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1.1 #HARE

FRAE R IR REAR F 2022 4F 4—6 A 0 R &E T
AR 42 CHCDA) | 5 ¥ £ °F (GGGP) | K Ak Bl )1
(YLLC) KB M BB (WZTX) Ml M filt /K (LZRS) | #E
M CGLLS) ., %8 M\ 2 (HZBB) ., B 7 % M
(NNHZ) . & {5 H Ak (BSTL) Fl & €838 3 (BSNP) %
10 AR By 2t 30 A0 RE L B> FhRE 30 AR (R D,
HE R AR BN 300 AN 1A T A FH BBCR FH 6 UK & B 26
VKA J7 AR FRAC L, 32 11 5256 % )5 #5147 LA DNA
FEACRAE P IMAGE & JBK O BEE T —20 CRA%
o SRFE S RO B WA 1 R,

1 JTEPEEHERERER
Table 1 Sampling sites information of C. cathayensis in Guangxi
il P =8 EREa s A KL/ A R4 H
Population Sampling site Longitude and latitude Number of sample/ind. Sampling date
HCDA Du'an Yao Autonomous County 23.93°N,108. 10°E 30 April 2022
GGGP Guiping City 23.39°N.,110. 07°E 30 May 2022
GLLS IAongshcng Vafious Nationalities 25. 79°N.110. 01°E 30 May 2022
utonomous County
HZBB Babu District, Hezhou City 24.41°N,111. 55°E 30 June 2022
LZRS Rongshui  Miao  Autonomous 25.06°N,109. 25°E 30 May 2022
County
WZTX Teng County 23.37°N,110. 91°E 30 April 2022
YLLC Luchuan County 22.32°N,110. 26°E 30 June 2022
NNHZ Hengzhou City 22.68°N,109. 26°E 30 May 2022
BSNP Napo County 23.38°N,105. 83°E 30 June 2022
BSTL Tianlin County 24.29°N,106. 22°E 30 June 2022

1.2 E[FE4 DNA ZE.PCR ¥ &1l 7

W 20 mg B 6 E 2 L. SR ]G RS ik D 4
DNA #& B & LR AR AR b s A R A A 52
WO R 20 DNA, 28 8B I R & 48 (BIO-RAD, Gel
DocTM XR+) F1 1 %6 35t i il 56 J5¢ B UK A6 D 5 4% )
T —20 CRAF# ] o A DRABZH w301 0T o ] (5] 1 28
R SR AR5 E EH K EYHARF B d L (NC-
BD % 55 3 PRINAS17831 4T fi e I6 UE . #8715 T
22 X ST ATIY . Z28F B & &2 (PIO N
0.247—0. 848, AWFFE Mk +E 12 X PIC KT 0. 50

B D RS T M. 12 XD R 518 ¥ 90 i
M13 3 4% 3k 9 (TGTAAAACGACGGCCAGT)
£ LS 5" J5 1 #EATAE M . OF A B R R 28 ot Jk
AR M13 $23k F41 (£ 2) . PCR R R &R B REL N
15 [J.L,@,/é\ 2 X Taq PCR Master Mix 7.5 pl, Mix
primer 2. 0 pL,DNA #4z 1 pL #l ddH,0O 4.5 pL,
PCR ¥ ¥EFE)¥ .96 “C WA M 3 min; 94 CAEHE 30 s,
62—52 CiEk 30 5,72 “CHEMH 1 min, 3L 30 MG ;
72 ‘CIEAH 10 min.4 CHRAF, B 3 pL %% PCR ™
Yy 2 B NG W E IS L UK %5 8 B AR R L R4 ABI3730xl1
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Fig. 1 Geographic location of sampling points
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Table 2 Sequences of 12 pairs of microsatellite primers in C. cathayensis

7 2% HE T 51450 (5'—>3") IR /N/bp PHFRIC (57
Locus Repeat motif Primer sequence (5'—3") Size of product/bp Fluorescence labeling (5")

