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m OE: FAS MATECH TILAA 8 Ml X (K F
B OBRYE VEWE TR A B R T ) T R R R s £
M, BRI 8 MR 2E 64 L 4 Bonferroni 34X 1E J5
¥) B ERE Hardy-Weinberg -l H 48 K Z AL H B RHE AR
8 MR KBRS L ZRE MK TR, T EB RSS2
KPTAR . BERIEB S LIS H oy 2 AMOVA F3H7 KRB ,8 AN B¥
s A8 BR 0. 126, FE7E SRR BE M 5346 (0. 05 < Fy <
0.15) , BT HREIERMERN UPCMA RIEM TR ,8 MW 4
N4 4R R R IE RN KO BRI O — 4L, KPR TG i
TR B RERIR N — 41, T EDRAE AR T MRS ) B AR —

Ho

7 B R ZE W ( Procambarus clarkii) JR. 7= T 3
W,1929 4Eps H ARSI ARE R MR BB
ZAHTRES EERKKE, REHARITFT
W, CRNEBENZF 21, T
ARRERKFEEINEERBELEHZ —, B2
o E B & IR AT AT R A A
05, B2 W G T MR R 1 4% AR, 2010 4E E
NAEREE VL7544 K 7= =00 T2 55 [ R ZL R 0 H
H) AT LA 51 T, 5o R JFE MR AN TFR 5™
WERENX ET =160, FEEAEE T 130
hm?t ), SRT, BAER A THRBEAEEEALT,
TR T T E R BB AL, 129 T v IR R R SR A
NAi0p-3; S

W EARCE w2 B rARES
B Z N T e sh YR A s 1% 2 R RS E
gt B AN R B R M T R AR T A b
T VR B A BRI AL 5 Y . EA,
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MRRR: HRON T RELHA
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XEFRER: A
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FRBER IR BRE . PRI, AT VL0500 R
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BHAMAAEENEE SN ANE. R0FR
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JRE PRI 1% 2RV AR BB IR, LA
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1.1 #EAIFEK DNA 125

201345-7 A, ELHEBRARET 8 1
8 R R EARRRA , BRI 1, BT U AR AT
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HUR R 41 DNA, TE (pH 8.0) ¥, M R & )5,
-20 CHRIFEH.
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Tab.1 Sample sites and number of Procambarus clarkii

P27 SRAEH RN B AL
Kl DP IR AN 31°19'N 119°52'E
FHPW  ICHATHMT R4 30°58'N 120°38'E
Bk QT LHETHTRIFE 31°30'N 120°14'E
EWEGT  VILFAMWRETEME  33°05'N 118°34'E
VUG XS VLI HEL T PEIAE  33°11'N 118°35'E
K TP THBEIHAFE  33°27'N 118°31'E
Bl GC VI AR ESAEE  31°17'N 118°55'E
PEAWE YH ITHETET B 34°0'N 118°14'E

22333338328

1.2 MIERK
ALY 2 A AT I A 1 5 R 2 R % e 4

SCEERP et 2 SRR 8 X LRI, B
HEf 8 4 2, PCR [ REHKR A 10 pL 4511 x
PCR buffer,1.5 mmol/L Mg** ,200 pmol/L dNTP,
200 pmol/L FFii#5]97,0. 1U Taq [, 100 ng #&
B, KB KB FIKENSTo

PCR W K :94 CASYE 2 min;94 C 7%
4 30 s, Tm( melting temperature ) &4 30 s, 72 C
JEfH 30 s, AT 35 MEFF;72 C 10 min;4 C
’HFE. PCR =W 4 1. 5% T 50 HB Ik B0 A & 4%
J& , I 8% 75 14 5 P s T fe 5 J s, Ok 20 5,
PUCI18 DNA /Msp 1 YEbriEsr & , PRER Ju ik
Yete, 2 RIS WEE T o

®2 RREENSMHIESY

Tab.2 Primers of 8 microsatellites DNA in Procambarus clarkii

PR AR Ev L2l S5 (5" -3") SR B/ C GenBank % 335
RS o e ss
R o
e (0, e oo . Koo
I v -
vesis (AT R ACTACCTAAANTCATGACGCEAN s Kiso792
rests (T wirccamechcracescTacerTc s Kioooes
(TOn  RGGercCTAGeATEACATIA A “ Kiso79%6
(490 wcemecrcrermmeatcatce s Kiooogs
1.3 BiESH 4.0 HEE UPGMA REEHALM™ .

