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(1. bW R RAFRBRAOK = MR R R E R LR =, L 2013065 2. LI AAYL XK= 8 AR 3, B

201611)

W B PHEGELE (Eriocheir sinensis) )4 1y R B8 OV B4R, BIALE R
A&k, FEIE b MEAR 4R v A o B AR B R TR IR (5 0
Fe s B H 3, M AT FESBERNRIEZ 0. KK ITE A Py
AR (BAERBHRRIRIEZ S, N 18 XM TES |4, %f 2004 -2011 3£ 7
FERENPEGEBERKIT O RAEHEBEREST TRES. EREH:
(1) B4R 44 (2004 ,2006 ,2008 ,2010) iy VR IN Zx & FE A B 20 & E B
FAFERAR(2007,2009.2011) ,P <0.05; (2) &F BB R 198215 0 1k 22
FEBE(P=0.024);(3) ETREERMN NI REXZN R & BERKE
T R R B B ARG R 2K 5 (4) LS4 (PCA) Fl STRUCTURE 3 %
BB RN B BEREEN L B, (5 B 0 8] F7 76 — 8 R B 38t
B 5EERR; (5) BB (20042006 ) F1 444 (2007 .,2011) B
AN B M BRI, ARGRGE R KILRR h 2%
BATE R B AESEEER  BRE R 0FE —EBERNERZTR.
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YL A JUBUD /K SR AR 254 4 1 Tl i Hh 4 48 B 1 (i
% 130 ~ 160 g, HERE 90 ~ 120 g) , 3L 7 ANMEMFHA
(F1),4 5 FEFR Y2004, Y2006, Y2007, Y2008 ,
Y2009,Y2010,Y2011, &4 REEAKIAE . 5%
K. =G, B RIATF 95% 2B 7, R G
BT 4 CUKFE P o

®1 FARPPPEFEEFELRER
Tab.1 Sample information of the Chinese mitten
crab used in this study

RS RARHE SRARI 7] FEAE
Y2004 KILOLBY 2004 4212 29
Y2006 KILOLBYS 2006 48 12 A 31

Y2007 KT O LB
Y2008 KT OB
Y2009 KiCo vy
Y2010 KT OBy
Y2011 KT 0SB

2007 4£ 12 A 26
2008 4E 12 A 29
2009 4E 12 A 31
2010 4E 12 A 34
2011 4E 12 A 39

1.2 DNA $£H{5 PCR ¥ i

DNA {RBCR F s ekt . B A e
T 10 XM T E 5|9 (45 DQ114480 -
AF536350) 2 A SL I B ATIT R K 8 X T
B3 (45 IX987251 - JX987258 ) Xt kEA 4T
PCR 3 , & 519 57 51 J iR KR E K 2 P,
PCR W {ABIN 10 pL, ffE 1 L 3K 41 DNA
(20 ng/pL),5 pL Mix % % (0. 2 wmol/L
dNTPs,1.5 pmol/L MgClL,,0.5 pmol/L Tag DNA
REHE) , ERITFH% 0.5 pL(5 wmol/L) ,Z&1%
7K 3 pLo PCR ¥ H4#FF :94 C 5 min,94 C 30 s,
Bk (F£2)30 5,72 C 1 min,35 MERE, &5
72 ‘CZEf# 10 min,

PCR F=¥) % 1. 5% BEJews i iKWK B 4577
B2 5 , I QlAxcel 4 M 3h & 4145 % R 4
MR G T 2 H AR A BE R/ B
1.3 HESH

A F FSTAT 2. 9. 41" i {46 00 45 BE A 1) 38
AR BB, RSN R (A) AR EME R
B(N,) R ZE BE(H, ) JARZRE B (Hy) Ak
ZEB(F) o R Fi GENEPOP version 4. 0. 10"
AR I E R 3 T A OS2 6 I B i AR IR A%
SF- 7 ( Hardy-Weinberg equilibrium, HWE ) ,