F:CGTCCTGCTTCTTCTATCGC

CMS063 (TA R:GATGCCAGACAACAGAATGC 160169 FAM
CMS009 (AT, F. TAAATCGTTCCACGTGCTCA O TAMRA

R:GCAATTTCATGCCTAGCTCA
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DNA |4 (Applied Biosystem,Inc. , USA) #H47%¢
e HL KA I, IF 4 B4 AGeneMarker V2. 2.0 X
Ji b B s AT 2kl 3 AL,
1.3 HEHH

] GenAlex v6. 501 FAE 315 12 A DA
AL AE 10 /> 1 BARHE b i S5 AL L PUEC(N e AR5
PE 3 N B (Ne) WL 2% & 2 (Ho) VT B 2% & %
(He) , IF5r Hr R el B9 Nei's jot 44 05 25000 | 90 5 o 70
[i] 9 358 1% 73 A48 B (Fse ) I R AT B4R £ (D) DL i
11 F AR T (PCoA) o 45 R H] Y 5 PRI (N ) 3
AN Nm=0.25(1—Fst)/Fst . 5% I 2 45 54
CF ) fi 15 L0 2% 5 B 25 1 A -TRL1A 4% (Hardy-wein-
berg) °F i 1 & B, it B A XK F = (He —
Ho)/He, &M Cervus 3.0 BB ML E N £
BAF BRI TI7 220 (AMOV A) T 5 Rl B
I 1 38 7 25 kL b R ) B4 3R 2 4 B 2R Phylip
3. 6. 6 FAFAY AR AL AL 35 1% CUPGMA) 1 # R 48
PEER . R A Arcmap v10.8. 1 #{Fid 4 P 1EH
®3 PHEEHE RAHIESIUNEESSYE

HH IR A RE B 7 B A5 2 R 3K vegan ™ X 15t f%
55 PR B FT Mantel 23047,

2 HRE5SMH

2.1 MIEMNAMNESH

12 X PRSI AE 10 A M B Fp#E o 3L ) 5]
140 AAEA7 5L L A5 7 S 2 (Na) 2l 5— 30, F 34 1{E
Hyo12, Hodr CMS092 i s 1 Na & 2 (30 1),
CMS016 i i Fe D (5 ) 5 A B5F AL I (Ne) 2y
1.674—13. 871, F¥{E R 4. 170K 3) . HFRAGEIE
(IR 0.822—2. 869, W A4 & (Ho) My 0. 253 —
0. 651, A4 BE (He )} 0.403—0. 928, [# 5E 48
B(F)H 0.191—0. 639,12 M S F HKT 0,3
25 67 13 3 O 5 15 4G - I A 4% (Hardy- weinberg) F
i, 120008 2 BfF B & & (PIC) 2N 0.373 —
0. 923, FHME K 0. 632, Hr Al 9 A4k T BE 2 50
F(PIC=0.5) A 3 4T BE Z 8 PEAL AT (0. 25<<
PIC<C0.5),

Table 3 Genetic diversity of 12 pairs of microsatellite primers in C. cathayensis

A A B T WL 2 & B BB REE 250 E L
o FEHE(Na) FEH L (Ne) *‘E/Tﬁl(f)/ (Ho) (He) [ﬁ]i?ﬁ’ﬂ(f“) /E\E(PIC}
Locus Number Numbe_r of AShannonA s ()bservedA ExpectedA Aleatlon Polymorp_hlc
of allele effective information heterozygosity heterozygosity index (F) information
types (Na) alleles (Ne) index (1) (Ho) (He) content (PIC)
CMS016 ) 2.146 0. 846 0.318 0.534 0. 404 0.428
CMS190 11 5.674 1.931 0.483 0. 824 0.414 0. 801
CMS055 8 3.320 1. 399 0.253 0.699 0. 639 0.655
CMS066 15 4.575 1. 816 0.498 0.781 0.362 0. 755
CMS092 30 13.871 2. 869 0.393 0.928 0.576 0.923
CMS063 6 1.674 0. 822 0.323 0.403 0.198 0.373
CMS046 10 1.931 1.023 0. 388 0.482 0.196 0.453
CMS085 6 2.681 1. 165 0.476 0.627 0.241 0.556
CMS143 19 3. 005 1. 664 0.522 0.667 0.217 0. 640
CMS072 17 5.098 2.029 0.651 0. 804 0.191 0.781
CMS042 7 3.325 1. 420 0. 469 0.699 0.329 0. 654
CMS058 6 2.735 1.172 0.433 0. 634 0. 317 0. 565
Average value 12 4.170 1.513 0.434 0.674 0. 340 0.632