WKW N E /RS EREB FH
POPGENE32 SR {4+ 5E M EF B (A) B REAL
EERB(N) WG B (H,) HBEREE
(H,) B AEH LR B (1) & Nei’ s #15 I E
(D,) . FA BOTSTEIN %" g /8 s+ M T 2 fr
REBFERBEEPIC) , FIFH 5 /R 7] R4 (Markov
chain) 75 #£ 4T Hardy-Weinberg -7 #6; 46 , 5% F
Bonferroni 77k 1E 1) 5 2 ME bR, AR 4R P E A
Wiz A Bk B . A ARLEQUINS. 172 3145
BB E IR B (For ) RREER W (N,,) HEdEFT 43
T 25 HT(AMOVA) , FFE T st E I E H Mega

2 R

2.1 HEEESHESN

8 X TLETIMTE 8 M HEIR P 13 T Bk
W3, U ISR AN 3 Prn , SRR B (4) 4y
T4~ 12 ZJa] AR R (N, ) ST 1.58 ~
5.18 Z[a], WL 24 & BE (H, ) /T 0. 152 ~ 0. 537
ZIE] BRI B (H,) A T 0.369 ~0. 808 2 [a],
ZBEE & & (PIC) 4r T 0.381 ~0.795 Z[d],
Br PCSHTT N EEL S AL RSN, KRR E S
B AT REEAT IR ST
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Tab.3 Statistics of number of effective alleles, expected and observed heterozygosity and
polymorphism information content for Procambarus clarkii

(VA= EZVE 5LV ARG FEREN, W Z 5 BE H, WHRAREH, Z¥EEEE PIC
PCSHO7 12 5.18 0.220 0.808 0.795
PCSH38 11 3.60 0.383 0.723 0.679
PCSH42 8 2.65 0.354 0.623 0.603
PCSH47 10 4.51 0.388 0.779 0.750
PCSH52 7 3.57 0.537 0.721 0.684
PCSH54 8 3.38 0.379 0.705 0. 665
PCSH77 6 1.58 0.152 0.369 0.381
PCSH89 4 2.94 0.254 0. 660 0.584
FEME 8.25 3.43 0.334 0.673 0.642

8 NI [RJFEUFRHA R B E ZHEESHNR TR AR AR

4 Fimse 8 A, KRR 3 % 0 2 I 5L
AR (A4=6.50) , FEREAR/N(A=3.75) ; Kl
TR B G B (H, =0.666) £k, [ R
Rf/N(H, =0.496) , 10 D HEAR )T XM A&
BEXNT PSR A B BB AT A, KB
UE PR AE 15 PR PR, T 9 P 22 L3

3 ¥ b5 #E & Bonferroni £ 1F 5, |
Hardy-Weinberg - 3% 8 HE A BT A 1 5
FEFTFEPRA TR, 3K 4 PR 8 NEHAM
29 64 ML i 3 2 R B Hardy-Weinberg V-4 ,
AN, BRF-ER Y PCSHS2 fif b, AR A
RIRREFHREK

*4 RREENHEMIBHEESHNE

Tab.4 Summary statistics analysis of genetic diversity of Procambarus clarkii

(A= £ PCSHO7  PCSH38  PCSH42  PCSH47 PCSH52 PCSH54  PCSH77  PCSH89 EHE

A 12 8 6 7 6 4 5 4 6.50
DP H, 0.284 0.271 0.322 0. 631 0.593 0.288 0.050 0.203  0.330
H, 0.847 0.520 0.578 0.801 0.775 0.686 0.465 0.653  0.666

