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TECHNICAL NOTE

Polymorphic microsatellite DNA markers for the ark shell
Scapharca subcrenata (bivalve: Arcidae)

Y. Chen - H. J. Ji - S. X. Xu - Z. W. Zhang -
F.

S.
X. F. Xu

Received: 23 September 2008 / Accepted: 9 October 2008 / Published online: 30 October 2008

© Springer Science+Business Media B.V. 2008

Abstract We have isolated and characterized twelve
novel polymorphic microsatellite loci from Scapharca
subcrenata to analyse the population structure. The number
of observed alleles per locus ranged from 3 to 17. Observed
heterozygosity (Hp) ranged from 0.321 to 0.929. Cross-
species amplification was tested successfully in three other
bivalve species. These microsatellite markers will be useful
for genetic diversity studies of S. subcrenata and other
Lamellibranchia species.
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The ark shell Scapharca subcrenata is a benthic bivalve
distributed along the shallow coasts of China, Japan, and
Korea. In China this natural resources has been reduced
dramatically due to the unsustainable exploitation and
environment impact over the last two decades. To ensure
the containable development, studies have been carried out
about its reproductive biology and artificial breeding
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(e.g., Jiang et al. 2006; Chen et al. 2006), and the genetic
variation of isozyme was analyzed among three popula-
tions of S. subcrenata (Li et al. 2007). However, our
understanding about this species’ population level, its
genetic structure and gene flow is still limited. Efforts to
conserve genetic diversity of this species require a better
understanding of the genetic architecture of its populations,
and more appropriate genetic markers could play an impor-
tant role in this field. Microsatellite markers are useful for
informing animals genetic diversity levels in populations
because of their high polymorphism and codominance.
Here we characterize 12 polymorphic microsatellite loci in
S. subcrenata.

Microsatellite loci were isolated using an enrichment
protocol modified from Gardner et al. (1999). Samples
were collected from Nantong, China. Genomic DNA was
extracted from the adductor muscle of one individual using
the DNeasy Tissue Kit (QIAGEN). DNA was then digested
with the restriction enzymes Msel (NEB) and ligated
simultaneously to adaptors: oligol: 5-TACTCAGGACTC
AT-3’ and oligo2: 5'-GACGATGAGTCCTGAG-3' at 37°C
for 4 h. The ligated fragments were polymerase chain
reaction (PCR) amplified using the Mse-N primer (5'-GA
TGAGTCCTGAGTAAN-3"). Fragments of 300-800 bp
were selected and hybridized to two biotinylated oligonu-
cleotide probes (CA);s and (GA),5 at room temperature for
30 min, and then captured by streptavidin-coated magnetic
beads (Promega). Nonspecific binding and unbound DNA
was removed by several nonstringent and stringent washes.
These microsatellite-enriched DNA fragments were PCR-
amplified again and then ligated overnight at 4°C into
pGEM-T Easy vectors (Promega), and followed by trans-
formation into JM109 competent cells. Transformed cells
grew at 37°C for 16 h on LB agar plate containing ampi-
cillin (100 mg/ml), X-gal and IPTG for blue/white
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Table 2 Results obtained from cross-species amplification tests on three bivalve species
Species Locus

N247 N263 N265 N268 N554 N560 N590
Mactra veneriformis + + + + - + +
Meretix meretrix — + — + + — +
Coelomactra antiquate + + + — + + +

+, successful amplification; —, unsuccessful amplification

selection. Twenty-nine positive clones were screened and
sequenced, and 21 contained repetitions.

Twenty primer sets were designed in the flanking regions
using the PRIMER 3 software (Rozen and Skaletsky 2000)
and synthesized, and one primer in each pair was modified on
the 5" end with a LI-COR’s M13 {-29 sequence (5-CACG
ACGTTGTAAAACGAC-3') to allow use of a third primer
in the PCR for producing labelled DNA fragments. These
primers were tested for polymorphism on 30 wild individuals
collected from Nantong. Genomic DNA was extracted with
Genomic DNA MiniPrep kit (AxyPrep). PCR amplification
conditions were optimized using a PTC-200 thermocycler
(MJ Research). PCR amplifications were conducted in 20 pl
volumes containing about 50 ng template DNA, 10 pl Ex
Taq premix buffer (TaKaRa), 0.8 uM of each primer, and
0.5 pmol of fluorescently labelled M13 primer (either
IRD700 or IRD800 (LI-COR)). The conditions for amplifi-
cation were 8 min at 94°C followed by 34 cycles of 40 s at
94°C, 50 s at the annealing temperature (Table 1) and 30 s at
72°C with a final extension time of 8 min at 72°C. PCR
products were electrophoresed and visualized on 6.5%
polyacrylamide gels using a LI-COR 4300 DNA analyzer.
Results were analyzed using LI-COR SAGAST software.

CERVUS 2.0 software (Marshall et al. 1998) was used to
calculate the number of alleles, polymorphic information
content (PIC), and observed and expected heterozygosities at
each polymorphic locus. The characteristics of each locus
were shown in Table 1. Tests for linkage disequilibrium
(LD) and deviations from Hardy—Weinberg equilibrium
(HWE) were performed using GENEPOP 3.4 (Raymond and
Rousset 2004). Five loci showed significant deviations
from HWE, and no LD was detected between any two
loci (P > 0.05 for all comparisons). We used MICRO-
CHECKER (van Oosterhout et al. 2004) to check microsat-
ellite data for null alleles and scoring errors. Results reveal
that the general excess of homozygotes present at the five loci
was most likely due to null alleles. Homozygotes excess of
S. subcrenata was also shown in the allozyme loci analysis
(Lietal. 2007). Phenomena of higher null alleles frequencies
have been reported in many bivalve microsatellite DNA
studies (McGoldrick et al. 2000; Hedgecock et al. 2004;
Reece et al. 2004; Kelly and Rhymer 2005; Zhan et al. 2007).

Using the PCR conditions described in the preceding
text, these 12 loci were also tested preliminarily in 3 other
bivalve commercial species: Meretix meretrix, Mactra
quadrangularis and Coelomactra antiquate. PCR products
were separated on agarose gels and inspected by naked eye,
and most microsatellites isolated from ark shell gave an
amplification product in these species tested (Table 2).

The result obtained in this study indicates that the
microsatellites developed here are highly polymorphic and
differentially represented in three bivalve species, and they
should be useful for further studies of conservation genetics
and other applications in ark shell as well as some other
bivalves.
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