2.2 WM 10 M EMBENEESEYE
AR [ R 10 A b SRR RE (9382 15 Z REPE AN SR 4
i, AEE HE 10 N BF A Na h 2.0 —
6.0,Ne A 1.474—3.467,1 }0.415—1.226,Ho N
0.231—0.540, He } 0.239—0. 608, 3¢ B A [a] Hb 3

PRI A Z RO F W F 9 0. 045—0. 210, 4%
MR B Hardy-weinberg -7 , 38 B Fh B P9 19 460
HBeE it 2, Hod, NNHZ R i 4 2 B4k
V-5 - BSNP TR (1935 4% 20 R 1 K P B fi
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Table 4 Genetic diversity among 10 geographical populations of C. cathayensis

A AR TAAH B W 2 45 B W5 B
i Bht I (Na) EEHE(Ne) BECD (Ho) (He) [ 2 $8 5 (F)
Population Num%er Number Number of Shannon's Observed Expected Fixation
p of allele effective information heterozygosity heterozygosity index (F)
types (Na) alleles (Ne) index (1) (Ho) (He)
BSNP 30 2.0 1. 474 0.415 0.236 0.239 0.053
NNHZ 30 6.0 3.467 1.226 0.459 0.592 0.210
BSTL 30 6.0 2.893 1.121 0.471 0. 560 0.124
HCDA 30 3.0 1.675 0.531 0.231 0. 300 0.199
GGGP 30 5.0 2.554 1.022 0.415 0. 530 0.182
GLLS 30 3.0 2.229 0.903 0.498 0.524 0.045
HZBB 30 6.0 3.276 1.194 0. 540 0.581 0.035
LZRS 30 6.0 3.301 1. 184 0.499 0. 608 0.161
WZTX 30 6.0 3.132 1.172 0. 486 0.558 0.109
YLLC 30 5.0 2.710 1. 046 0.475 0.562 0.124
Average value 30 4.8 2.671 0. 981 0.431 0. 505 0.124
2.3 BEEBEMBESN BALE R WoR , HCDA Fi BEFI BSNP F ¥ 2% 54 4
HAE TR TR 10 > M BEARRRE ] A A2 RS (DO Rl — 3¢5 T GLLS, GGGP, WZTX, HZBB, YLLC,

WAL — P (DD 2 51k 0.032—0. 961 F1 0.383—  BSTL,LZRS Fl NNHZ Fl#f Bl — 3, LW 8 A Fb
0.969.H " HZBB Fffif 5 NNHZ i ff AUt fe fimg  BERGOCRBOL (B 2). PCoA 4 REK W HCDA Fi
FRIE(D = 0.032) , jit f& — Btk i K (DI = 0. 969) ; TE5 BSNP FfE 25 2R g — 3¢ AR M IE I A B 2R AR
HCDA it 5 GLLS Fhif i it BE B I 8 (D = — 2, 1X 5 UPGMA RFEL5R B (& 3),

0.961), M — B /N(DI =0. 383) (£ 5)., FhEf

x5 HERERHEZ10NMMEMBEENEEES(D,NALT)MEE (DI, NRH%E)

Table 5 Genetic distance (D, below diagonal) and genetic identity (DI, above diagonal) of 10 geographical populations of

