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SEAHY F AR 5 BLPCTER g 2019 45 MW JL TR M A1 717G
HEBH 5 | R SR A [ SR S L 72 A 10 Foft s LAMKEER
2018 4T Wi 3L W 1) 5| b 22 A A9 AR 5 30 M A 1A
2016 4R A F LR N XA VT i e 2 5 0 1 R AA

R 2016 AF R AR BVLVE LM A 8 R 5 6 FH
MSCIEAL o A HER HARCREE(S B 1o XTRT A R
AP TR S H I &, I U TR IILA 22U AF
TIK BT THIBDNA

R REMSBMBEALGRIESNFENERLE

Table 1 Geographical coordinates of sampling sites and number of specimens per population

LN SRAEIR ] SR H SR A B A%
Population  Sampling time Sampling site Geographical location Number of specimens
77 RLR X ORI ooy oo
Bl AT 2021.10 R EBEE* )ﬁ L . . . N22°23,E 108722 56
Datang Town, Liangqing District, Nanning, Guangxi
T R X ooy ooy
RIKLQ 2022.07 R EBEE* )ﬁﬁ L . . . N 22°23",E 108°22 72
Datang Town, Liangqing District, Nanning, Guangxi
JUVURE T bR L = - oy
SL 2022.08 N 2331, E 108744 54
L% Sanli Town, Shanglin District, Nanning, Guangxi
: TTEIATPH IR P DX T
I IZ 2016.08 N 30°14",E 112°08’ 50
AN Mishi Town, Jingzhou District, Jingzhou, Hubei
. L bRl BA . .
I HK 2016.07 TLELITHI H B R B N 29°46",E 116720’ 49

Siguan Village, Hukou County, Jiujiang, Jiangxi

1.2 EESHNESHELE

S E e AT I g il AR R R ORG JE
7 0.01 mm) W 5 B AR BB SR A 2K
(TL) .3k Mg H K (CL) 3k B HE 58 (CW) (I 5 K
(ASL) JE15 98 (ASW) (1 1) o A T IHBRIE S RHE
ARSIV 0 1 1) 5 TR A5 MR B4 AR AL
DL KOl BEEOM LU B 2 TR SR el . AT
FEIAE T 6 WL A el S5, 4 o CL/TL,
CW/TL., ASL/TL. ASW/TL., CL/CW HI ASL/
ASW,
1.3 DNARYIZELAN PCR 1

SR FH TS 1 e / S5 TR B O 3 A T R BB AR

ASW

TL: 4K Total length; CL: 3k Jig 1 & Carapace length; CW : 3k i
Fl 5& Carapace width; ASL: i 5 & Abdominal segment length;
ASW : I§75 %& Abdominal segment width.
Bl REREZERESERNE
Fig. 1 Morphological characteristics measurement
for P. clarkii

FEDZH DNA F$E B, K60 v B AT J , A6 BE 22 100
ng/pL R4 F-20 CrKAE % . M Wang 2155 % (14
i, PG S MR o T i v B 3 LA 4 v 2 A R 1 T
WAEEE NS 124, IRE R R 2. DR B AN
SR IE [ 5 14 5% 43 3 H FAM  CHEX . ROX
PO G . 12 69865 [ W1E 54 vE IR R
FOUPREA EAS R 1G0T T BE R 43 B . PCRY IS (K
%410 pL, 4245 PCR Mix 5 pL.,ddH,0 4 pL, IE 25|
1 (10 pmol/L) 45 0.25 pL. F1 DNA #i4j (100 ng/pl.)
0.5 pLo PCRY T Hy: 95 CHIAEM: 5 min; 95 °C
30 s, Fedd iR R BE TN IR K 308,72 ‘CHEAif 30 s,
35MEH 3 72 CHEA 5 min, 5 4 CIEFE. PCRY™
5y i DU R WA R S W) 7E ABI 3730X L 35t
B WA B 34743 B, Bl Gene Marker v1.75 8 {4
PEEAS AT S5 130 TR AT o5 ) R R Y
1.4 HFEDH

