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, Esinls8, UPGMA (Tamura et al, 2011); ARLEQUIN
Esin36, Esin42, Esin55, Esin67, Esin87 3.5 F- (F-statistics,
Héanfling  (2003); HLJEsd02, HLJEscll, HLJEsc20, Fs1), Fs1<0.05 (Balloux et al, 2002)
HLJEsb25, HLJEsc34, HLJEsa42, HLJEsd52, HLJEsc56, (AMOVA) (Exoffier et al,
HLJEsc65, HLJEsa67, HLJEsa69, HLJEsa76, HLJEscS86, 2010)
HLJEsb88 Chang  (2006); JPX-3, (Infinite Allele Model,
JPX-10, JPX-13 Cheng  (2010); 67, IAM) (Two-phased Model of Mutation,
Q703, 0726, 9732, 0840, 0934 TPM) (Step-wise Mutation Model,
(2014) ") (FAM SMM), BOTTLENECK 3.4 ,
HEX), G ) PCR (Sign Test)  Wilcoxon
10uL, 50ng DNA 1uL10xPCR buffer (Wilcoxon Sign-rank Test)
200pmol/L dNTP  0.5pmol/L 0.5U (Maruyama et al, 1985); STRUCTURE 2.3
Taq s ddH,0O 10uL, , K
Takara ) PCR (Pritchard et al, 2000)
SSR , ,
(Sui et al, 2009), PCR 1 94°C 2
3min; 93°C Imin, ( +6°C) 30s, 72°C 2.1
Imin, 2 ;93°C Imin, ( +4°C) 29 , 6
30s, 72°C Imin, 2 ; 89°C Imin, (D 943
( +2°C) 30s, 72°C Imin, 5 ; , (No) 11—52 ( 2),
89°C Imin, ( ) 30s, 72°C 32.52, (N.) 1.844—31.269
Imin, 20—25 ; 72°C 10min PCR , 15.637; (H,)
-20°C 0.444—0.941 , 0.723, H.,
SSR PCR 0.458—0.969, 0.876;
, 2—3 PIC=0.864, Esin87
SSR PCR , DNA (PIC>0.5); 1=2.732;
( : ABI-3730XL, ABI ), Esin87 HLJEsa42 HLJEsc34 Q67 Q703
GeneMaper-3.5 Hardy-Weinberg ,
s Microsoft excel Hardy-Weinberg (P<0.05)
( , 2007, , 2015) 6 2 ,6
1.4 (Na)
, (Ne) (Ho) (He)
SSR POPGEN 3.2 0)) ,
(Na) (Ne) (Fis) » 6
) (Ho) (He) ; , )
(Fis)(Nei, 1978); PIC_CALC 0.6 > > >
(PIC)( , 2014), = > Fis ,
Botstein  (1980) , PIC>0.5 Esin67 (-0.016) ,
; ARLEQUIN 3.5 2.2
(MarkovChain) 6 3
Hardy-Weinberg (Exoffier et al, 2010) (£57=0.0040)
POPGEN 32 Nei’s (Fsr=0.0050)
(Nei, 1978), MEGA 5.0 (Fs1=0.0034) (P<0.01)
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Number of Allele for the different SSR loci in the six populations of E. sinensis
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Tab.1  Genetic polymorphism of the 29 microsatellite loci in six populations of E. sinensis
(bp) N, N, H, H. I PIC Fis
Esin87 123—149 17 1.844 0.444 0.458 1.142 0.444 0.026
HLJEsc56 193—236 12 4.809 0.669" 0.793 1.847 0.766 0.146
Esin36 212—336 52 22.936 0.821" 0.958 3.617 0.955 0.140