http: //www. shhydxxb. com

BOTSTEIN'"" S AXIMHM LR M ML HER S
B#(PIC),

iz Arlequin 3. 5" BRI T R 8 1 43
8B (Fyr) 1158 553 F 7 253 Ht (AMOVA)
I POPGENE 1. 3" & {43 B BF AR ] Nei” s 38t
fEBERS (D, ) , il MEGA 5. 0" &k {1 ot i 48 452 15
(NJ ¥6) R A R st e R 2K

it — T EREARIR] AR BB AE R R, B
GENALEX 6. 4" iRt 7 A~ BE(A % TR 45 5
T F B %3 4 $r ( principal coordinate analysis,
PCA) . M4k, 5 STRUCTURE 2. 3. 4 #4453
IR BRI R R, WK 7 MR R
BEH, BHFRGKAETEF (admixture
model) , REFUE(K) BN 1 2] 7, B &S
) KB, 35 6 WK, BiE (burn-in) Y& 20 000,
BEJ5 17 1 000 000 REE Y IEXITHHE ., B3
925 ] DISTRUCT 25 24 % (IR I
BREVA B B3 A RS (AR 4 FALUSH™ 452 (1 5 1 7
JE o

HRHE & oL s 55 or 5 R A3 2%, B F Bottleneck
BRI AR T 2 P AL ISR , 3R
FAPIRMITER T . —FRE BEERR T, R
FH W3 B 28 7% 45 AU ( two-phased mutation model
TPM ) F1 5 #% 28 A8 fEL AU ( stepwise mutation model ,
SMM) 22 55— R AR - AR R R B, AR
TRBH & B BN , WIZ A A4 5 A - I
AP, S P IR R B LB A A, T 48 P AR
SRR R B L-RA A 2

2 BERE

2.1 BEEEZEHGE

N 18 Xt TR 51 Fr i 3 W 5k 1
Wit , #8535 A&l 1 iR . Hardy-Weinberg F- £
K R B & BEAR R B £ 00 8 B % R B Hardy-
Weinberg - f, FL A 2004 4F 2006 4,2007 4E .
2008 4.2009 4 .2010 4 16 41 & ,2011 4
18 Mo AT TR SEAEER 2 (A) 6 ~
19, BREEAIEE BN, ) H 4.22 ~14.25, 2545
BEE&E(PIC)H0.6490 ~ 0.89% 6,
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F2 18 3D ESI¥AF 5K PCR & 4FE
Tab.2 Primer sequences and PCR characteristics for the 18 microsatellite loci in the study
514 GenBank % 3¢5 S1YF51(5" -3") ERHIT BKIREE/C R BK/Vbp
F:GCAATGAGACTCAACAGGAGA
A9 JX987251 (GA);(GT)4 60 211 ~266
R:AATGTGGCTCACCTGACGT
F.TTGAACCTGGCGTTTAGGA
Al5 1X987252 (AC) 5 (AC), 60 201 ~266
R:TGAAGGGGAACCTGAGATGT
F:GAGAAACGAGCAGCATTTCC
B3 JX987253 (AC) 60 198 ~233
R:CACAACAACACGGAGTATCGG
F:CCTGAGGGTAAGCGAATACA
Chx23 JX987254 (CA), 56 136 ~ 168
R:CCTGAGGGTAAGCGAATACA
F:ATCACGATAGTCGCTGGTCAG
Chx24 JX987255 (AC) 3 56 159 ~201
R:ATCATGTTGAACGCGGTAGG
F:GAAATGTGAGACGCAACACC
Chx26 JX987256 (AC),, 60 158 ~203
R:ACAACAACACGGAGTATCGG
F:AACAACAGCGATACCCTCAC
Chx29 JX987257 (CA)5(AC) 62 146 ~ 186
R:CAACCAAGATGAGGCTGAAG
F:ACGCCTGCTTGTGACTATTG
Chx31 JX987258 (TG) 15 62 100 ~125
R:ACTCGTCTCTTGTTTACAGCG
F:ACTATGCCTTTGCCTATGTATGAA
ES17 DQ114480 (TG) 47 56 400 ~450
R:GCGGTTGTTAAAGCCAGAAT
F:GTGAGAGGCGGAAGGGTTTGAA
ES29 DQ114481 (TG) 5 58 405 ~455
R:CGTTGGTGGGTGGCCTTATCTC
F:TTCCTCCCCTCCGCTTCCTCA
ES30 DQ114482 (CA)yy 58 141 ~191
R:GCCCAGCAGGTGAACATGATGAAA
F:CCCTTCCATTATCTTAACCTG
Esin06 AF536339 (CA) 56 119 ~ 164
R:CTGTGCTTCGTCTGTGTATG
) F:CACCGTAAGGTTCCGTAA
Esin18 AF536340 (GT)y 50 156 ~206
R:AAGCACCCATAAGTCAATGTA
F:CACGGTGATAAGGGTCTT
Esin30 AF536342 (GT) 3 50 137 ~197
R:TGAATCCAAACTTAGATAAACTG
F:GAGCGAGTATGCAAATGAGTAAT
Esin36 AF536343 (CA) o 50 205 ~300
R:TTCATTCACGAACAAAACACTAA
F:TTTGGGATTCACCTTGTCAACTT
Esin67 AF536347 (GT) 4 50 144 ~160
R:CGACGCACGACAGAGGAGAGG
F:CGGCAGTGAAAGATTACAGGCTG
Esin75 AF536349 (AC) 4 50 170 ~215
R:TTCCAAATAGTTATGACGGATGA
F:GCCATAAGGAGGGACAATGATG
Esin87 AF536350 (GT),(GT) 3 56 130 ~ 160

