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Fig.1 Sampling sites of 9 P. clarkii populations

JL. Jianli populations, JH. Jianhu populations, GH. Gehu populations,
XH. Xinghua populations, TL. Tongling populations, MAS. Maanshan
populations, WH. Wuhu populations, XC. Xuancheng populations, HF.

Hefei populations; the same below.

1.2 3I¥IHER

AT WASLIA, ARSI T Schuelke
TP-M13-SSR 4% A&, 48 M13 1F [ 51 HY 554 b
BEHRIC (1), EH 10X &kE . P &M
I 2R TR R AR SSR 5141 Y

£ 1 SEHHREKAFICHN MI13 ERSIHRFES

Tab.1 The M13 forward primer

fluorescent-labelled at 5'end

NG

M13-B FAM 5'FAM-CACGACGTTAAACGAC-3'
M13-G VIC 5'VIC-CACGACGTTAAACGAC-3’
MI13-Y NED 5'END-CACGACGTTAAACGAC-3’

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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W] 519 F1 M13 519 AH 3% VE - M13-SSR i IE 7] 51
Yy, HIE®RIER SSR 5#1E A M13-SSR 1 [
5191 (3¢ 2); MI13-SSR 5| ¥) J¢ 5%y A 24 ehric

B MI13 1E [ 5905|903 B A T A TR (i) i
A BRA F A .

#z2 REEREIT10XHIE5Y

Tab.2 Primers of 10 microsatellites in P. clarkii

(DA = ElEvlE27 1B KR E/PC AR IR Fr BRI bp
locus primer sequences annealing temperature repeat motif and times size

PclG02 F: M13-TGGCGAATTTTGCCTGTTTCTGTC 56 (GATA);GAGAA(GATA); 216~224
R: CTCCCCATGCACTCTGGCTCTGT

PCL33 F: M13-ACAACTAACTGCAACTCATTCTA 56 (TG)39 132~158
R: ACTCCTGTCCCATTTCACTAC

PCL29 F: M13-GTCTCTTCCTCCCCCATTCTCAC 56 (GA),; 170~214
R: FAM-CACTCAAGCCTGCCCTCACTC

PCLO02 F: M13-ATCAAATCAAACGAAGCAAGAAAG 56 (TG)3q 245~271
R: GAAGACGGGACACCACGAG

PCL28 F: M13-GTCAGCCTCCACCACATCACTT 56 (CA)y9 229~239
R: CCTACCAGAGAACCCAAAACAGAA

PclG33 F: M13-CAAGGAAGCGTATAGCCGGAGTCT 68 (GT)y; 120~180
R: TTCGAGGCGTTGCTGATTGTAAGT

PclG37 F: M13-AGATTCAACGCTGTGTTCCTGATC 66 (CA)4,CG(CA)5CG(CA)y3 80~180
R: TAAATAAGTGGCGTGTAAGACGAG

PclG03 F: M13-AAGCTTACAATAAATATAGATAGAC 52 (TCTA)y 216~420
R: CTCTCCACCAGTCATTTCTT

PCSHO07 F: M13-TGTACTGTTCCACTTGTTGGTTG 55 (AG), 120~200
R: ATTTGACAGCATAAATCATTGGC

PclG29 F: M13-TTTTTGGGCTATGTGACGAG 56 (TATC), 95~165
R: GAAAGTCATGGGTGTAGGTGTAAC

1.3 PCR ¥ # 5 H3B 5347 2400 PP

PR KIS 2 3E 77, 45 1 454 SSR 5] o 1200

W15 MI3 I3 MAREY 80 MI3-ssR 31, 2 2 ) .