Esin67 139—165 18 3.786 0.742" 0.737 1.761 0.711 -0.016
Esin42 223—253 24 11.805 0.801" 0.917 2.657 0.909 0.119
HLJEsa42 315—349 21 10.476 0.876 0.906 2.557 0.897 0.020
HLJEsa67 213—309 49 25.211 0.632" 0.962 3.421 0.959 0.337
HLJEsc86 328—444 45 24.215 0.747" 0.960 3.384 0.957 0.212
HLJEsb88 213—270 47 31.269 0.693" 0.969 3.572 0.967 0.277
HLJEscll 257—393 41 22.483 0.679" 0.957 3.324 0.954 0.283
HLJEsc65 321—341 20 11.073 0.899™ 0911 2.558 0.903 0.003
HLJEsb25 211—280 41 23.316 0.756"™ 0.959 3.333 0.955 0.204
HLJEsd52 53—171 37 21.886 0.619" 0.956 3.264 0.952 0.342
Esin55 82—160 47 19.743 0.857" 0.951 3.280 0.947 0.092
Esinl8 154—196 34 22.738 0.756" 0.957 3.236 0.954 0.200
HLJEsd02 125—176 23 9.131 0.576" 0.892 2.439 0.881 0.349
HLJEsc20 193—257 27 12.101 0.8317 0.919 2.698 0.911 0.086
HLJEsc34 134—189 51 28.032 0.941 0.966 3.501 0.963 0.017
HLJEsa69 231—244 21 6.390 0.774™ 0.845 2.172 0.827 0.074
HLJEsa76 182—247 52 27.656 0.642" 0.965 3.530 0.963 0.328
JPX-3 297—339 42 16.589 0.615" 0.941 3.083 0.937 0.339
JPX-10 137—205 38 18.243 0.696"™ 0.947 3.068 0.942 0.260
JPX-13 166—214 39 21.273 0.929" 0.954 3.232 0.951 0.015
Q67 117—189 41 21.655 0.932 0.955 3.261 0.952 0.016
0703 139—154 15 2.641 0.599 0.622 1.325 0.580 0.029
0726 74—104 19 3.948 0.648" 0.748 1.775 0.722 0.124
Q732 104—119 11 3.604 0.589" 0.724 1.564 0.682 0.180
0840 113—212 46 22.045 0.796" 0.956 3.326 0.953 0.158
0934 139—175 13 2.564 0.405™ 0.611 1.296 0.560 0.327
32.517 15.637 0.723 0.876 2.732 0.864 0.166
’ Hardy-Weinberg (P<0.05),” Hardy-Weinberg (P<0.01)
400 -
- LF mm LW HP
= HW B YP mm YW
300 -
£zl
®
g 200 -
i
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(P<0.05) , ; F4 6 TMESTFHED(AMOVA)
Tab.4 AMOVA results for the six populations of E. sinensis
(Fs1<0.05) bop
. d MS Va %
Nei’s (D) F- (Fsr) (@) (MS) (Va) (%)
5 50.89 0.00806 0.10
] (DS: .
354 3255.750 1.13185 14.02
0.0989), (Ds=0.0968),
360 2496.000 6.93333" 85.88
(Ds=0.0664)
719 5802.569 8.07324
(QI)
T2 A6 MEHREIRIE S BT YW
Tab.2 Genetic diversity statistics of E. sinensis for the six YP
populations ] | HW
HP
LW
YW YP HW HP LW LP e P
N, 22.897 22.724 22.586 22.034 22.379 22.552
—
N. 14.006 14.078 14.099 13.55 13.08 13.757 0.5
H, 0.713 0.727 0.733 0.744 0.715 0.702
3 Nei’s 6 UPGMA

