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ABSTRACT. Crab grows by periodic molting, which is controlled by molt-
inhibiting hormone (MIH) and ecdysteroids. Untranslated regions (UTRs) play 
crucial roles in the posttranscriptional regulation of gene expression. In this 
study, using crab collected from Changjiang (Yangtze), Huanghe (Yellow), 
Liaohe, and Yalujiang rivers, 33 haplotypes of the 3ꞌ-UTR of ecdysteroid-
regulated protein (ERP) gene were identified, of which 14 haplotypes were 
observed in more than one individual. One hundred and forty clones of 
haplotype h2 (41.5%) were observed in samples from all the 4 rivers. Three 
haplotypes were observed to be insertions. For the whole crab sample, we 
found a positive Tajima’s D value and a negative Fu’s Fs test (Tajima’s D 
value = 0.98726; Fu’s Fs test = -27.382), although the P values were not 
significant (P > 0.10). The network profile of these 33 haplotypes presented 
a single core pattern with h2 as the core. In this study, we found that the 
UTR of ERP gene had a considerably high genetic polymorphism among 
crab from regions south to north of China. Furthermore, we observed a 
relatively high genetic divergence among different haplotypes, which would 
suggest a high diversity of the crab gene pool.
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INTRODUCTION

Chinese mitten crab (Eriocheir sinensis) is a catadromous crustacean, native of East Asia, 
which lives predominantly in freshwater but migrates to sea for breeding. In China, E. sinensis is 
an economically important decapod crustacean cultured for its good taste. During its approximately 
2-year life span, the crab grows by periodic molting, which is controlled by the molt-inhibiting 
hormone (MIH) and ecdysteroids (Keller, 1992). The primary role of MIH is to inhibit the synthesis 
and release of ecdysteroids. Ecdysteroids play an important role in blood glucose regulation and 
regulate several important physiological processes, including growth and reproduction (Burtis et 
al., 1990). Recently, the ecdysteroid-regulated protein (ERP), which controls the ecdysteroids, has 
been discovered (Buszczak et al., 1999; Sun et al., 2002). Untranslated regions (UTRs) play crucial 
roles in the posttranscriptional regulation of gene expression, including modulating the transport of 
mRNAs out of the nucleus, the efficiency of their translation, subcellular localization, and stability 
(Bashirullah et al., 2001; Tsai et al., 2002).

In view of the importance of UTRs, it is necessary to analyze their genetic variations in 
the MIH and ERP genes and to test whether these polymorphisms can be used as markers for 
selective breeding. In the present study, we detected a high level of genetic variation in the UTR of 
ERP gene in different populations of E. sinensis.

MATERIAL AND METHODS

DNA samples and data information

Adult Chinese mitten crabs were randomly collected from Changjiang (Yangtze; CJ), 
Huanghe (Yellow; HH), Liaohe (LH), and Yalujiang (YL) rivers (Table 1). Each population had 
20 samples, with 10 females and males each. Leg muscle was taken from each individual and 
preserved in 80% ethanol.

Population Geo-coordinates Abbrev-iation Number of haplotypes Nucleotide Diversity Tajima’s D Statistical significance

Changjiang (Yangtze) River 31.14N, 121.29E CJ 13 0.00743  0.76498 P > 0.10
Huanghe (Yellow ) River 37.46N, 118.49E HH   4 0.00229 -0.06501 P > 0.10
Liaohe River 41.07N, 122.03E LH 15 0.00645  0.49333 P > 0.10
Yalujiang River 39.44N, 122.50E YL 15 0.00460  0.68862 P > 0.10
Total   33 0.00655  0.98726 P > 0.10

Table 1. Samples, number of haplotypes, nucleotide diversity, and Tajima’s D neutrality test in E. sinensis populations.

DNA extraction, polymerase chain reaction (PCR) and sequencing

Genomic DNA was extracted from the leg muscle using the traditional phenol/chloroform 
extraction method (Sambrook and Russell, 2001). Primers were designed according to the published 
E. sinensis ERP and MIH sequences (GenBank accession No. GU443954 and AY310313; Table 
2). Each reaction was conducted in a 25 µL volume containing 50 ng of genomic DNA, 1X PCR 
buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 200 nM of each primer, and 1U of La Taq polymerase 
(Takara, Dalian, China). The PCR program was as follows: initial denaturation at 94°C for 5 min 
followed by 35 cycles of 30 s at 94°C, 30 s at annealing temperature (see Table 2), and 40 s at 
72°C, with a final extension step at 72°C for 10 min.
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The purified PCR product from the leg muscle of each crab was cloned into pMD-18T 
simple vector (Takara, Dalian, China). Five–six clones were randomly selected from each ligation 
and sequenced in the forward direction using M13 forward primer (5'-CATGTGCTACTTCACCAAC
GG-3'). DNA sequencing was performed with the ABI PRISM 310 Automated Genetic Analyzer 
(Applied Biosystems, Foster City, CA) using the BigDye Terminator Cycle Sequencing Ready Re-
action Kit (Applied Biosystems, Foster City, CA).

Data analyses

To determine the variable nucleotide sites and unique alleles, the sequences obtained from 
the DNA sequencing were aligned with the computer software ClustalX 1.8 (Thompson et al., 1997) 
and MEGA5 (Tamura et al., 2011), and the alignment corrected manually. All the polymorphisms 
were considered and DnaSP V5 (Librado and Rozas, 2009) was used to estimate the nucleotide 
diversity and to perform the neutrality tests, Tajima’s D (Tajima, 1989) and Fu’s Fs test (Fu, 1997). A 
haplotype network was constructed based on the polymorphic sites of the UTR of the MIH and ERP 
gene sequences using the Median-Joining method in the NETWORK version 4.6.1.3 computer 
software (Fluxus Technology Ltd, Clare, Suffolk, England).

