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Fric (microsatellite marker){E B {4 15t {4 vh HA
ZmLs, vl . 23R EE . TE
SIS, BT R K Bt O 0 2%
MR LIS . RS F R T & T 14
X 22 A B B ARt i T A A, AT T ORAR
i 5L R Al i TR AR AR, SR T I A L i
RURIF A ) BEARHEA T T 1545 Z AR PE RS E 4514 43
B, R IR 0 AN [ R ORE A7 78 B S 1) ast A5 45 /) 22
Sto Xing Uil M T AL AR T AP B R O LR
I R/ I 71 1 L R €S oy Lo S W B R W A
IR TT R ()38 45 Z AR RS AR 254, R 3]
F R FPRE 818 Z AR RS, BRI TIRHARIE T2
Ay, HETE AR T bR 3 A
RN IEAT I, X5 T B A AR 0 B8 AL 2 0 BT
it AT A o T AR T PR AR LR 1 7 N
FROERILG, HEW AT 82 i T st A% 2 AR 1 I
(1) o 7 7K 22 N 1995 4R T 2248 IR RS A K
B T S IROK R R S B R A ok R v R B
o A 1 S AR oA % PR K 88 A R L L X R
AR B AL U R AR AE, ASHIF 538 1 0 358 1) 38 1
18 1~ SSR bricd, X AL WA . S5 BT
5 RMETT AT 4 A~ 7K R 8 AN /KRR fa A
AT IAL Z R . B A A, B AERE— 2P Ab
Fe A e R AR fa BER A R BT B R AE R, R
B A RO 5 R S s L B

1 METE

1.1 SEI##L5 DNA $#2EX

PEHR 2016 £—2020 4 REM 4 NKER 8 4
KRS 281 A KARMOREAAE Ry 3 B XT R (] 1), SR
BES A B RO K R . BIRHIKR . B M
WK R KKK FR, BAERFESGERELE 1,
REASE AR R AR, B 2R B I 95%
ToK LR B0 TR AE-20 CUkAf, R
SR . AT AR 5 S A U PR O
41 DNAM", i ] NanoDrop™ 8000 43566 B it
R iy JE B DNA (¥R B2 S 45, #8250 ng/uL,
20 CLRAFE& .
1.2 #EKRIFES54&T

M NCBI %# % (https://www.ncbi.nlm.nih.gov/)
T AR KAR 0 3L K 41 15 B (GenBank %55 GCA_
010882115.1), F/INHy 444.9 Mb2Y 3:F MISA 119
I A (http://pgre.ipkgatersleben.de/misa/) Xf H: #E 17
SSR i, 5 M TR AV S A R A AR AR
WM AR EE =14 R, TR EE =6
W, “EHMREZ =5, W, f.. NEE =5,
F) ] Primer Premier 6.0 #4715 ¥t it 5N
H GC it 45%~55%, I 18~24 bp, Bk
MR EE 50~60 °C, PCR =¥ R 100~250 bp.
1.3 5|¥iFiE

5190 A R B B A R A BR A 7 5
Ao M8 AN KR fr R AR S BENLEE S 10 ANREA, X
S1YpEATE FPER S, Rk 18 X Ak

F1 ARE4NKERESR
Tab.1 Sampling sites of Protosalanx chinensis in 4 different river basins
REfA K& SRR (] fRT PR Kt Exai) 3

population river basins sample time  abbreviation no. latitude and longitude
B A4L Nashidai BT, AW Nen River, Lianhuan Lake 2020.6 NS 37 124°9'37"E; 46°38'19"N
fiFi£T Talahong 7T, # ¥ Nen River, Lianhuan Lake 2020.6 TL 36 124°11'30"E; 46°45'48"N
Z\JKF Erbaguzi 7T, # 3 Nen River, Lianhuan Lake 2020.12 EB 35 124°1'36"E; 46°43'33"N
KA Dalong Lake  #7L, #%¥£ ] Nen River, Lianhuan Lake 2020.12 DL 36 124°19'3"E; 46°43'23"N
B AREE Amuta T, #%EFRH Nen River, Lianhuan Lake 2020.12 AM 36 124°2'43"E; 46°34'58"N
YW Xingkai Lake 75 YT Ussuri River 2016.12 XK 37 132°12'53"E; 45°18'36"N
BT ST 3K R %% " MAEYT Di’er songhua jiang 2019.6 XLC 28 125°22'14"E; 43°41'1"N
Xinlicheng Reservoir
K Taihu Lake KA1 Yangtze 2018.6 TH 36 120°5'10"E; 31°18'16"N
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Fig. 1 Sampling sites of Protosalanx chinensis in 4 different river systems populations

i =B el DA /S R g = S NS D g T
B 51915 BILE 2, PCR MR R ALHE 1 ul
DNA #i#z, 7.5 pL 2xPCR MIX (#5171 & Rk A= 9
BHEARA T, 03 pL IEH5#(10 pmol/L),
0.3 pL JZ [ 5141 (10 umol/L), 5.9 uL ddH,0. PCR
TEH 14035 95 °C 3 min; 94 °C 20s, 1B kiR
J£20s,72 C 40s, [N 35 MEIR; 72 °C HEAi
5 min,