A 5T OIS EE LTS E FdRifE2: (SD) RYIE
AEH, KA SPSS 23.0 3047 BN 2 5 22407, i
AR CV=(M—M,)/(S;+S)HM i 2 7 & %
(CV), X My R M, FR BT S S 800 31E , S,
S, hrifEZ . & CVAH/NT 1.28, R 2 B A
FEX TUE A S8 1) 22 5 AR R B F K. il
SPSS 23.0 F %t 6 I 28 i AnifEAL A TE B SR 2
A S T3 B AT R B 3BT, AR SRS AR T 6 35
B B S H00 F M )5 |, 2R FH R 5 BE B R 4
RAILHATRE T .
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Table 2 Microsatellite primer sequences and the annealing temperature of P. clarkii
fL iR Bk 2]l B KL/ C JiBeR//bp
Locus Repeat motif Primer sequences Annealing temperature Fragment
F:AAGCGCTCTAAGCGTTTCTG
PC4-G1 TAAA 193~2
C4-GI9 ( » R:CAGGATTTGATGGAGGTGCT o8 93209
F:TGCTAAGTCCCCCAATTGTC
PC4-G2 ATTT 212~22
¢ 8 ( B R:TGCGCGTACTAGTGGTTTCA o8 8
F:GATAAGCCAGGCCACAACAT
PC4-G4 AATA 218~2
¢ ( 8 R:TGAGGCTCTCGTCTTCAGGT 60 6238
F:CCGTGGAAGTAGTGGGAAAA
PC4-G6 (TAAA)S (E( . I . 58 228~268
R:TGATGCTTTCATGTCTGCTTG
F: TTGGAAGCCATGACTGTGAG
PC4-G4 AGTG 214~22
CA-Gas (AGTG) R:TTAGCCCGCCTCATTAGTGT o8 6
F: TGCAAGGTTGCCTTTGTATC
PC4-G12 ATAC)2 2 164~204
ca-Glz3 ( €320 R:GCTTGTTTTATAGTGTGTGGTGTG 6 6 0
F:TGCGAACCACTCAAACTTGT
PC4-G ATGT 2 168~204
ca-6a7 (ATGT)35 R:AGGCTAGCTCCAAGCATCTG 6 6820
F:CGGTCACTGTACCTGCTTGA
PC4-T1 "AGC)2 2 242~322
¢ « 0120 R:GGTCGCCTAGGATAGCAAAA 6 5
F:TTGCAGTCTGTCAGTTGCTTG
PC4-G11 TGTA)2 2 127~1
CA-GLIO ( )26 R:CGTAGTTCTGACCAGCTTCCA 6 =17
F:GAAACACCCACAAGGTCTCG
PC4-G TCTG)1 177~241
C4-Go8 (TCTGN6 R:TCTGGAATGTGTGTGTGTGC 60 "
F:TCTTCTCCCCCTCTCAGTCA
PC4-G8I TTCO)5 181~225
CAo8 (EICCIS R:CGCTGTCTTTCTCGTTGTCA % Sl—zzo
F:ATGGCGGAAGAGGAGAAACT
PC4-G119 (AAGG)21 SeGC ] ¢ ¢ 62 210~238

R:TTAATCATCGCTGCGTTCTG

T2 A TR PR A 45 Bl T R A7 0 %) i R 7R A o
J& i Cervus 3.0 8115340 i i 45 467 55 5L
(number of alleles, N,) . Wil 2% & B (observed hetero-
zygosity , H,) B2 74 & J# (expected heterozygosity,
H,) 1 £ 2545 B & (polymorphism information con-
tent, PIC) , fi i GenATEx v6.51 #4438 4 4~ i 1
YA 5 S5 v L R 4% (effective number of alleles, N.) .
[ %€ 5 %X (fixation index, F) & Nei’ s it 14 i 2 (ge-
netic distance, D, ) . F-3& T Nei’ s 4% i 2 H Mega
7.0 UPGMA REEHER

2 HR5HH

21 EEFESW

DB ZRTT 22008 o 53 0 e I B S e
PRI 6 TR 25 L B 2 b AT LN 3R 07 22 000 o 4 2R
FHT, M RRERE AT, 6 TWUR 25 LU ) 2 B e RF A 22 1] 24
FAAE BV 2E 53 o 0] g I i 28 A O A O R 1 0 25
WIS R AT 22 3 0, e K 25 5 R A 45 R 2
7, BEVERECR T, 7R 6 TR 25 L B S Eob AU 2 01

(ASW/TL F1 ASL/ASW) [ e K 2 55 ZEE KT
I L AH (1.28) 5 i e v B & b 4 3 31 (CL/TL.
ASW/TL #1 CL/CW) i 5 K 22 5 R BUHE K Tl 5t
H(F3) . BERZ R KES RECEZRBAE L
ARTE A RN 11 REAA 2 ], e B A ) B B 25 25 S K
TP