C. cathayensis

BSNP NNHZ BSTL HCDA GGGP GLLS HZBB LZRS WZTX YLLC
BSNP 0.527 0.555 0.413 0. 464 0. 445 0.519 0.621 0. 405 0. 491
NNHZ 0.641 0. 856 0.505 0. 797 0.565 0.969 0. 835 0.946 0. 854
BSTL 0. 589 0.156 0. 480 0.691 0.675 0. 841 0. 839 0.832 0. 954
HCDA 0. 885 0. 684 0.733 0. 409 0. 383 0.523 0.506 0.477 0.461
GGGP 0.768 0.227 0.369 0.895 0.497 0.769 0. 658 0. 747 0.674
GLLS 0.810 0.571 0. 394 0.961 0. 700 0.553 0.594 0.553 0.601
HZBB 0.656 0.032 0.173 0. 648 0.263 0.593 0. 831 0.911 0. 841
LZRS 0.477 0. 180 0.176 0. 681 0.418 0.520 0. 185 0. 754 0. 847
WZTX 0.905 0.055 0.184 0. 740 0.291 0.593 0.094 0.283 0.819

YLLC 0.712 0.158 0.047 0.775 0. 394 0.509 0.173 0.166 0. 200
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o oo 2.4 MBEMBEETR
légé‘s; AR [ BB 10 A M B AR OB 18] 9 35t 1% o) 1k 48 5K
IE?TEEC (Fst)FHEEP U (Nm) 85 S W3 6, £ FhHE B Fse
78D 9 0.011—0. 390, Hith HZBB fiif 5 NNHZ fh 1y
Bl 2 UPGMA 535 vk by g 1 49 2 [ o WAL AL R B /N (Fst = 0. 011), HCDA Fh it 5
Fig. 2 Branch diagram constructed by UPGMA cluster ~ BSNP TR 1358 4% 73 A 5 B2 fe K (Fse = 0. 390) , HixX
method PRI S HAB A BE RS Fse Y98 T 0,200, 10 4~

s FEANEEN] B N S 0.391—21. 807, Hirph HCDA Ffi
«NNHZ BE.BSNP FhBE 5 HoAh 8 B Nm /N F

3 “BSTL 1000, 4rFJ7 2 W4 5 (e 7)WL 75 %% 1y i 1

. . +0GGP AR Sk FRIRE N L 25 06 Y38 A% 78 SOk B R RE () L bR

o fiL \HZBB IF) 5% B0t 725 7 BE 119 434k (F'se = 0. 248, P<<0. 001) , H

3 REER LIRS Hi HCDA FiiE  BSNP FifE 15 1 b B 19 38 % 531k

e “YLLC BTRRER I B R R K AR . 1 Mantel 437 4% 5
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Fig. 3 PCoA of 10 geographical populations of C. 2.

cathayensis
Fo HMELRERMEB 10 MUEMBHEEINIELR (Fs , AL T)MERERR(Nm, X HL&LE)
Table 6 Genetic differentiation index (Fst,below diagonal) and gene flow ( Nm ,above diagonal) of 10 geographical populations of

C. cathayensis

BSNP NNHZ BSTL HCDA GGGP GLLS HZBB LZRS WZTX YLLC
BSNP 0. 747 0.782 0.391 0. 604 0.635 0. 750 0.971 0.549 0.653
NNHZ 0.251 5.231 0.838 3.227 1.543 21.807 4.020 11.513 4.509
BSTL 0.242 0.046 0.762 2.049 2.007 4.719 4. 289 3. 843 13. 819
HCDA 0. 390 0.230 0. 247 0.588 0.584 0.907 0.852 0.748 0.734
GGGP 0.293 0.072 0.109 0.298 1.138 2.692 1. 691 2.390 1. 856
GLLS 0.282 0.139 0.111 0. 300 0. 180 1. 500 1.629 1.379 1. 550
HZBB 0. 250 0.011 0.050 0.216 0. 085 0.143 4.244 6.778 4.355
LZRS 0. 205 0.059 0. 055 0.227 0.129 0.133 0.056 2. 445 4.494
WZTX 0.313 0.021 0.061 0.251 0.095 0.153 0.036 0.093 3. 387
YLLC 0.277 0.053 0.018 0. 254 0.119 0.139 0.054 0.053 0.069

