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ABSTRACT

Lamprotula leai is one of the most commercially
important freshwater pearl mussels in China, but
there is limited data on its genetic diversity and
population structure. In the present study, 119
individuals from four major geographical populations
were investigated using 15 microsatellite loci
identified via cross-species amplification. A total of
114 alleles were detected, with an average of 7.6
alleles per locus (range: 2 to 21). Among the four
stocks, those from Hung-tse Lake and Poyang Lake
had the lowest (0.412) and highest (0.455) observed
heterozygosity respectively. The polymorphism
information content (PIC) ranged from 0.374 to
0.927 (mean: 0.907). AMOVA showed that 12.56%
and 44.68% genetic variances were among
populations and within individuals, respectively.
Pairwise Fst ranged from 0.073 to 0.146, indicating
medium genetic differentiation among the populations.
In aggregate, our results suggest that inbreeding is a
crucial factor accounting for deviations from Hardy—
Weinberg equilibrium at 12 loci. Moreover, the
genetic distance among four stocks ranged from
0.192 to 0.890. Poyang Lake and Hung-tse Lake
were clustered together, joined with Dongting Lake
and Anqing Lake. Given that specimens from Hung-
tse Lake showed the highest average allele richness,
expected heterozygosity and PIC, this location may
be the source of the highest quality germplasm
resources and the stock from this area may be the
best for future breeding efforts.
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INTRODUCTION
Genetic diversity is important for sustainable exploitation of

cultured resources (Afanas’ev et al, 2006; Laikre et al, 2005),
especially as the exploitation of aquatic stocks and
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environmental degradation of habitat becomes more
commonplace. Higher levels of genetic diversity among these
stocks often grants them greater ability to respond to
environmental changes, artificial selection and pathogen
infection, all of which tend to occur in during intensified
aquaculture (Liu & Yao, 2013; Wu et al, 2013). For example,
Lamprotula leai is an endemic species distributed in large and
medium rivers and lakes across China (Hu, 2005) that are
widely used in pearl aquaculture and indigenous handicrafts
due to their large shell, strong ability to secrete pearls, and
thick nacre (Wang et al, 2007). Likewise, this mussel is widely
consumed as food throughout China (Liu et al, 1979). Despite
the importance of this species, little is known about the current
state of its genetic diversity, except that among cultured species
there is germplasm degradation and general declines genetic
diversity, potentially due to intensive farming and the method of
cultivation (Ling, 2005). Due to the intensive cultivation of this
species, it is now listed as a first-class protected aquatic wildlife
species in Anhui province and second-class protected species
in Hubei province (Xu et al, 2012).

To date, most of the research into L. leai has focused on
age and growth (Ling et al, 2005), conservation biology (Ling,
2005), embryonic development (Zhang et al, 2009), abnormal
development and effective accumulated temperature of
parasitic glochidium (Zhang et al, 2010a), and growth and
development of juvenile mussels (Zhang et al, 2010b).
However, little work has been done on this species’ genetic
diversity and population structure. One strategy to improve
our understanding of population structure and genetic
diversity of many aquaculture species is molecular analysis
(Liu & Corde, 2004). Microsatellite markers have been shown
to be suitable tools to assess genetic diversity because of
their intrinsic genetic characteristics, including high
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polymorphism, stability and specificity, and co-dominant
inheritance (Sun et al, 2008). More promisingly for studying L.
leai, microsatellites have been previously used to analyze
genetic diversity in several mollusks, including Hyriopsis
cumingii (Ji, 2007), Cristaria plicata (Ji et al, 2007), Pinctada
martensii (Yan et al, 2009), and Anodonta woodiana (Wang et
al, 2011a). To date, 18 pairs of microsatellite primers have
been isolated using magnetic bead hybridization and 5'-
anchored PCR methods (Xu et al, 2011, 2012). In this study,
we used these microsatellites to analyze the genetic
relationships among four different stocks of L. /eai and provide
a novel theoretical basis for genetic resource protection and
genetic management.