R:GCATGTAATGGGCAAGACTCTA

1 :F AIERT1915R ARIE5190

Esin 18
Marker 08-1 08-2 08-3 084 085 086 087 08-8 08-9 08-10 08-11

309. 0

238.0
201.0

147.0

76.0
15.0

1 5|4 Esinl8 £ HikE
Fig.1 The PCR amplification profiles from the primer Esinl8 in the population Y2008

http: //www. shhydxxb. com
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WA B (BB AR R IR & B (Hy)  R(P <0.05) , Kttt (e E RS HMER A BF
MM BE R G B (Hy) W BER TAaHEREK  (P>0.05),
(P<0.05,%3) , i X RE(Fs) BERT A4

R3 PEFERTNEHBEENECERSESIT

Tab.3 Summary of genetic variation in the seven populations of Chinese mitten crab

Bk BEARR SRR SMNEAERE ZAGESE WUREE O WERE ERRE
BRI
Y2004 29 178 9.764 1 0.820 8 0.576 6 0.854 4 0.329 1
Y2006 31 171 9.338 4 0.8112 0.575 3 0.843 1 0.3212
Y2008 29 174 8.917 5 0.8209 0.630 3 0.853 8 0.265 2
Y2010 34 174 9.595 1 0.826 5 0.6356 0.856 4 0.260 7
S 31 174 9.403 8 0.8199 0.604 5 0.8519 0.294 1
AR
Y2007 26 166 9.564 1 0.801 6 0.373 9 0.837 4 0.558 4
Y2009 31 163 9.482 1 0.784 6 0.526 9 0.820 1 0.3613
Y2011 39 180 10.226 6 0.819 1 0.551 3 0.827 8 0.3527
FHME 32 170 9.757 6 0.801 8 0.484 0 0.828 4 0.424 1
2.2 BAEESL Y2011) JE 80 B B P R 2K
TAHEBEESWSFHFEZHN 54 LT B EEES T
— . AN | JiR|T 2
(AMOVA) gk 4 PPk 235 7 AR, B B (AMOVA)
] (B AL A8 S o 2. 75% BEARINAE R 5 97.25% Tab.4 Results of AMOVA in the seven populations
47 BHRON A B AR T BT , I T AE of Chinese mitten crab
BEXEF(Fy=0.016 3,P =0.024) , 4B wskw am I e P
PRIEAT I LA B, A B[R] S AR TE R B 3 2 R 1 AR (7 BEIR)
(Fg$=0.0172 ~ 0.0541,P<0.01,%5), &F B R] 6 275 Fg=0.0275 P<0.001
e foe %3 N oy ey BEAAR AR A 212 33.49 F=0.344 P<0.001
SR B AR08 S A A ] /1) Nei s gf?ﬂﬁ% o 2o 6376 Fr-0.3024 P<0.00l
(F£4)FKH],2008 4EF1 2009 FERHRBILREIEE 2 ram o ma)
i (D, =0.418 3) ,2009 4FF1 2011 4EF#E{A[E] 35 ¢ [f] 1 1.63 Fcp=0.0163 P=0.024
\ § 2H eI ] 5 1.79 Fg =0.018 2 P <0.001
D, =0.1777) . N
B Rl ( A )o J NI IRAGRR IR BEGR AP 212 33.26 Fi=0.3444 P <0.001
B(E 2) B, 4 MMEERFE(Y2004,Y2006,  opp 437 63.32 Fp=0.368 P<0.001