F7 HERERMBE 10 NMMEMBENSFHFESN
Table 7 AMOVA analysis of 10 geographic populations of C. cathayensis

g BER LR

22 5k R ST Y 22 58 (Fst)
I R B ; P 0 K
Source of Degree of Sum of ﬂjﬁﬁ Estimated FOrLL/ % Genetic P i

K Mean square . Percentage . L. P value

differences freedom squares variance value . ) differentiation
of variation/ % L i
index (Fst)

Among populations 9 578.068 64.230 1.036 25 0. 248 <20. 001

Within populations 574 1 800. 723 6.294 3. 147 75

Total 583 2 378.791 4.183 100
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Fig. 4 Mantel analysis between geographical distance

and genetic distance
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3.1 MIESIMEHEE

T AR, e W R B T & R U, O DNA
Gy FARIC B TT K 4 A T — v R B 0 B O
TR AT D [CERBE I (Pinctada martensi) ¥
SR BRI R 17 X 28R EST-SSR 5149 .4
HREMEEEE T R IER, REH TR AR KR
(Babylonia lutosa) B s 418005 Hh i 645 31 13 962
A~ EST-SSR 741191 & Hi £ 7 4~ & EST-SSR J7 4111
A A T TR, 0 HL A T 1 R B A RO RN T 5%
BEL R BE B 8 AL 2 REMEE ST b, S B AR ST o
RNA-seq Il 4% A 315 it £ W2 (Neverita didyma)
SSR SCFE I DA b i 18 AR A5 — 4t 2 A8 M i TR
Sy FRRC . AR 12 XM BRI YN Z5E
BER(PIOFHE N 0. 632, Hib T 2 54
AR 9 A (PICZ=0.5), H i 2 M7 S 5
3 A (0. 25<<PIC<C0. 5)*) | [/ I, A BF 5 B R
BT AT YR A B AR [ R 4 K SR AL BUR R 2 S
PR T B AR, I B L ) v A2 5] P R ) o b st A
ZFEVE B H B B A B R L X TS SR I 9 L
H—ES%ME.

[ 5 H5HCF ) 2 1M AR 38 38 R st 1% I A5 VE
NAEE 2 G B S R R A A R RS e D B
7, AW R AR B 10 ANFRER) F R
F 0, B Bl 2 Hardy-weinberg ¥ A BL 4 , 15t 1]
X 10 AFEE A4l A F B A O, T RE R &
TR IR Y1 = F B S 2R R R s
HALAY 45 SR A BLIE B b 1R 0 4R 45 3R B 12 ( Bel-

lamya aeruginosa)”" FhEE L EEVERF S h s KL,
3.2 TEEAsHM

— RN A REE N R R (Ne ) B 4 3 46 A7 5 R 4
(Na) {92 X5 8 0] 15 B o 30 o 9 55 457 5 1R 4 A 8
51, AWFgE AR E 82 10 DAEER Na B KT
Ne (25 2 45%) . 3 W] A& B B [0] 247 1 30 4 A7 66 TR 85 d 0
AN 4, Hoh 78 WZTX R 36 B i) 5ok 58
th (Na/Ne =6.0/3.132) , 1fij 3 F B 7 % [CIH AR
(Macrobrachium rosenbergii)™" A6 (Lateolabrax
maculatus) ™" 55 Al K = Py Flod o, 85

AT B AR B DD J2& PP AS Fh RE 23 A5 24 2 B F0 Fh
FE PN a8t 1% 4 AR BE 1 — A EE 2 AR b OB R R )
Tl IR 1 3ot A2 22 6 K, R AL R B R L BB
JEDE R 8 XM LRSI WX 4 A 5E 0 D [CER R D
VER Bl 2E AT 0 A, HRPRE RS T 8 10233 8 —
1. 275 0, 7 W] 3 S J BLAG 50 1w 1) 35t 1% 20 A 1 R K
PN ORGIU LT B TR--S G ) A o R
B ( Pseudolaubuca sinensis) Mtk 17544 Z AL 1E
XA B T B 0. 596 9. 15 B i i A 2
BEHLAZEC A AT 0 . A BESE b b AR B R AR RE T 1
SEXIME N 0,981, Horh NNHZ F#Emy 1 (1 =
1. 226) ,BSNP Fft B e Ak (1= 0. 415) , BLHA ) 16 b IX
Hh A T R R B R AR AL AR MK B

