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Abstract Pterygoplichlhys pardalis is an important

freshwater ornamental fish in the Amazon Basin. Studies

involving populations of P. pardalis are of great importance

for the conservation and management of this species. We

developed nine microsatellite loci and applied them to

investigate the genetic variation of 20 wild individuals from

floodplain lakes of the Solimões river. The number of alleles

per locus ranged from 2 to 12, with an average of 6.6. The

observed and expected heterozygosity values ranged from

0.400 to 0.923 (average 0.706) and from 0.358 to 0.895

(average 0.692), respectively. The value of f ranged from

-0.532 to 0.467 (average 0.032). One locus (Pp07) signifi-

cantly deviated from Hardy–Weinberg equilibrium after

Bonferroni correction (P: (5 %) \ 0.006). No significant

linkage disequilibrium was detected. These microsatellite

loci will contribute towards studies of genetic diversity and

conservation of P. pardalis.

Keywords Pterygoplichlhys pardalis � Genetic diversity �
Wildlife conservation � Microsatellite markers

More than 700 species of the Amazon sailfin catfish

(Siluriformes; Loricariidae) occur in Central and South

America (Wakida-Kusunoki et al. 2007; Ferraris 2007).

The members of the Pterygoplichthys genus occur in the

Orinoco and Amazon river basins (Weber 1992), and are

popular among aquarists due to their algivorous habits and

ornamental features (Levin et al. 2008). The P. pardalis is

a species widely consumed and commercially exploited by

fisherman of the Amazon basin. Expansion of exploitation

of loricariid catfishes all over the world began in the mid-

twentieth century owing to the development of an exces-

sive pet fish trade (Hoover et al. 2004). Species of Ptery-

goplichthys are known as widespread invaders since they

occur in many areas outside their native range, and the

presumed mechanism of introduction is aquarium release

or escape from aquaculture farms (Page and Robins 2006).

We isolated and characterized microsatellite loci for the

Amazon sailfin catfish to contribute to the management,

conservation and control of this species.

Microsatellite loci were developed from a genomic

enriched library following the protocol described by Bil-

lotte et al. (1999). The protocol used for total genomic

DNA extraction was described by Sambrook et al. (1989).

The purified total DNA was digested with RsaI and enri-

ched for (CT)8 and (GT)8 repeats. Enriched fragments were

amplified by polymerase chain reaction (PCR), ligated into

a pGem-T Easy vector (Promega) and then transformed

into competent XL1-Blue Escherichia coli cells. The

positive clones were selected using the b-galactosidade

gene and grown overnight in an HM/FM medium with

ampicillin. Plasmid DNA was purified and 96 positive

clones were sequenced using T7 and SP6 primers as well

as the v3.1 Big Dye terminator kit (PerkinElmer Applied

Biosystems) with an ABI 377 automated DNA sequencer

(Applied Biosystems). A total of 12 primer pairs were
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designed using the program Oligo Explorer v1.2 (Gene

Link, Inc.) and a M13 sequence tail was added in the 50 end

of each forward primer in order to permit the fluorescent

labeling protocol suggested by Schuelke (2000).

These loci were characterized in 20 individuals of P.

pardalis collected in lakes along Solimões River between

the cities of Coari and Manaus (PIATAM Project). The

microsatellite fragments were amplified by PCR in 10 ll

containing 60 ng of genomic DNA template, each forward

and M13 Label primer (FAM) at 0.4 lM, reverse primer at

0.8 lM, PCR Master Mix (29) (Fermentas)—0.05 U/ll

Taq DNA Polymerase in reaction buffer (10 mM Tris–

HCl, pH 8.5 and 50 mM KCl), 4 mM MgCl2, 0.4 mM

dATP, 0.4 mM dCTP, 0.4 mM dGTP and 0.4 mM dTTP.

PCR was carried out with two steps: denaturation (94 �C,

1 min) followed by 25 cycles of 20 s at 94 �C, 20 s at

56 �C (specific annealing temperature, Table 1), and 30 s

at 68 �C; the second step consisted of 20 cycles with the

following time and temperature profile: 20 s at 94 �C, 20 s

at 53 �C, 30 s at 68 �C, and a final extension at 72 �C for

3 min. Amplifying products were checked by electropho-

resis on 1 % agarose gels containing 0.1 mg ethidium

bromide/ml in 19 TBE buffer (pH 8.0). The products from

each PCR (1.0 ll) were analyzed on an ABI 3130xl

Sequencer and sized using the GeneScan-500 LIZ internal

size standard and scored using GeneMapper version 4.0

(Applied Biosystems) software.

Out of 12 microsatellite loci developed for P. pardalis,

nine were polymorphic (Table 1) and three monomorphic.

The number of alleles, the observed (HO) and expected

(HE) heterozygosity and fixation index (f) were calculated

using Genetix v4.05.2 (Belkhir et al. 2004). The test for

conformity to the Hardy–Weinberg expectation (HWE)

and linkage disequilibrium (LD) between all pairs of loci

were calculated using GDA v1.1 (Lewis and Zaykin 2000).

The polymorphism information content (PIC) was calcu-

lated using Cervus v3.0.3 (Kalinowski et al. 2007). Signifi-

cance levels were adjusted to the number of simultaneous

tests using sequential Bonferroni correction (Rice 1989).

The number of alleles per locus ranged from 2 to 12, with

an average of 6.6 alleles per locus (Table 1). Polymor-

phism information content (PIC) ranged from 0.294 to

0.880. Observed heterozygosity (HO) and expected heter-

ozygosity (HE) ranged from 0.400 to 0.923 (average 0.706)

and 0.358 to 0.895 (average 0.692), respectively. Values of

f ranged from -0.532 to 0.467 with average of 0.032. Only

one loci (Pp07) showed significant deviation from the

Hardy–Weinberg equilibrium (HWE) after Bonferroni

correction (P: (5 %) \ 0.006), and probably this deviation

occurred due to the presence of null alleles as suggested by

the program Micro-Checker (van Oosterhout et al. 2004).

Other possible reasons for the deviation from HWE might

be the Wahlund effect or the small sample size. No

significant linkage disequilibrium (LD) was detected

among all pairs of loci. These nine polymorphic micro-

satellite loci are potential tools for genetic studies of wild

populations of P. pardalis.
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