A 4 3 4 4 5 4 3 3 3.75
PW H, 0.216 0.333 0.300 0.316 0.745 0.275 0.033 0.288  0.313
H, 0.515 0. 626 0.411 0.635 0. 695 0.516 0.268 0.628  0.537

A 4 9 4 8 5 4 4 3 5.13
QT H, 0.178 0.803 0.379 0.741 0.527 0.457 0.185 0.071 0.418
H, 0.685 0. 806 0.482 0.813 0.701 0.632 0.297 0.650  0.634

A 5 8 5 6 5 4 4 3 5.00
GT H, 0.190 0.636 0.187 0.159 0.561 0.319 0.208 0.446  0.338
H, 0.682 0.730 0.610 0.674 0.675 0.632 0.259 0.657 0.614

A 4 9 6 7 5 4 4 3 5.25
XS H, 0.060 0.266 0.517 0.302 0.400 0.421 0.187 0.155  0.288
H, 0.527 0.595 0.752 0.779 0.647 0.565 0.247 0.638  0.594

A 5 8 6 5 4 7 3 3 5.13
TP H, 0.389 0.238 0.416 0.438 0.603 0.844 0.087 0.293  0.414
H, 0.675 0.753 0.641 0.598 0. 665 0.793 0.180 0.664  0.621

A 5 5 4 4 4 3 4 3 4.00
GC H, 0.125 0.300 0.150 0.282 0.225 0.153 0.325 0.225  0.223
H, 0.330 0. 668 0.443 0.330 0.519 0.566 0.499 0.610  0.496

A 4 4 5 4 5 4 3 3 4.00
YH H, 0.250 0.208 0.500 0. 065 0.531 0.148 0.239 0.404  0.293
H 0.341 0. 595 0.631 0.584 0. 680 0.544 0.542 0.666  0.573

®

http: //www. shhydxxb. com



58 TR, 4 V195 8 30 RIREIT R AR AL SR D2 /A 659

2.2 MEBERESUSH

6 AT 8 ANHEARZE R (N, ) B R4
BRI B (Fy) W3R S0 & BEA IA) 2 B R 72
0.880 ~ 18. 833 X Ju], ¥ {4 8t f& 70 1k 16 B 12
0.013 ~0.221 Z[A], 48R BN, BIES5 KMHHE
()2 PRI K- fc i (N, = 18. 833) , it A& 46 %
/N(Fop =0.013)  SEBAPIREAAR [E] 77 42 )12 FO 22

B (N, >4) , BEAKE AL L8 (Fg <
0.05) ™) LA ] & — BEHLAS T AR 5 PO I I 3
55 S B A i) 2 PR R 7K P Bl (Y, = 0. 880) ,
BAE AR (Fp =0.221) , S B BT BE(A ]
FER AW B, B (A 7 76 1B 3 AL Ak
(Fg>0.15),

x5 RRERENS NMHEEER (N, MAKEL) MBEESURY (Fo, HAKT)

Tab.5 Gene flow (N,,, above diagonal) and genetic diversity (Fg;,below diagonal) in 8 Procambarus clarkii stocks

DP PW QT GT XS TP GC YH
DP 3.070 12.977 18.833 3.693 2.712 4.761 5.688
PW 0.075 15.879 2.494 0.880 1.288 10.388 2.684
QT 0.018 0.015 6.713 1.689 1.877 15.182 4.883
GT 0.013 0.091 0.035 4.388 2.441 2.906 7.514
XS 0.063 0.221 0.128 0.053 2.086 1.035 2.464
TP 0.084 0.162 0.117 0.092 0.107 1.573 2.160
GC 0.049 0.023 0.016 0.079 0.194 0.137 2.006
YH 0.042 0.085 0.048 0.032 0.092 0.103 0.110

o R FEAF 8 AN fe AR LR B 1%
PEESILAR 60 ABTFT R, 25 HEIA IR 344 AH 101 R 2K
(I)30.542 ~0.930, 38 f£H585 (D, ) 47 0. 071 ~
0.611, 555 B , VT B 445 8 S AR 1A ) s A%
BRSO, T P MR 20 A5 R R A ) A B