MATERIALS AND METHODS

Sample collection and DNA isolation

Freshwater mussel specimens originating from four
geographical locations across China—Poyang Lake (PY),
Dongting Lake (DT), Hung-tse Lake (HZ), and Anging Lake
(AQ)—were obtained from the Weiwang Pearl Cultivation
Base in Zhejiang Province (Figure 1), with 31, 31, 28, and 29
samples respectively from PY, DT, HZ and AQ (Hale et al,
2012). Genomic DNA was extracted from muscular tissue
following a standard phenol: chloroform protocol as published
previously (Sambrook & Russell, 2001).
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Figure 1 Sampling locations of four Lamprotula leai stocks in China

Microsatellite amplification in L. leai

We used microsatellite primers published for H. cumingii (Bai
et al, 2009; Li et al, 2007; Luo, 2006; Wang et al, 2006; Xu et
al, 2010; Zhu et al, 2010) and other species closely related to
L. leai (Ji, 2007; Launey & Hedgecock, 2001). A total of 107
candidate primer pairs (see supplemental Table 1, supporting
information of http://www.zoores.ac.cn/) were synthesized
(Shanghai Sangon Company) and each microsatellite was
amplified in a 25 yL PCR containing 50 ng of DNA, 1 L each
of 10 ymol/L primer, 2.5 L of 10x buffer, 2 uyL of dNTP
(10 mmol/L), 1 U of Taq polymerase (5 U/uL), and 17.3 pL of
ddH,0. PCR was conducted under the following conditions: 4
min denaturation at 94 °C 32 cycles of 30 s at 94 °C, 30 s at
specific annealing temperatures, and 30s at 72 °C; and a
final extension at 72 °C for 10 min. PCR products were
electrophoresed on 2% agarose gel, using 0.5% TBE buffer.
Fragment sizes were determined by gel imaging analysis
based on DNA Marker (®X174-Hinc Il digest). Finally
genotypes were exported to Excel tables for data analysis (An
etal, 2012).

Data analysis
The allele number (N4) and observed (Ho) and expected (Hg)
heterozygosity were analyzed using Popgene 1.32 (Yeh et al,
1999). Allele richness (Ag) was calculated using FSTAT 2.9.3
(Hered, 1995). Since allele number is influenced by sample
size, we used allele richness for comparison (Yan & Zhang,
2004). Deviations from Hardy-Weinberg equilibrium (HWE)
and linkage disequilibrium were estimated using Genepop 4.2
(Rousset, 2008). Meanwhile the Bonferroni correction was
conducted using SPSS 18.0. The presence of null alleles was
detected using Micro-checker 2.2.3 (Van Oosterhout et al,
2004). Polymorphism information content (PIC) was then
confirmed using Microsatellite Toolkit (Zhang et al, 2010c).
The F-statistics (Fis, Fst, and Fit) and gene flow (N,) were
calculated by Genetix 4.05. AMOVA was conducted using
Arlequin 3.1 to estimate genetic variation within and between
populations as well as for individuals (Excoffier et al, 2005).
Popgene 1.32 was used to calculate Nei’'s unbiased genetic
distance between populations (Nei, 1978). A UPGMA system
evolutionary tree was constructed using MEGA 5.05.
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RESULTS

A total of 15 polymorphic microsatellite loci were detected
from 107 candidate primer pairs in the four tested stocks of L.
leai via cross-species amplification. The values of Na, Ag, Ho,
He, PIC and P for testing HWE (Pw.w) at each locus in each
stock are presented in Table 1. Totally, 114 alleles were
detected. The allele number at each locus ranged from 2 to
21 (mean: 7.6). Overall, specimens from HZ showed the
highest average allele richness (7.743). PIC values for the
four stocks ranged from 0.374 to 0.927 (mean: 0.907).
Collectively, stocks from DT (0.412) and AQ (0.455) had the
lowest and highest Ho, respectively, while AQ had the lowest
He (0.791) whereas HZ had a relatively high Hevalue (0.868).
When the four stocks were treated as one population, no
significant linkage disequilibrium among the loci was detected
(P>0.05), though 12 loci showed significant (P<0.05) or highly
significant (P<0.01) deviations from HWE (Table 1).

F-statistics for 15 microsatellite loci among all four L. leai
stocks placed the mean values of Fis, Fst and Fit at 0.462,
0.523 and 0.114, respectively. Pairwise comparisons revealed
that the Fst ranged from 0.073 to 0.146 (0.05<Fst<0.15),
indicating a medium differentiation among the four
populations that was moderately closer to no differentiation
(Wright, 1965). The number of migrats per generation (Nm)
ranged from 1.46 to 3.18 (Table 2).

