. The stocks of broodstock A 
featured ¿ve alleles for locus Cm1A11 (230, 255, 
260, 270 and 276 bp), three alleles for Cm1C8 (239, 
260 and 273 bp), two alleles for Cm1F4 (211 and 
245 bp) and four alleles for Cm1H8 (275, 290, 320 
and 331 pb). Two exclusive alleles in this stock of 
broodstocks were reported for loci Cm1A11 (alleles 
270 and 276 bp) and Cm1H8 (alleles 275 and 331 
bp). The stocks of broodstock B comprised the same 
alleles of the former stock with the exception of 
alleles 270 and 276 bp in locus Cm1A11 and 275 
and 331 bb in locus Cm1H8. This fact reveals a 
smaller genetic variability in the stock. 

The number of alleles in the two stocks of 
broodstocks was lower than that reported by Santos 
et al. (2009) who registered between 13 and 21 
alleles for the same loci in a sample of 25 specimens 
of a wild tambaqui population. Data demonstrate 
that the two stocks of broodstocks did not have a 
great genetic variability between them.

There was a low frequency (< 0.1) of alleles in 
loci Cm1A11 (allele 270 bp = 0.0667 and allele 
276 bp = 0.0667), Cm1C8 (allele 273 bp = 0.0645), 
Cm1F4 (allele 211 bp = 0.0962), Cm1H8 (allele 
331 bp = 0.0962) in the stock of broodstock A. On 
the other hand, the stock of broodstock B failed to 
provide alleles in these conditions. Further, only 

one of the absent alleles in the stock of broodstock 
B did not feature low frequency in the stock of 
broodstocks A (allele 275 bp of locus Cm1H8 = 
0.1923). 

Alleles may be eliminated throughout generations 
due to factors involving selection (intentional 
or not) and effective number of broodstocks 
(POVH et al., 2011). Low frequency alleles in 
the stock of broodstocks A may be eliminated in 
the next generations due to adopted reproduction 
management. These factors are still active in the 
two stocks of broodstocks since three out of four 
exclusive alleles of the stock of broodstock A have 
low frequency. 

The absence of four alleles in the stock of 
broodstock B may be related to the founding effect 
in their formation. Since the stock of broodstocks 
B did not have any low frequency allele, an 
equilibrium in the genetic variability of the two 
stocks of broodstocks may be suggested due to the 
alleles´ number and frequency.

Loci Cm1A11, Cm1C8 and Cm1H8 revealed a 
signi¿cant de¿ciency of heterozygotes (PHW) in 
the two stocks of broodstocks (Table 1). Similarly, 
mean number of loci had the same behavior. Since 
excess of heterozygotes in locus Cm1F4 was not 
signi¿cant, both stocks were within the Hardy-
Weinberg equilibrium for the locus. Analysis of the 
other loci and mean loci reveal that both stocks of 
broodstocks fail to demonstrate equilibrium since 
mean observed heterozygosity (Ho) was smaller 
than expected heterozygosity (HE). However, high 
HO rates indicate a greater genetic variability in the 
stock of broodstocks A.

Changes in Hardy-Weinberg equilibrium with 
heterozygote de¿cit suggests that endogamy may 
be occurring within the two stocks of broodstocks, 
preponderantly in the stock of broodstock 
B. Depending on the adopted reproduction 
management, the situation may occur in ¿sh cultures 
mainly because of mating between kin ¿sh, small Ne

and founding effect (LOPERA-BARRERO et al., 
2015; RODRIGUEZ-RODRIGUEZ et al., 2010).
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Table 1. Observed heterozygosis (HO), expected Heterozygosis (HE), Coef¿cient of endogamy (FIS) and Hardy-
Weinberg equilibrium test (PHW) of microsatellite loci for two stocks of tambaqui broodstocks.

Stock Locus HO HE FIS PHW

A

Cm1A11

Cm1C8

Cm1F4

Cm1H8

Mean

0.5667

0.2903

0.1923

0.3846

0.3585

0.7452

0.4638

0.1772

0.6916

0.5194

0.2267

0.3637

-0.1064

0.4329

0.2292

**

**

ns

**

**

B

Cm1A11

Cm1C8

Cm1F4

Cm1H8

Mean

0.4

0.2188

0.3226

0.0741

0.2539

0.5316

0.4856

0.275

0.3913

0.4209

0.2349

0.5424

-0.1923

0.8071

0.348

**

**

ns

**

**

Genetic divergence reached 0.1120 between the 
stocks, whereas genetic similarity featured 0,894. 
Results reveal that the stocks of broodstocks are 
genetically highly related. They are corroborated by 
FST = 0.05, which indicates low genetic difference, 
according to Wright (1978). Nm = 3.93 indicate a 
genic Àow between the two stocks of broodstocks, 
corroborating the above.

Induced reproduction of the tambaqui among 
kin specimens is not common due to the ¿sh´s 
high fecundity (GALO et al., 2015). Increase 
in endogamy may eliminate important allele 
combinations such as those related to pathogen 
resistance and adaptability. Further, endogamy 
may be an asset to the manifestation of lethal genes 
or those related to deformities or other genetic 
problems that jeopardize offspring feasibility. 

In the case of the founding effect, it may 
be bene¿cent or male¿cent during broodstock 
formation. When it is bene¿cent, the founding 
effect may provide a good genetic constitution 
for broodstocks, good genetic variability and low 

endogamy level in the following generations, if 
reproduction management is adapted. Contrastingly, 
if the founding effect de¿ned an initial bad genetic 
constitution for broodstocks, the problems related 
to low genetic variability and high endogamy are 
prone to emerge in the next generations. 

Results demonstrate that the two stocks of 
broodstocks do not have high genetic variability. 
Further, the two stocks are genetically very similar. 
Early genetic analysis of broodstock, marking 
of broodstocks, the employment of a high Ne and 
in-breeding between genetically more divergent 
specimens are highly relevant to maximize genetic 
variability and minimize endogamy in the next 
generation. The introduction of new genetic matter 
plus new genotypes to the stocks of broodstocks 
may also be employed for the same purpose. 
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