/o 8 MEHAIEEEAE K AMOVA S 4 R
W7 Prn,8 A RHARNR A R G B AT R
8.31% T 91.70% HyB 1AL 5k A RHANAE S,
TR E] B AL 7L IR B B K- (P <0.01) 6

%6

RIRFEER 8 MBI E B EBURE (I, A% L) RIEEES (D, ,XALT)
Tab.6 Genetic similarity indices (7, above the diagonal) and genetic distances (D, , below the diagonal)

among 8 stocks of Procambarus clarkii

DP PW QT GT XS TP GC YH

DP 0.773 0.879 0.830 0.817 0.750 0.695 0.715
PW 0.256 0.897 0.838 0.669 0.727 0.796 0.782
QT 0.128 0.108 0.904 0.823 0.816 0.742 0.811
GT 0.185 0.176 0.100 0.930 0.854 0.724 0.831
XS 0.201 0.401 0.193 0.071 0.830 0.542 0.739
TP 0.287 0.318 0.202 0.156 0.185 0.723 0.650
GC 0.363 0.227 0.297 0.322 0.611 0.324 0.552
YH 0.334 0.245 0.208 0.184 0.301 0.430 0.593

®7 IHEREENHEEDIFHESN
Tab.7 AMOVA analysis among Procambarus clarkii

stocks in Jiangsu Province

ARRWE  HBE M rE4s FERE/%
FEA ] 7 69.714 0.0799 8.31
BHARNAMAR] 427 547.375 0.3990 41.44
AN 435  210.500 0.483 9 50.26
MR 869  827.589 0.962 9

HT Nei’ s R1ZHE R X e R EEUT 8 A

32 UPGMA RGTH, 25 RN 1 Piin . 8 MEFA
AT G2 4 20 SRR R R O AR AR R R A 3R
R, R R TGO A S B MR AR
— 4, T LA AT MR (A 20531 B AR — 4L

3 iWig

3.1 MEEfsHM
AHFEAE 8 MU D RN R EEEEE
B (PIC) ST 0.381 ~0.795 Z [, ¥  Hh BE £
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AL, BT B4 3t o Ay 78 AR S5 A AN AR
ZRE BERE R A RHATE S AL B BIR AR,
PR X e AR IE T v PG R 2 MR 4% 2 R 20 A
OB

0.15___0.10 __0.05 __ 0.00

1 E-F Nei’s EEEEE A UPGMA R4y
Fig.1 UPGMA clustering tree based on
Nei’ s genetic distance

6 FERE R B & AL Z A0 R BB A%
AR REERHKBRETRN—IRESE ™,
ABEFEH,8 N 5L QR B AR HEAAE 8 MU T EAL
R ERFHE RS BEER 0. 673, 5 LAEHRE
TS RAE LG, & T YLV R B R A R 2 RE R
TRE AR A 1 0. 592 (R TFHH L%
HIX (2809 MR BRI A BN 0.78)
RJR = AR AR 0.78) ), &
KT AR R i) 8 A Fa KR B AR Fh 5%
SRR, IRIEZEAME I AR, B A
B Z AR IR R AT R (1) BIRGIAK
BEBKEAFTE B A R8T REEK 2 KT
A () AR EEEFE SR P A T B 8%
5 ER AR A BR BE SR
3.2 Hardy-Weinberg =&

AT 8 MREHA T A 64 ALY B 3E R
B T Hardy-Weinberg F £, [F] B} B} SF 3 #)
PCSH52 {550, KRS A G RANKET
Bk, 3X AT BB AL BURE (AR 25 Hardy-Weinberg -
B EERRE , AN, LR B BRRER
JB, Rl T (1) B AR A v QR E AR 455 I A
Wrign, SBOR A SRR B ER; (2) IREE
R B 5 B R AT TR A S B R
B, YR E T BRI R — B ] HL 25 Bk A
JE ATy St BE A S BBl — Bt 1] ) Se 3 IR GE G
9 5 F MR ANA ) R A SR O B4 5 (3) ek
SRR E B 5 2 A M ME S B
JI 7= JE AR IR T [R) A M A 1, T X B4R
AR KBRS
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3.3 MEEESMU