AMOVA analysis showed that most (44.68%) of the genetic
variation originated within individuals with only 12.56%
variation between the four tested populations (Table 3). The
genetic distance matrix data indicated that PY and HZ
populations had the smallest genetic distance (0.192) and the
highest genetic similarity (0.563). Likewise, populations from
DT and PY showed the greatest genetic distance (0.890) and
lowest genetic similarity (0.287) (Table 4). The UPGMA
dendrogram further showed that PY and HZ grouped together
and then gathered with DT and AQ, which clustered together
(Figure 2).

Poyang
Hung-tse

— Dongting
L Anging

—

02 0.0

Figure 2 UPGMA dendrogram based on Nei’s genetic distances
among Lamprotula leai stocks

DISCUSSION

Genetic diversity within populations

Higher levels of genetic diversity among intensively cultivated
stocks of aquatic species typically grants enhanced
evolutionary potential for dealing with enviromental change,
artificial selection, and pathogen infection (Liu & Yao, 2013;
Wu et al, 2013), thereby improving yields and minimizing
economic losses associated with these factors. In the present
study, we wanted to provide basic data on the genetic
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diversity and stock structure of L. leai using microsatellite
markers to provide a foundaion for a more comprehensive
genetic resource protection and genetic management.
Previous studies found that sample size do not always
correlate with expected heterozygosity, which can be a
comparison parameter (Maudet et al, 2002; Sun, 1996).
Compared with other mollusks, L. leai showed a higher than
expected heterozygosity. Previously, Li et al (2009) used eight
microsatellite markers to investigate the genetic status of H.
cumingii, with an expected heterozygosity of H. cumingii in PY
at 0.706, which was less than the value for L. leai (0.835) that
we arrived at in this study. Shen et al. (2013) had previously
isolated 14 polymorphic loci for Mytilus coruscus with an
expected heterozygosity averaged at 0.82, while Xu et al
(2011) estimated the mean expected heterozygosity 0.683
and 0.759 using magnetic bead hybridization and 5-anchored
PCR methods to isolate microsatellite markers of L. leai. The
disparity in these disparate findings suggests that cross-
amplification may be more effective as compared with other
methods. This supposition is supported by our present results,
we showed that the overall level of heterozygosity was high
and the PIC of 15 loci in this study showed high polymorphism
(PIC>0.5). Together, these findings indicated that the stocks of
L. leai have abundant genetic diversity (Botstein et al, 1980),
but also that microsatellite loci can be used to analyze the
genetic diversity and structure of mollusks like L. leai. More
specifically, our findings showed that specimens from Hung-
tse Lake had the highest Ag, average He and PIC, suggesting
specimens from this location have a potentially larger amount
of genetic resources, making them ideal candidate for future
breeding efforts in China.

Genetic differentiation among populations

Genetic differentiation is commonly measured by Fst, Nm and
genetic distance. Pairwise comparisons revealed medium
genetic differentiation among the populations. AMOVA
analysis also showed a 12.56% variation existed among these
stocks (Wang et al, 2011b). Genetic differentiation can be
caused by several different factors, including migration,
genetic drift and gene mutation. Since the Nm values found in
this study were all greater than 1, it is likely that genetic drift is
not the main factor among L. leai (Slatkin, 1985). However, it
seems more likely that this phenomenon may have been
caused by short-time farming, as intensive farming could
affect the variation among stocks.

The UPGMA cluster indicated that DT and AQ clustered
together. One potential reason for this patter is that individuals
of L. leai in Anging Lake may have initially came from
Dongting Lake. This possibility caused by either manual
intervention or species migration. Study showed that genetic
communication may related to geographic location (Ma et al,
2007). Here Poyang Lake in the middle and lower reaches of
the Yangtze River clustered with Hung-tse Lake, which is in
the downstream of Huaihe River (Xu et al, 2013). These two
lakes in close geographic proximity had similar genetic
relationships. However, this conclusion remains to be more
verification.
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Table 2 Pairwise Fst (below the diagonal) and the number of migrants per generation, Nm (above the diagonal) among four Lamprotula
leai stocks estimated from 15 microsatellite loci
PY DT HzZ AQ
PY 1.46 3.18 1.47
DT 0.146* 1.75 1.87
HZ 0.073* 0.125* 1.52
AQ 0.146* 0.118* 0.142*

PY, Poyang Lake; DT, Dongting Lake; HZ, Hung-tse Lake; AQ, Anging Lake. *: P<0.05.