Y2008 ,Y2010) , 3 4~ Z 4 & 14 ( Y2007 , Y2009 .

x5 HEAERERTNBEEANEERIUER(FaE, £TA)MEEES (D, , £LA)
Tab.5 Pairwise F, values (lower-left triangle) and genetic distance (upper-right triangle) among 7
populations of Chinese mitten crab

LN Y2004 Y2006 Y2007 Y2008 Y2009 Y2010 Y2011
Y2004 0.244 1 0.291 3 0.228 8 0.379 8 0.2347 0.3322
Y2006 0.0250** 0.3197 0.1920 0.406 4 0.1956 0.356 7
Y2007 0.0316"* 0.0377** 0.269 9 0.269 5 0.2858 0.253 0
Y2008 0.0208** 0.0172** 0.0286" " 0.418 3 0.2595 0.327 8
Y2009 0.048 2" * 0.0541** 0.0343** 0.0533** 0.3322 0.177 7
Y2010 0.0222** 0.0185** 0.0314** 0.0258"* 0.0424** 0.290 4
Y2011 0.0373* " 0.0428" " 0.0286" " 0.036 8" * 0.0205"* 0.0324"*

T RREFBEE

http: //www. shhydxxb. com
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Y2006

l Y2008
Y2004

Y2010
Y2007
Y2009
Y2011

0. 05

B2 ETD,BEEENT I EHRPLE

SEEER ) NI B2
Fig.2 NJ clustering tree based on D, genetic distance

from the seven populations of Chinese mitten crab

2.3 BEEMBRLEN

HSUNE A I A2 B, T 4F R 1A (Y2004,
Y2006 ) A&7 4E B4R (Y2007, Y2011 ) ¥ 7E
B E BRI (R 6) o MRIEFALEE I
ROV AR TS AR SR R AR I A B, T AR B
RIGBA R AERREATRAR , TR SRS .

F6 hEFERT N HEEGRIAENER
Tab.6 Bottleneck test for the seven populations of

Chinese mitten crab
K P {E
Bk TPM TPM TPM MM A
(90%)  (95%)  (98%) |
Y2004 0.004 8** 0.0237* 0.1187 0.2288 IE#
Y2006 0.004 8** 0.0104* 0.0182* 0.0432* IE%#
Y2007 0.004 0** 0.007 7** 0.0139* 0.0385* IE#

Y2008 0.073 7 0.118 7 0.2288 0.4423 IEW
Y2009 0.303 8 0.346 6 0.3927 0.4423 IE¥
Y2010 0.023 7*  0.066 5 0.2288 0.4423 IEW

Y2011 0.0023%* 0.0028** 0.0028* 0.0028* iE#
W RRESMBE, ErEREBHE,

2.4 BEXELSW
2.4.1 TR

¥ T AN Y A G B R BRI AT LS
M, G5 R BR A B AR AR AT USR AT b X 4
o, (AR D B R A B AR A 18] A IR 2% (
3) . FEAERKF, LA 1 (PCL) FE 4 2
(PC2) R B T Mt fE 22 511 40. 35% , F L4 2
(PC2) M ERL S 3(PC3) MR T BfE R
33.52% . FEREAIKF, EW4 1(PC1) FE A5
2(PC2)ff e T BBt 1 67. 12% , F BT 2
(PC2) M ERL S 3(PC3) MR T BfE R
29.85%
2.4.2 BERFEHT

