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Abstract Pacu (Piaractus mesopotamicus) is a Neotrop-

ical freshwater fish threatened by overfishing, and one of

the species of highest commercial value for aquaculture.

Genetic variability analysis through molecular markers is

an essential technique to genetic management of the wild

and cultivated stocks. The main objective of this study was

to identify and validate gene-associated SNPs of the liver

transcriptome of pacu. Through genetic analysis in one

natural population (Paraná River), 32 polymorphic SNPs

were successfully genotyped and validated, some of them

related to immune system genes. The observed and

expected heterozygosity ranged from 0.059 to 0.706 and

0.058 to 0.507, respectively. All loci were in Hardy–

Weinberg equilibrium (P[ 0.05). Our results showed

useful genomic resources for pacu, with applicability in

conservation purposes and aquaculture industry by using

SNPs markers.

Keywords NGS � Pacu � Aquaculture � Genetic
variability

Pacu (Piaractus mesopotamicus) is a Neotropical fresh-

water fish widely distributed in floodplain areas of the La

Plata Basin. Wild populations of pacu are threatened by

overfishing (Resende 2003), particularly in Brazil (in São

Paulo State, according to the Decree n8 56.031, SSP, 2010),
since this species is considered of high commercial value,

with large-scale catches by the industrial and recreational

fisheries (MPA 2011; IBGE 2014). Furthermore, this non-

model fish is very important for aquaculture and represents

one of the most cultivated species in Brazil, and in aqua-

culture from other countries in South America (Colombia,

Peru, Venezuela and Argentina) and Asia (China, Myan-

mar, Thailand and Vietnan) (Flores Nava 2007; Honglang

2007; FAO 2010).

Genetic studies directed to this species are still insuffi-

cient and limited in few microsatellites and mitochondrial

sequences (Calcagnotto and DeSalle 2009; Iervolino et al.

2010). SNPs (Single Nucleotide Polymorphisms) are

caused by point mutations distributed throughout the gen-

ome and they have been frequently used in fish genetic

studies (Vera et al. 2013; Zhang et al. 2015; Liu et al.

2016). Moreover, this marker is considered the most

adaptable to automation genotyping and able to reveal

hidden polymorphisms not detected in others molecular

markers (Liu and Cordes 2004). Therefore, due to envi-

ronmental concerns and economic importance to aquacul-

ture production, the purpose of this study was to develop

SNPs marker by liver transcriptome sequencing in pacu,

which may provide a better understanding of population

structure of this species and the first base information about

economically relevant traits for future molecular assisted

breeding.

To perform the transcriptome sequencing, samples were

collected from liver of individuals (5 juveniles and 5

adults) from three different fish farms and in one wild

population, and sequenced on Roche/454 pyrosequencing

platform. We obtained 212,545 trimmed reads which were
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deposited in Short Read Archive (SRA) of NCBI, under the

accession number SRA312243. De novo assembly strategy

was performed using CLC Genomics Workbench (version

7.5.1; CLC bio; Aarhus; Denmark) and yielded 4110

assembled transcripts, as a result of 193,247 reads over-

lapped (71,581,413 bp) and N50 of 871 bp. Functional

annotation was attributed to assembled transcripts by

BLASTX (cutoff e-value 1E-3) through homology searches

against NCBI nonredundant protein database, using Blas-

t2Go software. A total of 2051 sequences was identified

with the highest homology to Astyanax mexicanus

sequences. We found 1665 annotated sequences with

Interpro accession numbers and 1773 sequences classified

in gene ontology (GO) terms, where cellular and metabolic

process were highly represented (Fig. 1). Meanwhile, we

have still identified 619 enzyme code numbers from KEGG

mapping results which revealed a total of 1023 transcripts

mapped to 111 different enzyme pathways, being the most

frequent related to purine metabolism, thiamine metabo-

lism and biosynthesis of antibiotics.

SNP calling was performed using CLC Genomics

Workbench (version 7.5.1; CLC bio; Aarhus; Denmark). In

total, 802 putative SNPs were found in 229 transcripts

(Table 1). Abundant and repetitive SNPs in small areas

were excluded. After the filtering step, we identify 464

SNPs. For gene location of the SNPs, ORF (Open Reading

Frame) regions were found by comparing the sequences

against the NCBI protein database (cutoff evalue 1E-10):

330 (71.1 %) SNPs were distributed in coding regions

(cds), being 233 synonymous (50.2 %) and 97 non-syn-

onymous (20.9 %); 80 SNPs (17.2 %) were located in

30UTR and 46 (10.0 %) in 50UTR.
50 SNP loci (2 Multiplex) were selected to perform

validation and genotyping analysis with the Sequenom

MassARRAY platform, in CeGen (Genotyping National

Center, Santiago de Compostela, Spain). The technique is

increasingly used in the genotyping of SNPs in fish

Fig. 1 Gene ontology categories of Piaractus mesopotamicus sequences

Table 1 Putative SNPs identification parameters, through de novo

assembly of the pacu (Piaractus mesopotamicus) transcriptome

SNP features Value

Contig with SNPs 229

Contig average length (min–max) (bp) 1461.8 (209–5150)

SNP amount 802

SNP per kilobase 2.4

Average coverage of reads (min–max) 54.8x (15–1619x)

Transitions

A-G 301 (37.5 %)

C-T 267 (33.3 %)

Transversions

G-T 72 (9.0 %)

A-C 61 (7.6 %)

A-T 52 (6.5 %)

C-G 49 (6.1 %)

Transition:transversion ratio 2.43
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(Willians et al. 2010; Salem et al. 2012) and consists of an

extension reaction in which one primer is annealed

immediately above the existing polymorphism, that by

mass spectrometry, the mass of extended primer is deter-

mined (Gabriel and Ziaugra 2004). Some genes of the

genotyped SNPs were related to immune system, such

vitronectin-like (C1013_445), coagulation factor V

(C238_1041) and glutathione S-transferase (C627_936)

genes (Table 2).

Statistical genetic parameters to describe the Paraná River

population (São Paulo State, Brazil) were obtained through

the validation process of 32 feasible polymorphic SNPs

(64 %) in 34 individuals (Table 2). The observed (Hobs) and

expected heterozygosity (Hexp) were calculated using Cervus

3.0.7 (Marshall et al. 1998). Inbreeding coefficient (Fis),

minimum allele frequency (MAF) parameters, conformance

to Hardy–Weinberg equilibrium (HW) and Linkage dise-

quilibrium were performed using Genepop 4.0.11 (Raymond

and Rousset 1995). Fis parameters were estimated regards

Weir and Cockerhsam (1984). The observed and expected

heterozygosity ranged from 0.059 to 0.706 and 0.058 to

0.507, respectively. MAF ranged from 0.029 to 0.485.

Deviation of Hardy–Weinberg equilibrium was not signifi-

cant after Bonferroni correction (P[ 0.0015). Significant

linkage disequilibrium (LD) was observed between the loci:

C178_243/C191_480, C417_302/C41_428, C1013_445/

C585_507, C1013_445/C87_1726 and C239_1594/C87_

1726. Negative values of Fis values were predominant

(heterozygote excess). The present study increases signifi-

cantly the genetic resources for pacu (Piaractus

mesopotamicus), a non-model warmwater species used in

aquaculture of several countries, which has high market

value, but threatened by overfishing. Furthermore, our SNPs

set are useful for pre-breeding genetic programs, particularly

to delineate the formation of the best families in terms of

genetic variability, as well as to detect genetic structure of

wild and farmed stocks of pacu.
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