Table 3 AMOVA of 15 microsatellites in the four Lamprotula leai stocks

Source of variation df Sum of squares Variance components Percentage of variation
Among stocks 3 187.47 0.90 12.56*
Among individuals within stocks 115 1065.96 3.04 42.76*
Within individuals 119 378.50 3.18 44.68*
Total 237 1631.93 7.12 100
*: P<0.05.

Table 4 Nei’s unbiased genetic identity (above diagonal) and
genetic distance (below diagonal)

PY DT HZ AQ
PY 0.287 0.563 0.361
DT 0.890 0.398 0.574
HZ 0.438 0.578 0.298
AQ 0.672 0.192 0.768

PY, Poyang Lake; DT, Dongting Lake; HZ, Hung-tse Lake; AQ, Anging
Lake.

Hardy-Weinberg equilibrium

A total of 12 loci significantly deviated from HWE after
Bonferroni correction. Departure from HWE can be attributed
to random genetic drift, inbreeding, and null alleles which
contribute to heterozygote deficiency (Nei, 1987; Zheng et al,
2009). Using Micro-checker, we found five loci including
GQ302635, HCM08, HCM29, MP19 and APS45 with null
alleles. This phenomenon is not unusual when analyzing
conservation genetics using cross-amplification methods
(Harper et al, 2003). However, each locus which departured
from HWE can amplify at least one allele in all samples which
means that the frequency of null alleles were not enough to
affect the analysis (Goodman et al, 2001). In this study, Fis
was positive and both Ho and He had large differences,
suggesting an ongoing inbreeding among the tested stocks of
L. leai. If accurate, then inbreeding is likely a critical factor
accounting for departure from HWE, highlighting the need for
better management and planned breeding.

Feasibility of cross-species amplification in shellfish

To date, 18 microsatellite loci for L. leai have been screened,
but developing further microsatellite loci is essential for further
more targeted research and for more cross-species
applications. The primers derived from the relatively
conservative flanking sequences can be used for amplification
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across species. Some studies in shellfish have shown the
feasibility of cross-species amplification method. For instance,
Xu et al (2011) isolated and characterized 18 loci in L. leai, 10
of which were successfully amplified in three H. cumingii
populations. Wang et al (2006) confirmed that 13 loci from 32
polymorphic microsatellite primers of Crassostrea gigas can
amplify specific products in H. cumingii. Hai et al (2009)
indicated that 17 primers of Perca schrenkii were amplified in
P. fluviatilis and P. flavescens, among which 10 pairs showed
versatility in the same genus. The microsatellite loci isolated
in this study may then provide useful information for further
inquiries into shellfish genetic resource information collecting
using cross-amplification.

CONCLUSION

In conclusion, the four tested stocks of L. leai examined in this
study showed both high genetic diversity and medium genetic
differentiation, but we also encountered evidence suggesting
ongoing inbreeding among the stocks. These results may be
related to the life habits and reproductive characteristics of L.
leai, or to the currently employed methods of farming and
aquaculture. Given this result, genetic management should be
carried out in order to maintain the genetic integrity before the
situation deteriorates (Jia et al, 2012). Based on our results,
we suggest that specimens from Hung-tse Lake may be
viable parents for systematic breeding and hybrid efforts that
may result in offspring that could offset the apparent
inbreeding and maintain the genetic diversity we observed.
On the whole, however, our results and methodology may be
useful in identifying growth traits associated markers,
constructing of genetic linkage maps, and marker-assisted
breeding of L. leai.

ACKNOWLEDGEMENTS

We would like to thank the Weiwang Pearl Cultivation Base for providing



samples. We are also grateful to Professor Yongjiu Chen (Zhejiang Ocean
University) for assistance with the manuscript.

REFERENCES

Afanas’ev Kl, Rubtsova GA, Malinina TV, Salmenkova EA, Omel’chenko VT,
Zhivotovsky LA. 2006. Microsatellite variability and differentiation of hatch-
ery stocks of chum salmon Oncorhynchus keta Walbaum in Sakhalin.
Russian Journal of Genetics, 42(12): 1694-1702.

An H, Kim MJ, Park K, Cho K, Bae BS, Kim J, Myeong JI. 2012. Genetic
diversity and population structure in the heavily exploited Korean rockfish,
Sebastes schlegeli, in Korea. Journal of the World Aquaculture Society,
43(1): 73-83.