BU 1 pL 72900 9 uL BAE HiDi, 95 CASE:
3 min, 37 RPVKOKIE, BT ABI3730XL 17
L YKAE I . GeneMarker f4-%} 18 1~ SSR %
HEAT AT, 15200 7 BB SE 1 8 Excel
1.4 SSR #IESH

FIFH PopGene 32 ARV FEHE(N,) . A
G FE RN FI Nei [t fZ#E B . Shannon’s £
REEFSRL(D); FIFH Cervus 3.0. 7R 45 r
S 2% & B (H) TSR R (H) . Z8HEES

H#(PIC); GenAIEx6.5*?1#4T Hardy-Weinberg V- (1)
KKK, it Bonferroni M 1E A i 3k RE
# ] Arlequin 3.5.2 21 R AP Al 4% BEAR Y 3844 43
1k 18 B (Fo) F1 57 T 75 2 73 BT (AMOVA); >k H
Mega 6.0 4| F Al J AL 4L - 24 1% (UPGMA)
BRI R, [ Structure 2.3.457,
T f ol AR, WAFEGRE K ([HIRESH 2~8,
#4547 15, FIJH StructureHarveste.py** i 4
T AK, BT AK FEbR I Wi s AL 45 F 015 3 e
A K, FFARIEEE Y CLUMPAK PR AR i 45
B, i R iES poppr ™ it AT F o404, 1l
H geplot2®MuilifT PCA K%, i IMEi AT i
I BOTTLENECK 1.2.0.2°3%F Wilcoxon’s test 7
%, A2 ATTE TPM BT A 95% 520 58 A8
(SMM), 5% £ 575 (IAM), variance {6} 12,
X IOREL FI8 4T 10000 T H 52 4 I 5E AN ] RE A4 J2:
WA T RS
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Tab.2 The information of 18 pairs of primers of Protosalanx chinensis
i ¢ BT R Nop ERI(5-3) I (5-3') BRI C
locus repeat sequence produce size forward primer sequence (5'-3") reverse primer sequence (5'-3") t:;;:;:;‘%e
HLIDYY201  ACq 158 ATGTCTTTCTACCCCAGGGC ACTGAGAGCAGAAAGACTGGG 56
HLIDYY203  AAy 135 CTGCCTTGTCTGTGTTGATGG AGCTCTGACAACACAGCAGG 56
HLIDYY207  ACqy4 103 AGAATGTGTTCACAAGCTCGC  AACACACTCCCTCTGTCACC 55
HLIDYY209  AGg, 139 AAATCTGCTCCCGGAGATCG ACAAGCCTCAATCAGCTCCC 56
HLIDYY211  ACq 182 CCTGTACAGTGAAATGGCGG AAAGAACCACAGAGGGAGCC 56
HLIDYY214  AGCg 157 GCTTTCTCCGTCACTTCATCC CAGAGACATGAGCGTGAAAGC 56
HLIDYY215  AGG 100 CATGTTGGTGTTGAGGTCGC CTACATCTTTGTCACCGCGG 57
HLIDYY216  AGGgs 123 GAAGTGTTTGTCGGCGATGG AACGACATCACTTCCTGGCC 56
HLIDYY217  AAG 135 TGACCGGCAGAATCTGAAGC GACACAACATCGCATAGCCG 56
HLIDYY218  AGAGGGqy) 218 GGGTTTACTAGCGTTTTTCTGCC AAGGTCTGAACACATGGGCC 55
HLIDYY226  ATAGAGqy) 148 CAACCAGCAACAGGAACAGC AGAGAGAGCGAAAAGGGACG 60
HLJDYY259 AATCCC) 187 ATTCCTCCCCTTATGCCAGC ACACCCGGAGAGAAAATCACC 56
HLIDYY264 ATACG) 155 CTAAGGACAAGTGAGGCGGG TGTGCAATGCTGTGCTATGC 54
HLIDYY265  ATCCGy, 176 CACGGAGCTCAAAGGAGACC CTTAGTGAGAGGCAGCCAGG 56
HLIDYY275 ATCTCg, 200 TGGGCGTCAGTTTAGTCTGC CAAGGTCATGTTGGCACAGC 56
HLIDYY282  AATCT, 181 ACAGTAGTTTTATGGCTTGCTCC TACCCTGCAACTCTGTGTGC 56
HLIDYY285  AATCT, 187 TCATCATTTGGCGAAGTGGC TACCCTGCAACTCTGTGTGC 58
HLIDYY289  ATATC 223 CGTGACATTCGTTGCCATGG AGTCTGATTGGGGTTCGTGC 56

TE: Q"W RAEE AL

Note: The number of repetitions is indicated in "()".