928 SSRAMPMIIOARIL, M MISSRS & 5 180 210 240 270

51915 SSR IE [l 514147 3 3K #5419 PCR 774 5 3% 1 E 5 L2

M3 OB MY, R PCR K R 2 1 a0

B KR 0 T AR AL . AT e, e < 1200 Jl 1

PAGE il 51 ¥ (4 R0, AR e L A i SR 0

AR P A AR TR TR (L) e A 180 ftlf@m/b 240 270

P

PR m) AT 232 (K 2),

K FH#RF POPGEN 3.2 S8 b1 {4 11 35 14 2 B
S, MR 3E Botstein 2 X i1 8 Hardy-Wein-
berg it f% i 25 75 2L (D), K H Bonferroni J5 5K
IE AR s TR BAG EHR B (Fy) Sk R
(N,,) FI %A CERVUS 3.0 Gi it 4750 F 5 2%
43 HT (AMOVA); Structure 2.3 P27 S5 5 4 % Bf 44
() 5t A G5 MR AT e T RN A3 B s R T st A R B
Mega 4.0 K AF# #: UPGMA RGEIELR .
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(N) 7 3~33 4 CE1 1570 1), A %0045 o7 5 L
(N)H 1.50~13.89 (F- 3 476 4), WL Z% 4 B
(Hy) 79 0.12~0.91, WIHHZ:4EFE (H,) A 0.33~0.93;
BWIR Z M B & & (PIC) 7 0.31~0.92, BR

T PCL28 v s A EE 2 A5 EAN, HAl 9 AN 534
J& T 2 B (PIC>0.5) (3 3), W H T
TR LSS AT

®3 RRERET IS MIEMREESHESH

Tab. 3 Statistics of number of effective alleles, expected and observed heterozygosity and

polymorphism information content for microsatellite loci of P. clarkii

AL FEA &/ S A R L A R A R L R A A BE WA ZHMEEREE

locus sample size N, . H, H, PIC
PclG02 270 8.00 3.97 0.52 0.75 0.71
PCL33 270 15.00 3.58 0.66 0.72 0.70
PCL29 270 33.00 13.89 091 0.93 0.92
PCLO02 270 20.00 4.37 0.16 0.77 0.75
PCL28 270 3.00 1.50 0.12 0.33 0.31
PclG33 270 13.00 247 0.24 0.60 0.57
PclG37 270 20.00 3.27 0.43 0.70 0.68
PclG03 270 14.00 4.88 0.24 0.80 0.77
PCSHO07 270 14.00 3.62 0.63 0.73 0.68
PclG29 270 17.00 6.03 0.40 0.84 0.82
SFH){H mean 270 15.70 4.76 0.43 0.72 0.69

9 > 3 [ R BR IR BER (270 ) o3t 1E 22 AR 1
mkapin, MR L, 9 NREAREEA 5 E
ekt BHAK P Z RS L R,
XC FEATE S50 FE 8 (V,=7.70) . A 55 N
£ (N=4.40). Wz 5 B (H,=0.50). WIEEZH
(H=0.74) Fl Z & A5 B & i (PIC=0.67) ¥ &,
55 H A AR ] B AA A 25 2% 5 (P>0.05), 1M1 JL A
K B 315 ZREPE AR (PIC=0.48), HBEARNY 8L
ZREMEA R . B L 9O MR A E Y
WAL LR, HAZH0nIX N T R SR £
P ok e F At LA AR

R4 RREETNMEHANEESENESY
Tab.4 Summary statistics of genetic diversity of

nine P. clarkii populations

JL JH GH XH TL MAS WH XC HF
N, 510 630 550 620 6.60 570 630 7.70 6.90
N, 270 321 285 355 332 3.16 320 440 4.03
H, 043 041 042 033 047 044 045 050 043
H, 054 0.64 0.58 0.67 060 060 0.60 0.74 0.65
PIC 048 059 053 062 056 055 056 0.67 0.60

F| F Hardy-Weinberg “F-#7 %5 9 SR A BT
B S FE AR S TR S, 9 N RER S 7 10F
gL g B T8 BN —0.568~-0.178,, £ 4 e %
iE, 9B R 2 8007 s 34 12 2 il B Hardy-

https://www.china-fishery.cn

Weinberg “FAfif (% 5), S5IHABRAM L, HF #fk
60 i B AR R e v, JIL D XCHL AR ) g 5 A 2 e A1
BEAN, N T FRFHREAR RN A B A LB 22 5 Tk
KIG, HTHEABRWER S, FERRK
W JE AR 5 R A R A, BRI S A A
A[E) i 25 Hardy-Weinberg -7 F2 R, MELHE
Hiu DX 5 QB MR N TR AR A st AL ol R AR S %