Bai ZY, Yin YX, Hu SN, Wang GL, Zhang XW, Li JL. 2009. Identification of
genes involved in immune response, microsatellite, and SNP markers from
expressed sequence tags generated from hemocytes of freshwater pearl
mussel (Hyriopsis cumingii). Marine Biotechnology, 11(4): 520-530. (in
Chinese)

Botstein D, White RL, Skolnick M, Davis RW. 1980. Construction of a
genetic linkage map in man using restriction fragment length polymo-
rphisms. American Journal of Human Genetics, 32(3): 314-331.

Excoffier L, Laval G, Schneider S. 2005. Arlequin ver. 3.0: An integrated
software package for population genetics data analysis. Evolutionary
Bioinformatics, 1: 47-50.

Geist J, Rottmann O, Schroder W, Kuhn R. 2003. Development of microsa-
tellite markers for the endangered freshwater pearl mussel Margaritifera
margaritifera L. (Bivalvia:Unionoidea). Molecular Ecology Notes, 3(1): 444-
446.

Goodman SJ, Tamate HB, Wilson R, Nagata J, Tatsuzawa S, Swanson GS,
Pemberton JM, McCullough DR. 2001. Bottlenecks, drift and differentiation:
the population structure and demographic history of sika deer (Cervus
nippon) in the Japanese archipelago. Molecular Ecology, 10(6): 1357-1370.
Hai S, Li JL, Liu F, Feng JB. 2009. Isolation of microsatellite loci from Perca
schrenkii and its universal in related species. Chinese Journal of Zoology,
44: 17-23. (in Chinese)

Hale ML, Burg TM, Steeves TE. 2012. Sampling for microsatellite-based
population genetic studies: 25 to 30 individuals per population is enough to
accurately estimate allele frequencies. Plos One, 7(9): 1-10.

Harper GL, Maclean N, Goulson D. 2003. Microsatellite markers to assess
the influence of population size, isolation and demographic change on the
genetic structure of the UK butterfly Polyommatus bellargus. Molecular
Ecology, 12(12): 3349-3357.

Huvet A, Boudry P, Ohresser M, Delsert C, Bonhomme F. 2000. Variable
microsatellites in the Pacific oyster Crassostrea gigas and other cupped
oyster species. Animal Genetics, 31(1): 71-72.

Hered GJ. 1995. FSTAT (Version 1.2): A computer program to calculate F-
statistics. Journal of Heredity, 86(6): 485-486.

Hu ZQ. 2005. Geographical distribution of endemic species of Chinese
freshwater bivalves. Chinese Journal of Zoology, 40(6): 80-83. (in Chinese)
Ji W. 2007. Genetic Diversity of Five Freshwater Mussels and Isolation of
Microsatellite DNA for Hyriopsis cumingii in Qinglan Lake, Jiangxi Province.
Master’s thesis. Huazhong Agricultural University, Wuhan. (in Chinese)

Ji W, Wei KJ, Zhang GR, Shi ZC. 2007. Microsatellite DNA analysis of
genetic diversity in five freshwater mussels in Qinglan Lake Jiangxi Prov-
ince. Journal of Agricultural Biotechnology, 15(3): 429-433. (in Chinese)

Jia ZY, Zhang YY, Chen SQ, Shi LY. 2012. Genetic diversity and differentia-
tion of masu salmon (Oncorhynchus masou masou) between and within
cultured populations inferred from microsatellite DNA analysis. Zoological
Research, 33(E3-4): E33-E39.

Jones JW, Culver M, David V, Struthers SJ, Ajohnson N, Neves RJ, Brien
SJO, Hallerman EM. 2004. Development and characterization of microsa-
tellite loci in the endangered oyster mussel Epioblasma capsaeformis
(Bivalvia: Unionidae). Molecular Ecology Notes, 4(1): 649-652.

Launey S, Hedgecock D. 2001. High genetic load in the pacific oyster
Crassostrea gigas. Genetics, 159(1): 255-265.

Laikre L, Palm S, Ryman N. 2005. Genetic population structure of fishes:
implications for coastal zone management. Ambio, 34(2): 111-119.

Li JL, Wang GL, Bai ZY. 2009. Genetic variability in four wild and two
farmed stocks of the Chinese freshwater pearl mussel (Hyriopsis cumingii)
estimated by microsatellite DNA markers. Aquaculture, 287(3-4): 286-291.
Li JL, Wang GL, Bai ZY, Yue GH. 2007. Ten polymorphic microsatellites
from freshwater pearl mussel, Hyriopsis cumingii. Molecular Ecology Notes,
7(6): 1357-1359.