2 HRESW

2.1 fIBAERUESHEEESHNE

FIFH Primer 6 FA4XT 554609 AN T2 A7 s ik
rolWyiseit, HebRdsELLmiEa b . 2B i — ik
R RESHREIITE, EICT 200 NEE T
KAIOL BT A B, Red 3 I R 2% i
Sl 125 %F, Hb 78 xtEA L8, W EE
18 XF 2P SSR G 8 AN KAR MK IARE
PRIEAT PCR 38 B4Rk, JEAF5] 172 4S50 5
PR 3)o TS S BN, N 3~24 4, S
H>4 9.600 1~; ARLERSEEFE(N)H 1.039~4.595,
SEHI{E K 2.384; Shannon’s ZFEVEFSE ()N
0.071~1.705, FH{E R 0.895; MIMZARE E (H,) M
0.000~0.659, F¥{E N 0.342; WHEAZE ) (H)TE
0.035 F10.804 Z[8], ~F-H4{HH 0.507, 285 E &
(PIC)7E 0.034 1 0.775 ZIal, F¥{E N 0.469, Hr
10 M2 HLIDYY (207, 211, 215, 218, 226, 259,
264, 265, 275, 289)J& T =i JE 2 A1 5 (PIC>0.5), 4
M5 HLIDYY (203, 216, 282, 285)HFRELA

7 15,(0.5>PIC>0.25),,

8 MNRARfBEA T, BERZ &N 5 L
83.3%~100%, H:if' TH #fAZ SN S mE,
100%, TM#4BEA7E HLIDYY209 . HLIDYY214
A1 HLIDY Y217 o7 35 R 8 R 4 & 3 R (3R 4)
4 KFET, KILTHBEE N, No. 1. He. PIC
B T HAL K REFR, B 2R S . 59
BV XK BEA N,, N.. I, H.. PIC #{%T HAhsk
RBEAR, BE 2R, BOTE S (LHL) K &R
BRI 2 TSR BT XK BHE, 18T
HABFTA K BB FER KRR, AM HER
i Z AR, NS BEARE L Z R R .

2.2 Hardy-Weinberg F & &

X8 AIKAKREARE T 18 MRicHE4T Hardy-
Weinberg -1 * K50, ZERGIIAY 144 D HdE .
A 63 NFI AR E I B 15 (Prwe<0.001),
FT AR 10 43.75%, ik B E AR A Tk, SR
PR 2 B SF 7 (Pawe<0.003), 5 BT A %k 4
3.47% (K 5), BB FIRE TR TH #H ARG T
B S 22 (11 1), AM BERERAR (6 1),
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Tab.3 Genetic diversity indices of 18 microsatellite DNA markers for the eight populations of Protosalanx chinensis

{3 45, locus L ERE N, BRSEMIEHEE N Shannon’s 887 WA E H, WIHKAE H ZBFEAHE PIC
HLIDYY201 7 1.147 0.269 0.117 0.129 0.124
HLIDYY203 9 1.932 0.890 0.427 0.473 0.438
HLIDYY207 14 3.315 1.409 0.652 0.721 0.687
HLIDYY209 3 1.052 0.103 0.013 0.054 0.053
HLIDYY211 8 2.280 0.849 0.406 0.531 0.500
HLIDYY214 3 1.148 0.176 0.011 0.124 0.118
HLIDYY215 5 2.452 0.915 0.000 0.609 0.569
HLIDYY216 5 1.552 0.545 0.000 0.430 0.354
HLIDYY217 2 1.039 0.071 0.000 0.035 0.034
HLIDYY218 7 2.432 0.959 0.399 0.696 0.660
HLIDYY226 20 4.595 1.705 0.416 0.796 0.768
HLIDYY259 12 3.566 1.458 0.409 0.804 0.775
HLIDYY264 13 2.840 1.220 0.380 0.659 0.614
HLIDYY265 12 2.555 1.057 0.500 0.598 0.523
HLIDYY275 9 3.072 1.239 0.635 0.660 0.597
HLIDYY282 10 2.032 0.882 0.525 0.518 0.450
HLIDYY285 9 2.297 0.900 0.659 0.566 0.470
HLIDYY289 24 3.600 1.463 0.603 0.727 0.713
-1 mean 9.6 2.384 0.895 0.342 0.507 0.469