22 MEREES LS

i, [CJREEHE O AN FHAR LRI (V) SRE AR 8L
SR B (Fy) on, 45 B4R ] L R 3 R 1,028~
10.299, A[FBHRZ AL Z RN 224,
GH 1 JH BEAR ] (4 FE R 32 i )12 (Np=10.299),
BEIR B AL 0 AL H8 50 0.024~0.196, HF R T XC
BEVR 73 ML AR B 524K (Fy<0.05), HF B4 5 HiAl
BERIY Fy YR S BE 40 (F>0.15) (5K 6).

9 /> B [ D B MR AR 35 4% A DL R BiORn 8t 1% 1R
BRI R, SRR L AL R A (1)  0.078~
0.939, BALHEE (Dy) M 0.064~0.746; WH Ff {£&
5 IH R M AL IR /N, AR AL R
1M JH BHA S XH BHAR M BE IE s ick, astfLAH
FE /N (7)o AMOVA 7 #25 RE W, 88.58%
ML 78 S ok H RN R S, AR Y (11.42%)

K A BEARBE AR S, BEOR A S 21k B0 B 3
K- (P<0.01) (3% 8).
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®5 RREERINMHFERREER D)

Tab.5 Deviation (D) assessed for the nine populations of P. clarkii

(DA BEAmETREC D

locus JL JH GH XH TL MAS WH XC HF
pelG02 0.077"  -0.365" -0.115 -0.486 -0.094 0.255" 0.182 -0.474 -0.123
pel33 0.452 0.206 -0.009 -1.000 0.142 0.292 0.002 0.075 -0.614
pcl29 -0.077 —0.115 0.026" —0.030 0.118 0.038 0.118 0.117 0.106"
pclo2 -0.724 -0.910 —0.666 -0.812 -0.875" —0.748" -0.833" —-0.692 -0.732
pel28 0.035 -0.523" -0.357 -1.000 0.092 —0.205 -0.272 -0.786 -0.627"
pclG33 —0.485 0.069 -0.230° -1.000™ -0.125™ 0.027" -0.113" -0.621 -0.764
pclG37 -0.209 -0.395™ -0.369" -0.371 -0.190 —0.183 —0.344" —0.434 —0.446"
pclGO3 -0.389 —0.740 -0.696 —0.687 —0.583" -0.899 -0.738" —0.360" —0.686"
PCSHO7 -0.161 —0.429" -0.181 0.046 0.185 0.040° -0.029" —0.041 -0.137
pclG29 -0.301 —0.452" -0.551 —0.344 -0.731 —0.746" -0.438 —0.241 0.025
FHIE  mean -0.178 -0.366 -0.315 -0.568 -0.206 -0.213 -0.247 —0.346 -0.400

e 2RIRGT E R KT (P<0.05)s F RS AR K H(P<0.01), Tl
Notes: * indicates statistically significant level (P<0.05); ** indicates statistically highly significant level (P<0.01), the same below.

=6 TRRRE 9 MEFEER (N, XALZL) MBESURER (F, MAZT)

Tab. 6 Gene flow (IV,,» above diagonal) and genetic diversity (Fy, below diagonal) in nine P. clarkii populations

JL JH GH XH TL MAS WH XC HF

JL 4.623 3.889 1.436 2.467 2.184 3.001 1.187 1.038
JH 0.051 10.299 2.543 2919 5.674 9.710 1.660 1.360
GH 0.060 0.024 2218 2.480 2.556 4.720 1.626 1.320
XH 0.148 0.090 0.101 1.753 2.037 2.268 1.542 1.282
TL 0.092 0.079 0.092 0.125 1.783 2.604 1.386 1.028
MAS 0.103 0.042 0.089 0.109 0.123 6.210 1.252 1.111
WH 0.077 0.025 0.050 0.099 0.088 0.039 1.540 1.354
XC 0.174 0.131 0.133 0.140 0.153 0.166 0.140 5.674
HF 0.194 0.155 0.159 0.163 0.196 0.184 0.156 0.042