Fe 5 BE A VAR B 8 A% Z MR A AR A — A
fabr . B A5 B RE AR 8 45 1> 55 o0 B PR A0 B A A 30
HEAT TR AN B 2 A S 14 52 ), BE T 4 M Sz I A
WAL ZREMEAKCEEY . AR BRI R ok, AR R H 2
10 DAHE He (9°F-3{6 7 0. 505, H rft BSNP Fif 3%
P BRI Z P (He =0. 239) . X 5 F AR {5 B 155K
ST AR 45 R — B0, AL AR WEIEIE A BRI %
FES /N TR IR A B A X Se R T R B T e
T A B L R A B T Ak R R 1 38 15
Z RS Z R I R B2 L AL FE R T Bl 3R A
FUARICE A6 o Pk L kb 7 25000 Bk N R il
B RG] TR NGE AR IR AR SR ) AR A
BT S H R AR Y 4 R R )Y b X
A6 [5] FHRRATS BAT 5 e 0 5t A% Z AR
3.3 FhEmEEES UL

BT Nei's 7575 TH 5 AR ) 11 358 4% B B9 %R R
an PR IE AT AR R R VB RE KT
T8 IR 0 AF Jy T AT AR Y, ARR AR
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Genetic Diversity Analysis of Different Geographical Populations
of Cipangopaludina cathayensis in Guangxi Region

ZHOU Kangqi, LI Yusen, LIN Yong, PENG Jinxia, CHEN Xiuli, QIN Junqgi, CHEN Zhong,
HUANG Yin,ZHANG Caiqun,DU Xuesong, HE Pingping, WEI Binyuan,PAN Xianhui" "

(Guangxi Key Laboratory of Aquatic Genetic Breeding and Healthy Aquaculture, Guangxi Academy of Fishery Sciences, Nanning,
Guangxi»530021,China)

Abstract: In order to explore the genetic diversity characteristics of Cipangopaludina cathayensis population
in Guangxi, the Pearl River Basin,China,12 pairs of microsatellite primers were used to analyze the genetic
diversity and genetic differentiation of 10 geographical populations of C. cathayensis in Guangxi. The results
showed that a total of 140 alleles were detected at 12 pairs of microsatellite loci, and the Polymorphic Infor-
mation Content (PIC) was in the range of 0. 373—0. 923, of which 9 were highly polymorphic loci and 3 were
moderately polymorphic loci. The Shannon information index (I) of the 10 geographical populations was
0.415—1. 226, the observed heterozygosity (Ho) was 0.231—0. 540 and the expected heterozygosity (He)
of 0.239—0. 608, which indicated that these populations had high genetic diversity. The results of Analysis
of Molecular Variance (AMOVA) showed that the genetic variation within populations accounted for 75% ,
and the genetic variation among populations accounted for 25%. The genetic differentiation index (Fst) was
0. 248, and the genetic differentiation among populations was higher. The gene flow (Nm) was 0. 391 —
21.807,and the gene exchange was frequent among the remaining 8 populations (Nm >1. 000) except for the
Hechi Du’'an (HCDA) and Baise Napo (BSNP) population. The analysis of population structure showed that
the genetic distance between BSNP population and Yulin Luchuan (YLLC) population was relatively far
(D=0.047), and the degree of genetic differentiation was high (Fst =0. 277). The results of cluster analysis
and Principal Coordinate Analysis (PCoA) showed that the HCDA and BSNP population were in a separate
branch, indicating that this two populations was more distantly related to other populations. Mantel analysis
found that geographical distance was not the main factor affecting the genetic distance among populations. In
summary, the germplasm resources of C. cathayensis in Guangxi are good, and the HCDA population and
BSNP populations still maintain good wild resources, which have potential development and utilization value.
Key words: Cipangopaludina cathayensis ; Guangxi region; microsatellite; genetic diversity; genetic differenti-

ation
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