2) FNHN 3T o XF o FC i 2 R A A AR 6 U A8
LU A5 2 K000 ) ) A 6 65 SR e W 0 ) 4 SR E A e
(P<C0.01) o FIFHHT 2/~ 1) bR 022 1l 10 asi P61 v LA
L2 B 51 B FC R B IR 1) 43 25 N o & 1
BRI 2 A B) o WERRE AR U A 50 18] S T AR ALY 25
IR 2 57 T [ Jirt 285 0 O P AR 1) 7 A S [R) R B 7
B, FLrh R SRR EAREER Y B S L BB AR X
MELAIX A3, T R PRAEAAC FR M AR R ORI B
FE /N M XF 25 55 X 4% o 54 T ER S SR A A A
(R AT i 35 5 PR AR T — 30 (R AR 22 ) Y 2
B IR N P B st R R MEERE AR T8
A B S 30 T 0 3 B v o 82,6106, 1T L ARAEAAR 11
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Table 3 Statistics of standardized morphological parameters and maximum coefficient
of variation in the female and male population of P. clarkii
o WA 4R Population oy
Sex  Morphological parameter N REKLQ b SL FFIM 17 HIH HK
CL/TL 0.40+0.01b 0.40+0.01b 0.4240.02a 0.40+0.02b 0.38+0.02¢ 0.775
CW/TL 0.234+0.01b 0.2440.01a 0.244+0.01a 0.2440.01a 0.2440.02a 0.738
MEPE ASL/TL 0.360.02bc 0.37£0.01a 0.360.03ab 0.35+0.01c 0.370.02a 0.743
Female ASW/TL 0.2040.01b 0.20£0.01b 0.2140.01a 0.18+0.01¢ 0.17+0.01d 1.772
CL/CW 1.74+0.07a 1.66+0.05b 1.7540.06a 1.65+0.05b 1.644-0.24b 0.354
ASL/ASW 1.7740.11d 1.854-0.14¢ 1.74+0.12d 1.944-0.19b 2.17£0.16a 1.491
CL/TL 0.414-0.01b 0.404-0.01b 0.43+0.01a 0.414-0.04b 0.3940.02¢ 1.345
CW/TL 0.2440.01b 0.244-0.01ab 0.2440.01ab 0.2540.02a 0.244-0.01ab 0.307
T ASL/TL 0.360.01c 0.3740.01ab 0.38+0.03a 0.3340.01d 0.3640.03bc 1.277
Male ASW/TL 0.20£0.01a 0.1940.01b 0.2040.09a 0.18£0.01¢ 0.17£0.01d 1.784
CL/CW 1.74+0.05a 1.66+0.07b 1.784-0.07a 1.664-0.18bc 1.61+0.04c 1.567
ASL/ASW 1.8040.08¢ 1.944-0.11b 1.894-0.13bc 1.814+0.15¢ 2.15+0.23a 1.091

AT TINE FREAN R 1 BUE R 22 5 8.3 (P<<0.05) . Note: Values in each row without a common lowercase letter are signficantly dif-

ferent (P<<0.05).
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Fig. 2 Discriminant scatter plots and cluster plots of five populations of female
(A and C) and male (B and D) P. clarkii

Fp OB R A A L B S AR LA 43 (2 C D) o

) ) E B R AR N 46.67 %0, 25 A ) B UE TR 2R R
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(83.33%) , e A AU AT )& B ARBEIAR (66.67 %) , A H

SIHERI AN 73.60%0 (K 4) .
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F4 SARREEGBHERBEESHAZNIFTER

Table 4 Discriminant analysis results of five populations

of P. clarkii based on morphology %
HEVERE I TEERER
Female population Male population
LA
o e
Population FIBVERIRE T R g
o MRS o - .
Discrimina- .. . Discrimina-  Total dis~
) Total discrimi= . L
tion accuracy . tion accuracy  crimination
nation accuracy
accuracy
¥l AT 79.17 83.33
RKLQ 70.97 68.00
AR SL 46.67 68.59 66.67 73.60
FM J7 58.33 73.08
T HK 82.61 76.92