STRUCTURE {5 R/ Hr R B, £ AK K%
Y K =2 B (E4), B EE(E, WA AK =

73.80, BEE T H A AK {8, 0% K =2 i, K
BN BT H (B S) T AR BRI
2, B & 4E BE A (20072009 2011 ) B Sy —2%, 13
AERBEAR (20042006 ,2008 .2010) Bl —%, #E—
EoatrEM, BEPEFFENBEHS, HEE
BAL AEPABENBREE S, HREERMYA
B ,3X 5 PCA /-5 RAHML. HoHp 2007 4EIR 24
FA ™, BRI ) 2008 FEREAR

g » ..:. :o.‘. o
R adbsriilaan s
g L --l.A .%Eg?
§ . - . A“&lul %
PC2(17.
2 .9 yo0%0
€ Y2006
[=]
) ° (o]
= 1 Y2011 Y2010 o
g .;(.)R4 12007 Ay2004 Y2ou
Y2008 PC2(16.56%) PC3(13.29%)

3 hERERTNERBEEHINS SRE
Fig.3 Principal coordinate analysis(PCA )of the seven
populations of Chinese mitten crab

80
70

50

AK
5

30
20
10

4 Structure RG89 FHLIAREMN AK T4
( #IF Structure 24 6 XEEITH AK 9T H1H)
Fig.4 Plot of mean likelihood values (averaged across
6 runs)and estimate of AK for each possible value of K

using the data obtained from Structure software

ol
Y2007 Y2009 Y2011 Y2004 Y2006 Y2008 Y2010

BS rEgEeT N E0 84 STRUCTURE
BERESIE
Fig.5 STRUCTURE genetic cluster analysis for the

seven populations of Chinese mitten crab
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3 g

3.1 BB

WAE Z R R YR SRR K S IL =,
TIRRHAR R B AE G54, LA & B SR 72
S-SRI E R SR AR B R4 S 4R A
IR B S FF . A0 B R B ATE 2 1L
R ERBEER, EERRABRETRNEES
Bz —o LR T ARG AT, W 4
BAEAMNERGEZETEEER, AR H 7
ANFER WL 2% & BE A F 0.373 9 ~0. 635 6, 7F
B BT BEARE E, R IL PR
KRBTSR G TR, X R AR WAEH ALY
o B & B, NI 2R U ( Trypanosoma
congolense )[27] . Lo ' XF MR ( Litopenaeus
vannamei) ' FATHE AL A TE LA BFSE
2454 Hardy-Weinberg 4 (19 ) | 136 B Fp BEXF
VAR R B A RR B TRBEMER . &G
TR S REAE I, B Z BRI,
T FEATR A o 2 3 B AR AL I BE 12 o AW SE
T SRR B 32 RBCRER 4B, ¥ R IEME,
KRG FHRTTRE SRR AE XK. X2EH
Tty A KR ETERE IR IR, IR E
Z EERK B R EE R AT ET, MY
JiBS BRI S , SR i Uk B8 0 8555, R BB AR A IR
BSOS , 225t A ZE R T K B A K A
b AAEL A B K B S R I R
BT AFERE ) E 2R H R A — 2
FERNEAE o T 2 — R R A 3e i, HOFT A s
BB B BUE AT, A BT 5T
H T ANEER R 2 300 B2 7 45 B3 R 25 Hardy-
Weinberg -4 , 42 Bonferroni % 1E)5 ,{AZE/VE 16
MR BE B T Hardy-Weinberg P47, R I H
BERRETFAR,

ST 43 BT X T 38t 4% ZREE DT ST BN
B, A s AR R S S A . B
743 AT 45 SR S BB AF A 1A (2004 ,2006 ) FTHY
ANEAEREA (2007 2011 ) F74E B BUB . M
BN I & HE — 5 T 5 KT A K R A S PR 5 AR
B R XK, it B e s A RN AR 2
A% HUR) S R M TET R V5 G W) 5, 5 AT A IR BF AR R
B, HESR IS R AR E TR B~
5 AR, BT HiE A EARKILH R
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BARE R A R A, o U A R IR R T R (KT
M KSR v B AE 20022003 AEELEFIE RA LA
) BRI . FE— B FEBZ
B AL 2 B & B, R 2= A B ik v AR AR IR
7:2010 4E 2008 4E.2004 42006 4E.2011 4E .
2009 4F-,2007 4F, iy AT L , {4 Hh AR o5 R A st
BEZRNER TAHE. SGABRERILEREME
TEERKRE, YT — 2 REBCE SR P it
ST B R S 2% BE T RE AR A R I, LAR
PR VL AR B 1 R R IR B R SRR
3.2 BAEMEXE