FRBEEER SE T (N, ) 38 H F R 7 P e 1] 2
HACWAR B, AW 5T 8 N B4R B 2L R 22
(N,)FE¥MEH 5.153 HIRF 1, UL 8 PNEfk
VE1) 35 PR 3 ) 7K P 2 v, AR U B 3 4% A fR DN,
AR A B ] 2 [R] — R AL A Bie A BE 1A 5 18215 43
RE(For) 2R B A BER B 3815 /A B 22
F8h5, AR 8 MRS LR E(Fy) R
0. 126 , 15 BA 25 B4 ] 3 38 A7 76 B 434k (0. 05 <
Fg <0.15) ,8 MR R R B AR BHAAAAE) 32
A PR 32 I e SR BE I B A% A4k, AR SRR
AR HETK RE B 55 , 22 B0 E) 22 B /K BB A
BT BT m ) B RbEE E  2 A
VA B T ER R B MR SR 7 ol 4, L 2 A Ak
VR, EEREHE BT TR R AL, K
JREHRE R EK = IR R R B
BRI SRS S, REEREE Y K,
BAMGEESRE ', ML R E KR
WREEFEX, B A EE 5| K 72 KRB AR 7E 8
ANFEARRIBOHAE B A ML S SR B £, F
FEAE T ZFEE

8 AT FRJR B MR B A A AL R B (1) it
%3685 (D, ) 1 UPGMA RGEX R BL T &
MTRAE RS 3L B e R BB B [ IR
RSN, AR 7 M X T8 R R B AR B AR X RN
83 5 H 3 A A KRB A [R]85 i K
B P EEBHA RIEREAR o — 4L ; R 8 UE
B PRI AR AR L P AT B AR 3R S — 45 i
B A A PRI R A 4y 1) B R — 4. L [
BER SR 7 AFE AR R 38045 IR B Ol 45, i B
BN — R E BRI Sy« [ 350080 A 7K PH YT A it
TKPEWIIA | J5 78 g AR X 3t B 4 K 2 A
A T [ S B AA B — A B R B, 5 A B AR
WA DI 5 H A B R F G R R Im, K
T % T W U5 1 B A L KT R
A, R 3 NMEATA 18] 52 QR B MR A 1A 38 A
Xt F AT B IR AR B M 3S T B HL 5 &

S 3k
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Genetic diversity analysis of eight Procambarus clarkii stocks in Jiangsu
Province based on microsatellites

XING Zhi-jun', JIANG Hu-cheng', LU Wei’*, QIAN Zhao-jun', YU Hong-wei’, LI Jia-le'
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China; 2. Jiangsu Xuyi Crayfish Eco-park Co. Ltd, Xuyi 211700, Jiangsu ,China)

Abstract: Genetic diversity of eight Procambarus clarkii stocks in Jiangsu Province ( Dapu, Pingwang,
Qitang, Guantan, Xishunhe, Taiping, Guchen, Yanghetan) was investigated using 8 microsatellite DNA
loci. The result showed that all the eight loci were highly or medium polymorphic. Tests of departures from
Hardy-Weinberg equilibrium indicated all 64 loci in 8 stocks were significantly deviated from Hardy-Weinberg
equilibrium after Bonferroni correction and most of them have significant heterozygosity deficiency. All of 8
stocks showed higher genetic diversity, and genetic diversity of the stocks in DP was the highest, and that of
PW was the lowest. Fg and AMOVA analysis across all stocks and loci indicated that there was medium level
of divergence among 8 stock. Fg = 0.126 (0.05 < Fg; <0.15). The UPGMA clustering tree based on
genetic distance (D,) demonstrated that the stocks of PW, QT and DP clustered into one group; TP, XS and
GT converged into another group, and GC and YH constituted a branch singularly.

Key words: Procambarus clarkii; genetic diversity; Jiangsu Province; microsatellites
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