H. 0.881 0.87 0.872 0.874 0.87 0.877
1 2.621 2.605 2.602 2.58 2.566 2.594
Fis 0.178 0.151 0.151 0.139 0.163 0.187

&3 Nei’'s BREBD, MALKUT)R F-HitHEFs,
Xt gLl E)
Tab.3 Genetic distances (Ds, below diagonal) and genetic
differentiation coefficient (Fst, above diagonal) for the six
populations of E. sinensis

YW YP HW HP LW LP
YW *Rxk 00028 0.0040” 0.0011  0.0026 0.0050"
YP  0.0855 k*k% 00,0008 0.0008 0.0013 0.0028
HW  0.0968 0.0664  **** 00013 0.0017 0.0016
HP  0.0848 0.0745 0.0752  **** 00021 0.0034"
LW  0.0907 0.0791 0.0705 0.0827  **** 0.0013
LP  0.0989 0.0841 0.0750 0.0884 0.0699  ***x*
(P<0.05); ™
(P<0.01)
Nei’s UPGMA ,
, 5
>
>
> )
(AMOVA) , 14.02%
, 85.88%
s 0.10%( 4)
2.3
29 (H.) 3
(Heq) 5 IAM ,
Esin87 Esin67 ) H. Heg,

13 )

Fig.3 UPGMA clustering tree of E. sinensis based on Nei’ s
genetic distance among populations

; TPM , 8 H, Heg,
H, Heg, 4 (P<0.05),
;' SMM , 17
H, Heg, H, Hey, 5
(P<0.05), Esin87 Esin67  TPM
SMM (P<0.01)
6 - 6
, IAM 6
, - ; TPM

>

(P<0.05);  SSM

B >

, 5
Wilcoxon , IAM
(P<0.01) - ; TPM
s (P<0.05),
(P<0.01),
- ; SMM ,
(P<0.05),
(P<0.01), -
2.4
10000, (K
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Tab.5 Results of Botlleneck analysis of the 29 microsatellite loci in the 6 populations of E. sinensis
IAM TPM SMM
H, H,, DH/SD P H DH/SD P H, DH/SD P
Esin87 0.458 0.759  -3.339 0.010" 0.848  -10.055 0.000”"  0.899  —23.640 0.000"
HLJEsc56 0.793 0.677 0919 0.147 0.783 0.156 0.491 0.854 -1.997 0.053
Esin36 0.958 0.821 1.520 0.008" 0.871 1.442 0.025" 0.887 0.779 0.193
Esin67 0.737 0.766  —0.310 0.275 0.857 -3.311 0.008™ 0.905 -9.960 0.000"
Esind2 0.917 0.832 1.335 0.002"  0.898 0.800 0.219 0.928 —0.469 0.159
HLJEsa42 0.906 0.805 1.412 0.008"  0.881 0.837 0.204 0.919 —0.637 0.150
HLJEsa67 0.962 0.943 1.089 0.079 0.957 0.156 0.569 0.963 —0.530 0.191
HLJEsc86 0.960 0.932  0.720 0.246 0.949 —0.422 0.278 0.956 -1.080 0.079
HLJEsb88 0.969 0.948 1.664 0.000”  0.961 0.767 0.036" 0.966 0.732 0.201
HLJEscll 0.957 0.938 1.300 0.022" 0.952 0.574 0.276 0.959 0.024 0.437
HLJEsc65 0.911 0.855 1.340 0.020 0.895 0.850 0.177 0.918 -0.008 0.430
HLJEsb25 0.959 0.929 1.395 0.031" 0.946 0.688 0.255 0.953 0.040 0.459
HLJEsc52 0.956 0.925  0.458 0.381 0.944 —0.497 0.173 0.953 -1.263 0.020
Esin55 0.951 0.935 1.005 0.125 0.951 0.060 0.491 0.957 -0.314 0.160
Esinl8 0.957 0.929 1.304 0.020 0.946 0.640 0.221 0.954 0.049 0.449
HLJEsd02 0.892 0.831 1.013 0.092 0.878 0.543 0.341 0.907 -0.563 0.178
hljesc20 0.919 0.809 1.508 0.004™  0.859 1.363 0.019 0.892 0.882 0.190
HLJEsc34 0.966 0.946 1.400 0.017" 0.958 0.542 0.179 0.964 0.260 0.528
HLJEsa69 0.845 0.719 1.202 0.036" 0.789 0.964 0.141 0.842 0.157 0.527
HLJEsa76 0.965 0.947 1.363 0.015" 0.960 0.593 0.231 0.965 0.156 0.609
JPX-3 0.941 0.928 1.439 0.013" 0.943 0.473 0.169 0.953 0.206 0.533
JPX-10 0.947 0.909 1.091 0.051 0.935 0.352 0.400 0.946 -0.296 0.242
JPX-13 0.954 0.907 1.553 0.005™  0.932 1.137 0.082 0.943 0.283 0.435
067 0.955 0.933 1.476 0.008™  0.949 0.756 0.129 0.957 0.194 0.539
0703 0.622 0.619  0.016 0.418 0.696 —0.835 0.171 0.766 -2.616 0.023
0726 0.748 0772  0.415 0.428 0.832 —0.548 0.213 0.870 -2.610 0.019"
0732 0.724 0.696  0.553 0.340 0.766 -0.119 0.373 0.823 -1.728 0.068
0840 0.956 0.933 1.177 0.050 0.950 0.314 0.447 0.957 —0.182 0.255
0934 0.611 0.659  0.436 0.415 0.740 —0.354 0.286 0.798 ~1.886 0.055
DH/SD H. He
F6 U 6HART-ZRTEELMN
Tab.6  Results of mutation-drift equilibrium tests of the 6 populations of E. sinensis
Wilcoxon
IAM TPM SMM IAM TPM SMM
He/Hp P Hy/Hp P He/Hp P P P P
YW 27/2 0.00013" 21/8 0.16042 13/16 0.03732" 0.00002" 0.04775" 0.03793"
YP 25/4 0.00377" 22/7 0.09214 11/18 0.00680" 0.00015" 0.08145 0.05050
HW 25/4 0.00381" 23/6 0.03763" 12/17 0.01460° 0.00009" 0.18578 0.19356
HP 27/2 0.00014" 24/5 0.01166 14/15 0.07855 0.00006" 0.00606™  0.14377
LW 24/5 0.01225" 20/9 0.27527 9/20 0.00039" 0.00011" 0.49323 0.00117"
LP 25/4 0.00378™ 18/11 0.54331 13/16 0.03988" 0.00004" 0.21827 0.03575"

