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Abstract 

Background:  The Chinese mitten crab Eriocheir sinensis is an economically important decapod crustacean in China. 
Despite a widespread distribution and production in China, the resources of E. sinensis have experienced a dramatic 
decline in the past decades. Here we describe a new set of novel polymorphic microsatellite loci to facilitate the inves-
tigation of genetic structure and artificial breeding.

Results:  In this study, a set of 30 novel polymorphic microsatellite markers for E. sinensis was developed from EST 
databases. The number of alleles per locus ranged from three to twenty. The observed and expected heterozygosities 
ranged from 0.047 to 0.932 and from 0.047 to 0.935, respectively.

Conclusions:  These informative microsatellite markers will be useful in studies of genetics, genomics and marker-
assisted selection breeding in E. sinensis.
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Findings
Background
The Chinese mitten crab Eriocheir sinensis is one of 
the most economically important aquaculture species 
in China [1] due to its taste and nutritious value, with 
a native range extending from the coastal estuaries of 
Korea in the north to the Fujian province of China in 
the south. However, the wild populations of E. sinensis 
have experienced a dramatic decline in the past decades 
due to overfishing and water pollution [2]. In China, the 
basic production technology of mitten crab populations 
has had a long history, with the conventional selective 
breeding programs based on phenotypic assessment. 
At present, the yield of E. sinensis is almost completely 
from artificial breeding. Unfortunately, like many other 

cultured species, the aquaculture performance of E. 
sinensis has declined significantly. In order to protect 
genetic diversity and prevent population degradation, 
understanding population genetic structure and genetic 
connectivity among populations and making a genetic 
linkage map are necessary.

Microsatellite markers provide a powerful tool in 
genome researches due to their wide distribution, 
codominant inheritance and high polymorphism. To 
date, approximately 83 microsatellite markers have been 
developed and applied for E. sinensis [3–8]. Although the 
number of described loci is relatively high, much more 
works is still needed because of the large diploid chromo-
some number of E. sinensis (2n = 146) [9]. In this study, 
we describe a new set of 30 EST-derived microsatellite 
markers which would aid in characterizing population 
structure, genetic diversity and constructing linkage map 
in E. sinensis.
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Experimental section
A total of 17067 E. sinensis ESTs obtained from the Gen-
Bank database (2013) were screened using SSRIT pro-
gram [10] that was designed to find regions containing 
microsatellites. The parameters were set for detection of 
di-, tri- and tetranuclotide motifs with a minimum of six 
repeats, respectively. Eighty-five microsatellite loci were 
selected for microsatellite marker optimization. Primers 
flanking microsatellite were designed using the PRIMER 
PREMIER 5.0 program.

Sixty cultured E. sinensis individuals were randomly 
captured from Xieyuan Fishing Company in Qili-
hai region in Tianjin City, China. Genomic DNA was 
extracted from the leg muscles using a modified phe-
nol-chloroform protocol [11]. Polymerase chain reac-
tion (PCR) amplifications were performed in 10-μL 
volumes containing 0.25 U Taq DNA polymerase 
(Takara), 1×  PCR buffer, 0.2  mM dNTP mix, 1  μM of 
each primer set, 1.5 mM MgCl2 and about 100 ng tem-
plate DNA. The PCR profiles for all loci were an initial 
denaturing at 94  °C for 3  min, followed by 35 cycles of 
1  min at 94  °C, 1  min at the annealing temperatures 
listed in Table 1, and 1 min at 72  °C, with a final exten-
sion step of 5  min at 72  °C on a MJ Research PTC-200 
DNA Engine (Peltier Thermal Cycler). Amplification 
products were resolved via 6  % denaturing polyacryla-
mide gel, and visualized by silver-staining. A 10-bp DNA 
ladder (Invitrogen) was used as a reference marker for 
allele size determination. The calculations of observed 
and expected heterozygosities were estimated with the 
program MICROSATELLITE ANALYSER software [12]. 
Tests for linkage disequilibrium and deviations from 
Hardy–Weinberg equilibrium (HWE) were performed 
using GENEPOP 4.2 [13, 14].

Results and discussion
Of the 85 potential microsatellite markers, forty-four 
loci were successfully amplified with the expected 

products. Thirty of them revealed polymorphism among 
the tested 60 individuals of E. sinensis. The number of 
alleles at each locus ranged from three to twenty with 
an average of 8.767 alleles per locus (Table 1). Observed 
heterozygosities ranged from 0.047 to 0.932 with an 
average of 0.527, while expected heterozygosities ranged 
from 0.047 to 0.935 with an average of 0.693. The mean 
number of alleles per locus, HO and HE demonstrated a 
relatively high genetic diversity within crab individuals. 
This was similar to reports from studies in other loca-
tions [3, 4, 6, 8]. Fourteen of the 30 loci significantly 
deviated from the Hardy–Weinberg equilibrium after 
Bonferroni correction. This might be due to the limited 
sample size, and/or the presence of null alleles at these 
loci. The high polymorphism of the loci suggests that 
they would be useful tool in studies of population struc-
ture, genetic diversity and the construction of genetic 
map for E. sinensis.

Conclusions
A set of 30 novel hypervariable microsatellite loci in 
E. sinensis was reported in this study. All the charac-
terized microsatellite markers are suited for assessing 
the genetic diversity and the population structure, and 
also facilitate marker-assisted selection breeding of E. 
sinensis.

Ethics statement
Every effort was made to minimize animal pain, suffering 
and distress and to reduce the number of animal used. 
Sampling of the crabs was approved by Tianjin Diseases 
Prevention and Control Center of Aquatic Animals.

Availability of the supporting data
The microsatellite sequences are available through the 
National Centre for Biotechnology Information (http://
www.ncbi.nlm.nih.gov); GenBank accession numbers see 
Table 1.
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