22 WMIESNH

DR AL ZREME 0T . 54 v FCJR B IR AT
12 A4~ f A7 A5 ) B 7 FE BN T A~12 4 (B3
9.2501™) , A R BN T 3.268 ~ 6.981 4 (°F
¥14.9404) , WA A BEA T 0.430~0.815, M4 &
JEATF0.696~0.859, Z A5 B & AT 0.632~0.840
(F£5) . 120 BEN S E T &2 A
(PIC=>0.5) , AT X6 vt Qi A Rt A 546 1) 3BT o

x5 LRARHIBASAESAEKEEIREE AT
Table 5 Characterization of 12 microsatellite loci

in five P. clarkii populations

.8 Locus SRRLEE ARG WIZeE WG ZAFEE
HEN, FEFEN,  JFEH, BEH,  HEPIC
PC4-G123 12 6.162 0.815 0.840 0.819
PC4-G97 9 4.576 0.733 0.783 0.755
PC4-G48 4 3.478 0.703 0.714 0.657
PC4-G110 8 4.732 0.720 0.790 0.759
PC4-G81 11 3.268 0.672 0.696 0.632
PC4-G119 10 3.453 0.447 0.712 0.660
PC4-G19 9 6.495 0.603 0.848 0.827
PC4-G98 9 6.981 0.599 0.859 0.840
PC4-T1 12 5.013 0.430 0.802 0.781
PC4-G4 8 4.255 0.552 0.767 0.730
PC4-G28 10 6.514 0.625 0.848 0.828
PC4-G6 9 4.348 0.471 0.772 0.736
ﬁfﬂﬁ 9.250 4.940 0.614 0.786 0.752

5 R B R R (AR Y £ 22 RE PR S RN 3% 6 P
INo SRR 2 A BE N B fE 5.167~6.167, °F

WA A S RUBTE 3.379~3.797 , -S4 WL 2 45
{H 7€ 0.574~0.644, °F 35 ] B2 Z+ & J& {H 7% 0.674~
0.729, -3 PIC {H 1F 0.618~0.674, 45FE W, 54
R B s st i 2Rk BAR R I « R DT
TRFNIGR SRR 35t 1% Z2 AR 1 e 5, 90 11 AR R L A
BRI FRIN B B AR
®6 SARREEIBHEETRIEMEE S
Table 6 The genetic diversity of five P. clarkii popula-

tions based on microsatellite data

— - ‘ T E
TR AR PEMN Pamm o
EIY SRR RAE Aepr o

GHIEN

Population

Mean N, Mean N,  Mean H, Mean H, PIC
Bl AJ 6.167 3.725 0.582 0.719 0.670
HELQ 6.083 3.797 0.644 0.729 0.674
LAk SL 5.583 3.534 0.636 0.700 0.643
N JZ 5.167 3.379 0.574 0.674 0.618
W0 HK 5.667 3.525 0.637 0.705 0.649

2) BRI AL Ak 3T o & 7 0T L, 5 A 3 R
ECUNERR ) 2 TR EE Ak . Horb, AREE(AR
L PR AR ] 9 181 52 P (F ) e/, LU Fnis
R A (0.026) 5 R PRFNI F#EA(0.049) , ¥ )8 T2
AT (F <<0.05) , i LA A AR ) ik 1 b 2 43k
IKF(0.05<< Fy <<0.15) . RIS L HE B4 0.065~
0.930, 25 B 7R , AR R PCREAAR [R] 110 358 1% 15 5 d5e /N
(0.065) , FAI N A1 I Ak HE 44 18] 9 35t 1L BE B B K
(0.930).

R7 SAERFEEIFBAKEMEEIES
(D, 3tk b)MEERE(F, HRAET)
Table 7 Genetic distance (D,, above diagonal) and
fixation index (F, below diagonal) among

five populations of P. clarkii

Pofffj;on BIA] RIKLQ  DARSL  JNIZ  #IH HK
B AT 0.466 0.660 0.120 0.413
HELQ 0.067 0.065 0.716 0.310
Ak SL 0.090 0.013 0.930 0.426
1IN 17 0.026 0.100 0.123 0.579
W HK 0.066 0.049 0.067 0.092

FF Nei” s iG55 R I UPGMA Jy i a1
5T (R R EE MRFEAR Y SR IEMT . LS Wow WP 5%
HE I 5 AR TT 2 K S (1 3) 30 R A
FFRDM B 2l — 3 T R R AR e 5 AR 2R
FKh—HIEHESM ORARE NS —F .
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Fig. 3 UPGMA clustering tree of five P. clarkii
populations based on Nei’s genetic distance
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FRPH AR 1 AL FE B B0/ SR OC REUE X 5 IR M
TR 55 900 PN B A 1) TR 285 0 R R — B, LR R A
Frift—20 9T o R RIS AR 1A i 38t % 1 5 de
AN RGO R BT, R B R ARTE RS | R AT AT /8
E 7 A T R 2 I M A R A SR A AR e A T