RESULTS

Genetic variation in the 5'-UTR of MIH gene

This study characterized two fragments of the genes related to molting from a large number 
of crabs taken from different regions of China. Initially, characterization of the 5'-UTR of the MIH 
gene was performed for 40 crabs (10 individuals from each population). A total of 195 clones were 
sequenced and 465 bp sequences were obtained. All these sequences were identical to other known 
MIH sequences of E. sinensis (GenBank accession No. AY310313) indicating that the UTR of MIH 
gene is monomorphic in E. sinensis. Therefore, no further analysis was performed using this marker.

Genetic variation in the 3’-UTR of ERP gene

A total of 407 clones from 80 individual crabs were sequenced for the 3′-UTR region of the 
ERP gene. In all, 33 distinct sequences (haplotypes; h1-h33) were identified (GenBank accession 
No. KP780222-KP780254; Figure 1). Of the 33 haplotypes, 14 haplotypes were observed in more 
than one individual, whereas the remaining 19 alleles were only seen in one individual, but were 
observed in two or more clones.

Haplotype h2 was observed in all the four populations in 140 clones (41.5%), h6 in CJ, 
HH, and LH populations in 43 clones (12.8%), and h17 in HH, LH, and YL populations in 40 

Primer Sequence of primers (5'-3') Product length (bp) Amplification region Annealing temperature

ERP GGTGGTGACCTTCCAGTTG 946 3'-UTR 58
 TTGTGGTCATTTTGTAGCCG
MIH GGAGTTCTGTCCACCGC 465 5'-UTR 55
 CGTGCGTCCTCAAACTAA

Table 2. Primers used in the PCR.
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clones (11.7%). Three insertion haplotypes (76 Ins ATTTA，605 Ins CCTA, and 819 Ins ATCG) 
were observed in haplotypes h1, h3, and h4, respectively (Figure 1).

Figure 1. Variations in the 3'-UTR sequences of the ERP gene from E. sinensis and one crab ERP sequence present 
in the database. The numbers of individuals sharing the same haplotype are listed in the right column. Dots (·) denote 
identical sites. The ERP genomic sequence of crab (GenBank accession No. GU443954, marked as “reported”) was 
also included for comparison.
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Based on the 3'-UTR of the ERP gene, the nucleotide diversity of the four populations, 
CJ, HH, LH, and YL was 0.00743, 0.00229, 0.00645, and 0.00460, respectively (Table 1). The total 
nucleotide diversity was 0.00655. The Tajima’s D values for the four populations were 0.76498 
(CJ), -0.06501 (HH), 0.49333 (LH), and 0.68862 (YL). For the whole crab sample, we found a 
positive Tajima’s D value and a negative Fu’s Fs test (Tajima’s D value = 0.98726; Fu’s Fs test = 
-27.382), although the P values were not significant (P > 0.10).

The network profile of these 33 haplotypes presented a single core pattern (with h2 as the 
core). Two main haplotypes (h6 and h17) were close to the haplotype h2. The remaining haplotypes 
had a low frequency and radiated from the central location. From h23 to h33, these haplotypes 
deviated from the core position (Figure 2).

Figure 2. Sequence network profile of the 3'-UTR of the ERP gene of E. sinensis and one crab ERP sequence present 
in the database. The links are labeled by nucleotide positions to designate variations. The order of the variants on a 
branch is arbitrary. Each circle represents a haplotype, with the area of a circle being proportional to the frequency of 
the haplotype. Each color shows the geographical origin of the isolates. Yellow indicates isolates from CJ and green 
indicates isolates from HH. Red indicates isolates from LH and blue indicates isolates from YL.

DISCUSSION

Previous in silico analyses have shown that 3'-UTRs might contain AU-rich elements, 
RNA binding proteins, microRNAs, and other potent motifs, which may have biological functions 
(Barreau et al., 2005; Yu et al., 2014). Gene duplication is thought to be one of the major sources 
of evolutionary innovation (Conant and Wolfe, 2008). In the present study, 33 haplotypes were 
identified from the 3'-UTR of ERP gene from 80 individual crabs. The fact that all individuals had 
more than two haplotypes suggested that these haplotypes did not arise from the same locus and, 
thus, could be regarded as evidence for the existence of gene duplication at the UTR of the ERP 
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gene in E. sinensis. Gene duplications have been revealed in D-loop of mtDNA (Cjetva et al., 1992; 
Ludwig et al., 2000) and in many MHC loci, for example, the spotted seal (Phoca largha) DRB locus 
(Gao et al., 2015) and the cattle (Bos taurus) DQA and the DQB loci (Glass et al., 2000).

In this study, we found that the UTR of ERP gene had a considerably high genetic 
polymorphism among the Chinese mitten crabs from the south to north of China. Furthermore, we 
observed a relatively high genetic divergence among different haplotypes (Figures 1 and 2) which 
could suggest a high diversity of the crab gene pool.

In conclusion, in the present study, we characterized the genetic variation in the UTR of 
the ERP gene. In the future, we intend to investigate the correlation between polymorphism and 
growth traits to identify suitable candidate markers that may be related to crustacean growth and 
development. The re sults presented herein could potentially lead to the use of genetic strategies 
for improved crab breeding (Jia et al., 2014).
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