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ABSTRACT. We isolated and characterized 14 polymorphic microsatellite loci in the Japanese anchovy (Engraulis japonicus) using a
(GT)13-enriched genomic library. The numbers of alleles per locus
ranged from 6 to 31, with a mean of 17.8. The observed and expected heterozygosities ranged from 0.180 to 0.949 and from 0.172
to 0.966, with means of 0.731 and 0.825, respectively. All 14 loci
were in Hardy-Weinberg equilibrium and no significant linkage
disequilibrium between loci pairs was detected. These microsatellite markers will be useful for analyzing the population genetic
structure and gene flow of E. japonicus.
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INTRODUCTION
The Engraulis japonicus anchovy is a small pelagic, schooling fish widely distributed in the northwest Pacific from southern Sakhalin Island, Russia to Guangdong, China
(Liu et al., 2006). In the 1990s the anchovy fishery in China was a major part of the China’s
marine fishing industry with the largest annual landing of 1.37 million tons in 1998 (Jin et
al., 2001). The E. japonicus anchovy is also regarded as an ecologically key species because
it is an important food source for high-valued fish such as the Spanish mackerel, small yellow croaker and tailfish. However, the anchovy stock in China has drastically declined over
the last decade mainly due to overexploitation and environmental changes (Jin et al., 2001).
Characterizing the population structure of E. japonicus may lead to a better understanding
of the effect on overexploitation and environmental changes and give new insights into
maintenance and efficient management of anchovy resources.
Pelagic marine fishes generally show low levels of genetic differentiation among
geographic regions due to the lack of physical barriers to genetic exchange in “open” oceans
and their biological characteristics such as large population size and relatively long planktonic early life stages (Liu et al., 2006; Zhan et al., 2009). Among molecular markers, microsatellite markers are seen as the best way to identify population structure in pelagic
marine fishes because of their hypervariability, abundance, neutrality, codominance, and
unambiguous scoring of alleles (Tautz, 1989; Zhan et al., 2009). Previously, six polymorphic microsatellite loci were isolated to examine the population structure of two geographic
populations in Taiwan (Chiu et al., 2002; Yu et al., 2002). Here we describe the development
of an additional 14 loci that will increase the power available for detecting fine-scale population genetic structure and gene flow of E. japonicus.

MATERIAL AND METHODS
Forty individuals were collected from Qingdao, China. Samples were preserved
at -20°C until DNA extraction. A dinucleotide-enriched genomic library was constructed
following Ma’s method (Ma and Chen, 2009). In brief, genomic DNA was extracted from
muscle tissue and digested with MseI restriction enzyme (New England Biolabs, USA).
The DNA fragments were ligated to the adapters (5'-TAC TCA GGA CTC AT-3'/5'-GAC
GAT GAG TCC TGA G-3'). Then the ligated products were pre-amplified in a 25-μL
reaction system using the adapter specific primer (5'-GAT GAG TCC TGA GTA A-3')
to verify successful ligation and increase DNA concentration. Bio-labeled probes (GT)13
were applied to hybridize with the products from pre-ampliﬁcation. Subsequently, the hybrids were captured by the streptavidin-coated magnetic beads (Promega, USA), and the
obtained DNA fragments eluted from the magnetic beads were ampliﬁed by the adapter
specific primer. The final ampliﬁcation products were ligated into the pMD 18-T vectors
(TaKaRa, Japan) and transformed into Escherichia coli DH5α competent cells. The positive clones were randomly sequenced by ABI Prism 3730 automated DNA sequencer (Applied Biosystems, USA). Microsatellite repeats were found in 282 of sequenced clones.
Polymerase chain reaction (PCR) primer pairs were designed to amplify 149 microsatellite loci with suitable flanking regions using the PRIMER PREMIER 5 software (Premier
Biosoft International, USA).
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The designed primers were evaluated by 40 individuals of E. japonicus. PCR
was performed on a Veriti Thermal Cycler (Applied Biosystems) in a total volume of 25
μL concluding 0.4 μM each primer, 0.2 mM each dNTP, 1X PCR buffer, 2 mM MgCl2,
1 unit Taq polymerase (Fermentas, USA) and 10-100 ng DNA. The PCR cycling profile
consisted of one cycle at 94°C for 5 min, 35 cycles of 45 s at 94°C, 1 min at the locusspecific annealing temperature (Table 1), 45 s at 72°C, and a final cycle of 10 min at
72°C. The PCR products were separated on 6% denaturing polyacrylamide gel, and visualized by silver staining. The size of allele was estimated according to the pBR322/
MspI marker (TianGen, China). The observed and expected heterozygosities together
with tests for Hardy-Weinberg equilibrium and linkage disequilibrium were calculated
by GENEPOP 4.0 (Rousset, 2008). Null allele frequencies (Brookfield, 1996) were calculated by MICRO-CHECKER 2.2.3 (Van Oosterhout et al., 2004). All results for multiple tests were corrected using Bonferroni’s correction (Rice, 1989).