Ling G. 2005. Primary Studies on Conservation Biology of Lamprotula leai
(Gray). Master’s Thesis. Nanchang University, Nanchang. (in Chinese)
Ling G, Wu XP, Ouyang S, Gao JH, Wu HS. 2005. The age and growth of
Lamprotula leal Gray 1835. Journal of Nanchang University (Natural Sci-
ence Edition), 29(5): 497-499, 507. (in Chinese)

Liu XH, Yao YG. 2013. Characterization of 12 polymorphic microsatellite
markers in the Chinese tree shrew (Tupaia belangeri chinensis). Zoological
Research, 34(E2): E62-E68.

Liu YY, Zhang WZ, Wang YX, Wang EY. 1979. China’s Economic Fauna:
Freshwater Mollusks. Beijing: Science Press. (in Chinese)

Liu ZJ, Cordes JF. 2004. DNA marker technologies and their applications in
aquaculture genetics. Aquaculture, 238: 1-37.

Luo YM. 2006. Genetic Diversity of Four Hyriopsis cumingii (Bivalvia:
Unionidae) Populations by SSR Analysis. Master's Thesis. Huazhong
Agricultural University, Wuhan. (in Chinese)

Ma HT, Chang YM, Yu DM, Sun XW. 2007. Microsatellite variations among
four populations of Eriocheir sinensis. Zoological Research, 28(2): 126-133.
(in Chinese)

Magoulas A, Gjetvag B, Terzoglou V, Zouros E. 1998. Three polymorphic
microsatellites in the Japanese oyster, Crassostrea gigas (Thunberg).
Animal Genetics, 29(1): 69-70.

Maudet C, Miller C, Bassano B, Breitenmoser-Wursten C, Gauthier D,
Obexer-Ruff G, Michallet J, Taberlet P, Luikart G. 2002. Microsatellite DNA
and recent statistical methods in wild conservation management: applica-
tions in Alpine ibex Capra ibex (ibex). Molecular Ecology, 11(3): 421-436.
Nei M. 1978. Estimation of average heterozygosity and genetic distance
from a small number of individuals. Genetics, 89(3): 583-590.

Nei M. 1987. Molecular Evolutionary Genetics. New York: Columbia Uni-
versity Press,

Rousset F. 2008. Genepop’007: a complete re-implementation of the
Genepop software for Windows and Linux. Molecular Ecology Resources,
8(1): 103-106.

Sambrook J, Russell DW. 2001. Molecular Cloning: A Laboratory Manual,
3 ed. New York: Cold Spring Harbor Laboratory Press.

Sekino M, Hamaguchi M, Aranishi F. 2003. Development of novel microsa-
tellite DNA markers from the Pacific oyster Crassostrea gigas. Marine

Zoological Research 36(1): 34-40, 2015 39



Biotechnology (NY), 5(3): 227- 233.

Shen YB, Bai ZY, Guo SZ, Li JL. 2013. Polymorphic microsatellite loci for
population genetics of the hard shelled mussel, Mytilus coruscus. Conser-
vation Genetics Resources, 5(1): 121-123.

Slatkin M. 1985. Gene flow in natural populations. Annual Review of Ecol-
ogy and Systematics, 16(1): 393-430.

Sun M. 1996. Effects of population size, mating system, and evolutionary
origin on genetic diversity in Spiranthes sinensis and S. hongkongensis.
Conservation Biology, 10(3): 785-795.

Sun XW, Zhang XF, Zhao YY, Zhang Y, Jia ZY, Chang YM, Lu CY, Liang LQ.

2008. Development and application of microsatellite markers in aquatic
species. Journal of Fishery Sciences of China, 15(4): 689-703. (in Chinese)
Van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P. 2004. Micro-
checker: software for identifying and correcting genotyping errors in mi-
crosatellite data. Molecular Ecology Notes, 4(3): 535-538.