BB ATE R (Fr ) 6 R 8] 2 4 1] 1
BAEAE T 5 BB AR T B KN, B AR IR 4% 4
TS0 K , 7 BA B 1A o) 40 Ak B B 2, 3 1Ak ) fY
e EF WA, HAMRICK AN AR 3K
EHIYIFF,90% 812 5 R R R BEIR N FES
ARSI AMOVA Srir s RF B, L 2. 75% )35
1875 S % HE AR REAKIA] , T 97. 25% B384 78 R A
FEFAMER, 5 BRI —B ., AFRH 7 A8
1Kl FGIEAF 0.017 2 ~0.054 1, 44 8] 4
KB (& L85k 0.027 5(P <0.01) J& FE5
M o HE— S B AR A BEE >
] AHEAE Y Z (B ) Fo B, TATT R IAHLE 2 M4F
B Z IR Fo fHBA 8K F IR AR Z B ) Fo {8
(4n 2008 4E 1 2009 4 Z A Fo [HH 2 KF
2007 F1 2009 4E L4 K 2009 F1 2011 4E 2 Al ) Fe
{E) , AT WX F AR B B 5, S RI4E %t Ho 4y
WREARIEERNEN, XG4 PEREEN
A SARAE , R AT R AEAATER A B s
e X—BRWAE T B 815 BE B 4
GER PSR T IRNE, RBP4 BUF B 2 8] B8t 1% BE
B EBUER IR Z B S A IR AN TR BEZ
] A A% B B ol A T A I R A B N 7T
FERFAEG BRIy (R AE R85 225 . STRUCTURE
R HTA PCA ATt s B 47 R
RS L B, (B2 A B B IR N A e —
SE WAL S AR AR BE 1 e i — B 5T

S 3k

(1] apmgHy, Z=EE. PEgBEERMN . EEWBMHEI]. &
WK PR R, 2002, 11(4) : 393 -396.
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RO BARIENE [J]. kP23, 2002, 26(2) : 493
—497.
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Genetic differentiation analysis of the even and odd year populations of
Chinese mitten crab

WANG Zhong-ging' , HUANG Shu', MAO Hai-cheng' , ZHOU Lu®, WANG Cheng-hui'
(1. Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China; 2. Shanghai Songjiang Fisheries Technical Extension Center, Shanghai 201611, China)

Abstract: Generally, the lifespan of a Chinese mitten crab( Eriocheir sinensis) is two years, and then the crab
would die after it finishes the reproduction. Theoretically, the Chinese mitten crabs of adjacent two years (e.
g. 2010 and 2011) would not conduct genetic mating or gene flow. There is a hypothesis that there were two
lineages of the odd and even years in this crab. In this paper, genetic differentiation was analyzed and the
hypothesis was tested using seven wild populations ( sampled in 2004 ,2006 —2011) from the Yangtze River
based on 18 microsatellite loci. The results indicated that: (1)the H, and Hy, of the odd year populations were
significantly lower than those of the even year populations (P <0.05 ); (2) There were significant pairwise
F differences (P =0.024) between the odd and even year populations; (3) The phylogenetic dendrograms
based on NJ methods showed obvious two clades, one clade consisted of the even year populations, another
consisted of the odd populations; (4)Both principal coordinate analysis and STRUCTURE genetic clustering
analysis indicated that significant genetic differentiation between the odd and even year populations, but slight
genetic introgression would have occurred between them; (5) Genetic bottleneck signal was detected in the
two even year populations (2004, 2006) and odd year populations (2007, 2011). The results of this study
demonstrated that the Chinese mitten crab in Yangtze River have two lineages of the odd and even year
populations, however, there was a certain level of gene flow between the two lineages.

Key words: Eriocheir sinensis; Yangtze River system; microsatellite markers; genetic divergence
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