HE/HD
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Fig.4 STRUCTURE genetic cluster analysis for the six populations of E. sinensis
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GENETIC VARIATION OF WILD AND CULTURED POPULATIONS OF CHINESE
MITTEN CRAB ERIOCHEIR SINENSIS FROM THE YANGTZE, HUANGHE, AND
LIAOHE RIVER BASINS USING MICROSATELLITE MARKER

LIU Qing"? LIU Hao"?, WU Xu-Gan', HE Jie', DONG Peng-Sheng',
WANG You-Peng®, CHENG Yong-Xu'"*

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China; 2. College of Animal Science and Veterinary Medicine, Shanxi Agricultural University, Taigu 030801, China,
3. Collaborative Innovation Center of Aquatic Animal Breeding Center Certificated by Shanghai Municipal Education Commission,
Shanghai Ocean University, Shanghai 201306, China; 4. Sugian Xubang Fisheries Science and Technology Co. Ltd., Sihong 223900,
China)

Abstract The major culture area of Chinese mitten crab Eriocheir sinensis are located in the drainage basins of
Yangtze, Huanghe and Liaohe rivers in China. After years of artificial breeding, the inbreeding depression and adverse
selection for small size broodstock crabs, eventually resulted in the genetic degeneration for pond-reared populations of E.
sinensis. Moreover, the ultilization of pond-reared crab seeds and broodstock for stock enhancement may have some
negative impacts on the genetic characteristics of natural populations in three rivers. The current study was firstly
conducted to select 29 microsatellite loci with high polymorphism for the evaluation of genetic characteristics of E.
sinensis, then to assess the genetic diversity and population structure of the wild and cultured E. sinensis populations from
three major river systems, i.e. Yangtze wild population (YW), Yangtze pond-reared population (YP), Huanghe wild
population (HW), Huanghe pond-reared population (HP), Liaohe wild population (LW), Liaohe pond-reared population
(LP). The results show that: There were higher levels of heterozygosity (H,=0.702—0.744) for six populations; according
to Shannon information index (/), the order of genetic diversity for six populations was the YW > YP > HW > LP > HP >
LW. The coefficient of genetic differentiation F-statistic (Fsr) among populations indicated the low divergence was existed
among the populations (Fs1<0.05). Bottleneck analysis indicated that the effective number of each populations decreased
recently while population genetic structure analysis showed that the individual genetic compositions of each population
were miscellaneous for six populations. In summary, the six populations have the highly genetic diversity, and genetic
diversity of YW and HW are slightly higher than their reared stocks. There is a certain relationship between the genetic
differentiation and geographic distance of three wild stocks. The slight genetic differentiation among YW, HP and HW
indicated the germplasm hybrid maybe exist in those populations because of blind introduction and escape of reared
populations.
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