®7 RIRREI 9 MEHAEEERURR I, MRLL) REEER (D, MALT)
Tab.7 Genetic similarity indices (I, above the diagonal) and genetic distances (D,, below the diagonal) among

nine populations of P. clarkii

JL JH GH XH TL MAS WH XC HF
JL 0.902 0.896 0.691 0.821 0.834 0.868 0.507 0.546
JH 0.103 0.934 0.733 0.786 0.915 0.939 0.474 0.527
GH 0.109 0.068 0.724 0.787 0.848 0.848 0.511 0.542
XH 0.370 0.311 0.324 0.655 0.723 0.723 0.553 0.555
TL 0.197 0.241 0.240 0.423 0.743 0.743 0.570 0.553
MAS 0.181 0.089 0.165 0.324 0.298 0.876 0.475 0.552
WH 0.142 0.064 0.091 0.330 0.239 0.078 0.494 0.564
XC 0.680 0.746 0.672 0.593 0.563 0.745 0.706 0.883
HF 0.606 0.640 0.612 0.589 0.592 0.594 0.573 0.124
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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Tab.8 AMOVA analysis among P. clarkii populations in Anhui Province
25 SR Fi A 5 541y R4 W% MEEERE R
source of variation dr sum of squares variance components percentage of variation F-statistics (Fy) P-value
TR 8 213.720 0.394 11.42
among populations
TN 531 1624.517 3.059 88.58
within populations
Eit total 539 1 838.237 3.454 0.114 0.000”

FET Nei [t 14 15 2 % o [Q R AL IR 9 e
I UPGMA RGR, G5RWoR, 9B 45
54, B WH, GH, MAS I JH BHAR —4 ,
XC 1 HF #HK [ J& T —4H, 1 TL. XH K JL B
533 H R —2 (E 3).

H Bk
WH 5Bk
GH imillHik
MAS Tl BEfh
L GRIREE
TL AR

| L XH B
——— XC kB
ARG

030 0.25 020 0.15 010 0.05 0

B3 ET Nei RiZEHEZER UPGMA RAEH
Fig. 3 UPGMA clustering tree based on
Nei’s genetic distance

23 MEIEEERON

ARWFFEARYE K AEXT N S E S, ZM
K=5 B VBT (4, & 5), UEEHARAT AT RERYE
FREERCH 5. I ST K=3. K=4 fl K=5 [
LRI EL, FEFRBERE A T XC 1 HF 2 SRR
1) R 22 A AR o3 B B AH R I st B BE O v, ik
B E AT EL A A v W st A AU 5 T Al 7 i AR

AK=mean(|L"(K)|)/sd[L(K)]

AK 18
caculated AK value
— N W BN W
S O O O O O

2 3 4 5 6 7 8 9 10 11 12
K e
inferred K value
4 i Structure SRIFHITII AT REME RN AK T4
(FIA Structure 3 12 RE ST HE AK I F171E)
Fig. 4 Plot of mean likelihood values (averaged across
12 runs) and estimate of AK for each possible value of

K using the data obtained from Structure software
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AR B AL (V) 15.70 1, PRI RL
N FEEL (V) 4.76 1>, 5 Yue 55" Zhong %5
FURE FR N & RA i m, BAEELS
P, AT B 352 5 SRR T2 5 L AL
X5 R AR A A S 1 22 SR WA oG, R
7 AR R f TR A R, B SR AN [ A D0 4 AR
AT T A T RER I L K22 R, WHIAN
0 RG] 7 AR S S5 47 35 DR A T ) 43 6 TR A
PEBIA R BRES, Z285E (B &R (PIC) 4 031~
0.92, MRHEAHCARAED, w2 BN PIC
KTF0.50, Wi/NTF 0.25 B RIRE LN &, &
WEFEHBR T PCL28 i 5 B At Ak, Hifthdy
BT 2SN, WREH T AR RE £
BEPES T o