RESULTS AND DISCUSSION
Forty-two loci were reliably ampliﬁed and showed polymorphism. The observed genotypes deviated from Hardy-Weinberg expectations in 27 loci after Bonferroni’s correction (P
< 0.0012), resulting from heterozygote deficiency. Null alleles may be present in 17 loci (null
allele frequency >10%). As a result, there were 14 loci without deviation from Hardy-Weinberg equilibrium or high frequencies of null alleles. Among these 14 reliable loci, the numbers
of alleles per locus ranged from 6 to 31, with an average of 17.8. The observed and expected
heterozygosities ranged from 0.180 to 0.949 and from 0.172 to 0.966, with an average of 0.731
and 0.825, respectively (Table 1).
Twenty-seven of 42 loci deviated from Hardy-Weinberg equilibrium in this study.
Similar results were reported in the previous microsatellite marker developments of E. japonicus and E. encrasicolus, where 5 of 6 and 3 of 5 loci deviated significantly from HardyWeinberg equilibrium, respectively (Chiu et al., 2002; Landi et al., 2005). As analyzed, there
are three possible causes for the deviation from Hardy-Weinberg equilibrium: 1) high ratio of
allele number to sample size, which is beyond the appropriate parameter space for these tests
(Rubin et al., 2009); 2) the presence of null alleles (Chiu et al., 2002; Landi et al., 2005), and
3) the subpopulations existing in the sample (Wahlund effect) (Chiu et al., 2002; Landi et al.,
2005). Nevertheless, in the microsatellite marker development of E. encrasicolus, Pakaki et
al. (2009) reported that all 11 microsatellite loci were in Hardy-Weinberg equilibrium except
for one locus in a test population and two loci in the other test population, which may be
related to how the markers were developed. First, only those loci with fewer than 14 uninterrupted repeats were selected for primer design; second, only those primer pairs that performed well in genotyping were used to screen for polymorphism in the two test populations.
Consequently, most loci deviating from Hardy-Weinberg equilibrium actually were ignored.
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Ta (°C)

176-308

238-314

252-282

248-360

176-202

200-272

282-348

288-320

239-300

196-282

250-390

238-260

139-207

260-310

Allele size range (bp)

28

20

13

31

10

18

21

10

16

22

21

6

23

17

NA

HO

0.811

0.711

0.650

0.919

0.737

0.711

0.949

0.622

0.769

0.796

0.938

0.180

0.704

0.736

HE

0.959

0.879

0.826

0.966

0.781

0.856

0.922

0.797

0.848

0.935

0.929

0.172

0.789

0.897

PHW

0.012

0.037

0.014

0.407

0.042

0.004

0.494

0.027

0.173

0.016

0.568

1.000

0.788

0.004

HQ259931

HQ259930

HQ259929

HQ259928

HQ259927

HQ259926

HQ259925

HQ259924

HQ259923

GU214202

GU214197

GU214189

GU214188

GU214184

Genbank accession No.

Ta = optimized annealing temperature; NA = number of alleles; HO = observed heterozygosity; HE = expected heterozygosity; PHW = Hardy-Weinberg probability
test.

Enja227

Enja226

Enja220

Enja181

Enja148

Enja135

Enja106

Enja83

Enja2

Eja183

Eja85

Eja31

Eja30

F: CCATTCAACTCCTCCCCAAGC
(CA)7
R: GGCTCTTCAGCTCCCTGAGAC
F: AATGTTCTTTGCTTCAGGGTA
(TG)5(GT)5
R: ACTTGATAGATTGTGGGATGT
F: CTAACTGCTGGCATTTGGAT
(GT)5
R: CACTAAGCGGTCATCTCCAT
F: CACTCAAGGGTGTCAATC
(CG)5(CA)38
R: TGTGGCTACAGGCTATCT
F: GAACCCACTTGTACAGGTA
(TCA)13
R: GATAACTAGCCGTTGAATC
F: GCTCTAATGGTTGGTGGGA
(TC)6(TG)5
R: CAGCAAAAGAGTCATTCACG
F: AAGGGACATCGGGTAGTGA
(AC)6(TG)7
R: AAGGCAAGTTCTCAGACGAG
F: TTATGGGACAATAGTAGGG
(AC)5GCAA(AC)5
R: TCTTCAGCGTCTAAAGAA
F: ACGTCAATAATTGGGATAG
(TG)10
R: GTAATAAGCCAAGAACACG
F: CTCCATCTTCCGTATTCT
(TG)6
R: GTAAATGATGTTGATGCTAA
F: ACAATGGGTTTGGACAAG
(TC)6AC(CT)10GACT(TC)5
R: TCTACTACTGATGGCTTTCTC
F: GCCTATCCATAAGGGTCC
(TG)15
R: AATGTAAAGCATGAAAGAG
F: ATGAATGCTTACCACCAC
(TG)6(CG)2(TG)7
R: TACAAACTCATTACAGAGGC
F: CCTGGTAGATATGCCTTCG
(TCAA)19
R: TGAGTCAACTGTGGGATGG

Eja17

Repeat motif

Primer sequence (5'-3')

Locus

Table 1. Characteristics of microsatellite loci in Engraulis japonicus.
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