BT . 3 Ah, B BRER 5 H 2% 38 5 AR o U5 b 1Y)
2 - TP S A R R 0 2 AL BE B AR, T BB R R A
(1) PH 7 FG 5 8 0 5 B A 14 2 7 3 ol 45 M AE AR [ 1)
SER A, RSB R A S L A AR gt A 2
SRR (2) 258 G W IR B AR fE TRt i fE v 5 1
fbRE A = A T IR 2% o 38 OB AR S — A IR
KB R SRR, 5 MRTEAORD K DR IR 11 328 A%
B K, GEG R R B (B S EEEME AT
R b MR A R R DR A LA A v T S AR DL
X 5 T B I PR B AT A 5 A, B
Fofr 105 T 25 1) 728 b A 30 55 ik B Ay Sk G 2, e B
OB AR

P ) a8 AL 22 1 R i L X BRSS9 3 1 A
s, UEAR RO TR AR K . X R st A5 22 REE A A5
JE B AR AL, W L 2R AR AR Y
ol 5 9% Y5 5 A RE S A R AT B RO, B R R AL
R ARKREE A R R, 12 N S AE 5 AR B
HF I 5 2 A (0.632<CPIC<C0.840) ) | 1 JE Xf
i QRS MR 5t A% ZREE T IR . Je B FERR AL
MR TR SRR A a8t A5 2 BT DE A Y
FHEFEIR 2 —, 22 B Bl e A R O
IR A B RAR YRR TP AR S B e 28 A T
SRR S 2% BE A L, BB T v A b S R (AR 1Y
AL RN AR 12 AN LR A
SR I A B SRR 0.786 , R IAREIR 22 & 1 K
A, 5 AR A ARGE A H S TR X Y KT
K FR A — BE BRS04 XA AR R,
LR X TSR R AR Y AR S PG 5
A T S U A X LA KO 9 35t A 2 M
(0.674<CH,<<0.840, 0.618<<PIC<0.674) , 5 > £ 1A
(37 2 109 B e B B v T S 0L 4 5 B, 16
FE5A o [RJRE IR B A P A 20 T R R
U005 n] BB R T RO A RLRR A /N L BT R
BN, 77 AR T AR IR AR AR IR N, 8T AR A AR
F 4B

25 bR ASBF Y L T 124 TR A 0 T I
i 285 R 1) 5 GR35t A 2 R SR AT VAT 25 S 3R
BH V8 p T SR A o T B MR 5 B A A AT 3 1
WG Z R DI A0 5 | i s ] 9 A () b, 2R Y5 A 4
1) 2338 1] R 2 2 o [ R B R R AR S A% 2 PR M 1 o
BLEAR A R IR B MR 25 5 R MR = &
FReEft T2 50k
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tured populations of Sciaenops ocellatus [D]. Wuhan: Hua-
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Genetic diversity analysis of farming Procambarus clarkii population
based on morphology traits and SSR markers

HU Qian', WANG Qishuai', HUANG Jin?,ZHU Weilin?,
CHEN Xiaohan?, CHEN Xiuli?, LI Yanhe', PENG Min*

1.College of Fisheries/ Key Lab of Freshwater Animal Breeding,
Ministry of Agriculture and Rural Affair, Huazhong Agricultural University,
Wuhan 430070, China;
2.Guangzi Academy of Fishery Sciences/ Guangxi Key Laboratory of Aquatic Genetic
Breeding and Healthy Aquaculture, Nanning 530021, China

Abstract To objectively assess the genetic diversity of Procambarus clarkii cultured populations in
the vicinity of Nanning, Guangxi, three populations of P. clarkii from Nanning (AJ, 1.Q and SL), and
one population each from Jingzhou, Hubei (JZ) and Hukou, Jiangxi (HK) were collected. The level of ge-
netic diversity was investigated using morphology and microsatellite markers. Morphological analysis
showed that the total discrimination accuracy of female and male populations was 68.59% and 73.60% , re-
spectively. Morphological clustering grouped the three Nanning populations into the same branch as the JZ
population, indicating that the three Nanning populations had high morphological similarity. Microsatellite
analysis revealed that the AJ population and 1.Q population had the highest genetic diversity, followed by
the SL population and HK population. The genetic differentiation coefficient and genetic distance between
the L.Q population and SL population were the smallest. The results indicated that the populations of P.
clarkii m Nanning, Guangxi had high genetic diversity, and that the introduction of P. c/arkii from abroad
or hybridization between different geographical populations may be an important way to enhance the genetic
diversity of P. clarkii.

Keywords Procambarus clarkii ; morphology ; microsatellites ; genetic diversity
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