o QIR HRE Ry —Fh AR FR, i FHEA
B A A, R E i IR KK
PR 2 — P, ARG AT SR A TR R ) M X R
JB ) o R D R R A SR A 5 R I e FG SRS MR R A
1R, KPR B v FC R B I ) ELA B st
fEZREPED, SR TR T R, FRE 4
Hi X T T R Y v GRS MR N T 3%, T
AR A KA RS B2 5 AT SR 80T AN [] ol
BEZ R [R) 9 T st KO R G ZRE . ARIF5E,
9 MRHAY B A B S s 2, K, XCHRE
TR 8t AL 2 R 1 35 T R 2 50K (P>0.05),
Al RS HAZ I &R AR BRI 56 1T JL AR
e ZHE R B E IR T RE2EEH A, N5 2N
T Bl R m A A A G, 2 N T FRA R
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Fig. 5 Output from the program Structure assuming (K=3), (K=4) and (K=5) nine populations of P. clarkii

TR B K2R, TS HE
FhEE AR S B R SERIEARAR G, BRI, RN
THREBEAR R A Z R & TR B R, 5
Zhong S5 FIZ=HE A H B B BE AR LE PR FE T
PRt WA 22 RE I o 3X AT R R T A Fh D
B Z WG AN F AR [/ 258 560, 7
AT IR P AR S, AR AR R B i AL
Z #% . Hardy-Weinberg “F-fif 2 B, 9 SHEIAR LY
FAAER F A G F ok, Hrp HF R R T %
H, BRIT Yue M R, X TTHEE M TAIGH

BN FAE BEHL A BE 5 R, 2B S F [ v
R EF 8 IX 22—, HFRFARE R NZ A 7E R

TR . T o [C I A MR 1Y) BB i T i
FEN T35 5 3 A P i ) e J o 2R T 1) e G i
BRAMARI) & AR AT, L, A BN SRAR [R] X 45k
] R REAR FEA T AS T, LA Bkt 30T 2 S A IR
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Genetic diversity and structure analysis of Procambarus clarkii populations in
Anhui Province

CUI Wentao ', ZOU Yufan', BAI Zhiyi "”, WANG Zhiyan', LI Dianzhong’

(1. Key Laboratory of Genetic Resources for Freshwater Aquaculture and Fisheries, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture,
Shanghai Ocean University, Shanghai 201306, China,
3. Wuhu Shengdian Leisure Ecological Park Co., Ltd., Wuhu 241200, China)

Abstract: Anhui is one of the main areas of artificial crawfish (Procambarus clarkia) farming in China. To under-
stand the genetic diversity of cultured P. clarkii populations in Anhui Province, this study selected three artificial
cultured populations of P. clarkii in Anhui (WH, XC and HF) as the research object, with two wild population of
P. clarkii in Anhui (TL and MAS) and four artificial cultured populations (JL, JH, GH and XH) as control. Ten
pairs of P. clarkii microsatellite primers were selected to study microsatellite genetic diversity and genetic struc-
ture. The results revealed that the genetic diversity of P. clarkii artificial cultured in Anhui was higher than wild
population and four artificial cultured populations (JL, JH, GH and XH), and the XC population had the highest
genetic diversity. Tests of deviation from Hardy-Weinberg equilibrium indicated all 10 loci in 9 populations were
significantly deviated from Hardy-Weinberg equilibrium after Bonferroni correction and most of them had signi-
ficant heterozygosity deficiency. AMOVA analysis showed that genetic variation was determined within the pop-
ulation. F; in most groups showed moderate differentiation (0.05 < F; < 0.15). The gene flow demonstrated there
were extensive gene exchanges between different populations, particularly between GH and JH. UPGMA tree
revealed that XC and HF belonged to the same clade, and WU. GH. MAS and JH were in the other clade,
whereas the remaining populations formed their own clade. STRUCTUR results showed that most individuals in
XC and HF populations were assigned to the same genetic population, suggesting that they may have the same ori-
gin. The results showed that the cultured population of P. clarkii in Anhui had high genetic diversity, which
provided reference for the protection and improvement of P. clarkii germplasm resources in Anhui.
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