Wang GL, Su X, Li JL, Bai ZY. 2011a. Characterization of (GT), microsatel-
lite in Anodonta woodiana genome. Chinese Journal of Ecology, 30(1): 1-6.
(in Chinese)

Wang GL, Wang JJ, Li JL. 2006. Preliminary study on applicability of microsatel-
lite primers developed from Crassostrea gigas to genomic analysis of Hyriopsis
cumingii. Journal of Fisheries of China, 30(1): 15-20. (in Chinese)

Wang GL, Yuan YM, Li JL. 2007. SSR analysis of genetic diversity and
phylogenetic relationships among different populations of Hyriopsis cum-
ingii from the five lakes of China. Journal of Fisheries of China, 31(2): 152-
158. (in Chinese)

Wang L, Meng ZN, Liu XC, Zhang Y, Lin HR. 2011b. Genetic diversity and
differentiation of the orange-spotted grouper (Epinephelus coioides) be-
tween and within cultured stocks and wild populations inferred from mi-
crosatellite DNA analysis. International Journal of Molecular Sciences,
12(7): 4378-4394.

Wright S. 1965. The interpretation of population structure by F-statistics
with special regard to systems of mating. Evolution, 19(3): 395-420.

Wu SZ, Guan YY, Huang XD, He MX. 2013. Development of 25 novel
microsatellite loci and genetic variation analysis in breeding populations of
the pearl oyster, Pinctada fucata. Journal of the World Aquaculture Society,
44(4): 600-609.

Xu B, Li JL, Wang GL. 2011. Development and characterization of microsa-
tellite loci in Lamprotula leai, with cross-amplification in Hyriopsis cumingii.
Conservation Genetics Resources, 3(3): 545-547.

Xu B, Wang GL, Li JL. 2012. Development of microsatellite markers from

40 WWW.Zoores.ac.cn

Lamprotula leai: A comparison of magnetic beads hybridization and 5'-
anchored PCR methods. Chinese Journal of Ecology, 31(4): 923-930. (in
Chinese)

Xu N, Yang Z, Que YF, Shi F, Zhu B, Xiong MH. 2013. Genetic diversity and
differentiation in broodstocks of the endangered Chinese sucker, Myxo-
cyprinus asiaticus, using microsatellite markers. Journal of the World
Aquaculture Society, 44(4): 520-527.

Xu QQ, Xie J, Zhang SH, Zhao CY, Yuan HW. 2010. Isolation, characteriza-
tion and polymorphism of microsatell markers in triangle mussel Hyriopsis
cumingii. Journal of Fishery Sciences of China, 17(6): 1200-1207. (in
Chinese)

Yan LN, Zhang DX. 2004. Effects of sample size on various genetic diver-
sity measures in population genetic study with microsatellite DNA markers.
Acta Zoologica Sinica, 50(2): 279-290. (in Chinese)

Yan XC, Tong GX, Kuang YY, Liang LQ, Sun XW. 2009. Analysis of genetic
diversity between in two cultured populations of Pinctada Martensii Dunker
cultured populations using microsatellite markers. Chinese Journal Fisher-
ies, 22(1): 5-9. (in Chinese)

Yeh FC, Yang RC, Boyle T. 1999. Popgene version 1.32. Microsoft window-
base software for population genetic analysis: a quick user’s guide. A joint
Project development by the authors, University of Alberta, Center for
International Forestry Research, Alberta, Canada.

Zhang GF, Xu SJ, Fang AP. 2009. Preliminary study on the embryonic
development of Lamprotula leai. Chinese Journal of Zoology, 44(4): 96-101.
(in Chinese)

Zhang GF, Xu SJ, Fang AP. 2010a. Parasitic metamorphosis development
and effective accumulated temperature of glochidia of Lamprotula leai.
Freshwater Fisheries, 40(3): 18-22. (in Chinese)

Zhang GF, Xu SJ, Fang AP. 2010b. Development and growth of juvenile
Lamprotula leai. Chinese Journal of Zoology, 45(5): 105-110. (in Chinese)
Zhang Y, Yu DN, Du WG, Zheng RQ, Yang G. 2010c. Microsatellite DNA
analysis of genetic diversity among captive breeding stocks of Chinese
pond turtle (Chinemys reevesii). Journal of Fisheries of China, 34(11):
1636-1644. (in Chinese)

Zheng RQ, Ye RH, Yu YY, Yang G. 2009. Fifteen polymorphic microsatellite
markers for the giant spiny frog, Paa spinosa. Molecular Ecology Re-
sources, 9(1): 336-338.

Zhu XY, Zhou YF, Shu MA. 2010. Isolation and genetic diversity analysis of
microsatellite in Hyriopsis cumingii. Jiangsu Journal of Agricultural Sci-
ences, 26(5): 1026-1031. (in Chinese)





