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Abstract The Amur catfish, Silurus asotus, is an eco-
nomically important fish species in East Asia, but few
genetic studies have been conducted on this species,
especially those based on nuclear markers. Here, we iso-
lated and characterized 47 novel polymorphic microsatel-
lite loci in the genome of S. asotus using 454 sequencing.
We screened 70 primers and 48 of them generated ampli-
fication products. Forty-seven of the amplification products
were polymorphic in a population of 40 collected from the
upper Yangtze River. The number of alleles varied from 3
to 15, and the observed and expected heterozygosities
varied from 0.300 to 0.800 and 0.305 to 0.866, respec-
tively. The average polymorphic information content (PIC)
of all loci was 0.682, indicating high levels of polymor-
phism. In addition, cross-species amplification in a con-
gener species, Silurus meridionalis showed a high level of
transferability (79.2 %), which confirmed that the micro-
satellite markers developed here could be used effectively
for other related catfish species.

Keywords Amur catfish - Silurus asotus - Microsatellite -
454 sequencing

The Amur catfish, Silurus asotus, is an economically
important catfish species in East Asia (Froese and Pauly
2012). The annual catches of the species have continued to
drop in recent years, primarily because of overfishing and
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habitat alterations (e.g. Ru et al. 2011; Zhang et al. 2011).
To save this valuable resource, large numbers of molecular
markers, such as microsatellites, are required for use in
molecular marker assisted breeding in this species. How-
ever, very few such data are available for this species to
date (Wu et al. 2011). In addition, traditional methods for
microsatellite development are time-consuming and labor-
intensive (Abdelkrim et al. 2009; Allentoft et al. 2009),
which prohibits high-throughput microsatellite develop-
ment on a genome-wide scale. Recent advances in
sequencing technologies have dramatically increased the
efficiency of microsatellite development, especially the
Roche 454 Genome Sequencer FLX System. In the present
study, 47 novel polymorphic microsatellite loci were iso-
lated and characterized in S. asotus, using 454 sequencing.
These markers will be useful for marker assisted breeding
of S. asotus and related catfish species.

Samples from S. asotus were collected from Yibin
(n = 40) in the upper Yangtze River and stored in 95 %
ethanol. The genomic DNA was extracted from fins using
the DNeasy Blood and Tissue kit (Qiagen). Approximately
10 pg genomic DNA from a single S. asotus individual was
subjected to high-throughput DNA sequencing on 1/4-plate
using the 454 Life Sciences Genome Sequencer FLX
Titanium instrument (Roche). Newbler 2.3 software was
used to assemble the raw sequence reads. All unique
sequences longer than 200 bp were used to screen for
microsatellites using MSATCOMMANDER version 0.8.2
(Faircloth 2008) with default parameters. Only sequences
containing tri- and tetra-nucleotide repeat motifs (at least
10 repeats and eight repeats for each type, respectively)
were used for subsequent primer design.

All the selected primers found to generate polymorphic
PCR products in eight randomly selected individuals from
the Yibin population were used for subsequent genetic
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analysis in the 40 individuals. The PCRs were performed in
12.5 pl of a reaction mixture consisting of approximately
20 ng of genomic DNA, 3 pmol of forward and reverse
primers, 1.25 ul of 10 x buffer, 25 mM MgCl,, 2.5 mM
of dNTP, and 0.5U of rTaq polymerase (TaKaRa). The
basic thermocycling program was one cycle at 94 °C for
5 min, 36 cycles at 94 °C for 30 s, 52-56 °C for 30 s, and
72 °C for 40 s; followed by one cycle at 72 °C for 10 min.
The molecular size of each PCR product was determined in
comparison with the pBR322 DNA/Mspl molecular weight
marker (TTANGEN) on 6 % denaturing polyacrylamide
gel. Gel images were obtained and saved with Gel Doc XR
System (BIO-RAD). In addition, cross-species amplifica-
tion was tested for all 48 successfully amplified microsat-
ellite markers in another congener species, S. meridionalis,
using eight individuals.

Allelic variation at the microsatellite loci in the 40
individuals from the Yibin population were determined
using POPGENE version 1.3.1 (Yeh and Boyle 1997) for
the number of alleles (N,), expected and observed heter-
ozygosity (Hg and Hg, respectively), and the linkage dis-
equilibrium (LD) between loci. The program Arlequin 3.5
(Excoffier et al. 2005) was used to infer the most probable
cause of the Hardy-Weinberg equilibrium (HWE) depar-
tures. The PIC was calculated according to CERVUS
version 3.0.3 (Kalinowski et al. 2007). Various genotyping,
typographic errors, and null alleles were tested using
MICRO-CHECKER v2.2.3 (Van Oosterhout et al. 2004).
The significance level of HWE departures and LD were
corrected using sequential Bonferroni correction (Rice
1989).

Of the 70 primers screened, 48 successfully amplified a
PCR product and 47 were polymorphic. The number of alleles
varied from 3 to 15 (mean = 7.02), and the observed and
expected heterozygosities varied from 0.300 to 0.800
(mean = 0.610) and 0.305 to 0.866 (mean = (0.729),
respectively. Of the 47 polymorphic loci, five showed sig-
nificant departure from the HWE after applying Bonferroni
correction (P < 0.001) (Table 1). Null alleles were observed
at four of the five loci, with the exception of SA37, suggesting
the main reason for the observed deviation from the HWE may
be the presence of null alleles. No linkage disequilibrium was
detected between the loci after sequential Bonferroni correc-
tion. The PIC ranged from 0.276 to 0.897 (mean 0.682),
suggesting that S. asotus Yibin population has a naturally high
genetic diversity. A cross-species amplification test showed

@ Springer

that 38 (including 22 poly- and 16 monomorphic loci) of these
48 loci could be successfully cross-amplified from a congener
species, S. meridionalis (Table 1). The high success rates
(79.2 %) of cross-species amplification confirmed that the
microsatellite markers developed in S. asotus could be used
effectively for other related catfish species. The polymorphic
microsatellite markers described here will provide a valuable
resource for future work on genetic diversity, population
structure, and marker assisted breeding of this species.
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