x4 RBESNEESHEUESH
Tab. 4 Genetic diversity parameters of the 8 populations of Protosalanx chinensis
LI L0 S /% i B REN Shannon’s Wi Zed  WIHHZLL R EA[EE G

population polymorphic site scale ~ FEE L N, FFE N, ik i H, H. PIC
AL NS 94.4 4.722 2.545 0.947 0.306 0.487 0.440
fhhisr TL 88.9 4.222 2.242 0.859 0.357 0.455 0.409
—N\KF EB 94.4 4.444 2.206 0.877 0.320 0.456 0.413
KJeil DL 88.9 4.111 2.349 0.875 0.348 0.460 0.417
frr AR AM 83.3 3.389 2.098 0.763 0.323 0.418 0.373
FEFR] LHL 90.8 4.178 2.288 0.864 0.331 0.455 0.410
ML XK 88.9 4.056 2.247 0.814 0.328 0.420 0.382
BLIOKE XLC 88.9 4.667 2.612 0.961 0.370 0.471 0.438
Kil TH 100 5.389 2.770 1.063 0.328 0.508 0.479
F-44 mean 91.03 4375 2.384 0.895 0.335 0.459 0.419

Note: NS: Nashidai; TL: Talahong; EB: Erbaguzi; DL: Dalonghu; AM: Amuta; LHL: Lianhuan Lake; XK: Xingkai Lake; XLC: Xinlicheng

Reservoir; TH: Taihu Lake.

23 BEEEEEFEBESEESN

8 AN KA B B AL B R BV R A 0.0251~
0.1867 (5% 6), MHEHA XLC 5 + Z A TH %
PR B 0% T (0.0593), NS 5 TH it 1% 5 B i i
(0.1867), FEAEBEIARIA] TL Fl NS &0 B il
(0.0251), XK Fll NS izt & i 2 e 6(0.1867) . & IR
WIRE KR BER ] AM Rl NS 3% 05 85 % it
(0.1336).

TR [R5 1% 43 AL 78 BU7F 0.023~0.273 Z [A] , TH
5 5 AFERAKREAR ] Sy v &5 DA E R B 0 3t A 4
b (F>0.05), 5 XLC i#f& /LR /N (Fy=0.026<
0.05), 5 TL BEAEZ /L BEK (F=0.190>0.15).
B BEA T XLC M XK B A BAK Y 815 7301k
(F4=0.023<0.05), TL 1 NS HA &K A5 15 531k
(Fy=0.018<0.05), HAhH#F{AEA R DL Y
L b, 7R FRIHR R K AR BER R], NS, TL Al
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EB /MU 8L ; DL Fl AM 2 AR A TEPRIA] AL 70 5 1 15.46% . REPRIA] AL 404k 25K
T (AMOVA) S SRR, KR MEE  (Fob 0.1546, H A B K H B 3 W1 1k
R B AL A S ) O TN BER N S 57 (84.54%),  (Fy>0.15)(F 7).

R 5 KBHEBEH Hardy-Weinberg L& £ F R

Tab.5 Hardy-Weinberg equilibrium chi-square test in Protosalanx chinensis populations

B BER population

locus AR NS flihizr TL —\F EB KJEfE DL BIARIE AM  2MBLM XK BiidokE XLC Kl TH
HLIJDYY201 0.866 0.003" 0.976 0.585 0.585 0.000"" 0.923 0.000""
HLIDYY203 0.009 0.371 0.990 0.508 0.451 0.239 0.023 0.526
HLJDYY207 0.489 0.173 0.838 0.001"" 0.653 0.000"" 0.010 0.000""
HLIJDYY209 0.000"" - 0.000"" 0.000"" - - - 0.906
HLIDYY211 0.866 0.230 0.445 0.000"" 0.333 0.000"" 0.000" 0.000""
HLIJDYY214 0.000"" 0.000"" 0.000"" - - - - 0.794
HLJDYY215 0.000"" 0.000"" 0.000"" 0.000"" 0.000"" 0.000"" 0.000"" 0.000""
HLIDYY216 0.000"" 0.000"" 0.000"" 0.000"" 0.000"" 0.000"" 0.000"" 0.000""
HLIDYY217 - - - - - 0.000"" 0.000"" 0.000"
HLIJDYY218 0.376 0.696 0.000"" 0.000"" 0.000"" 0.000"" 0.000"" 0.000""
HLIDYY226 0.000"" 0.000"" 0.000"" 0.097 0.000"" 0.037 0.000" 0.000""
HLIDYY259 0.008 0.047 0.008 0.000"" 0.000"" 0.003" 0.005 0.045
HLIDYY264 0.000"" 0.001"" 0.000"" 0.001" 0.000"" 0.613 0.457 0.511
HLIDYY265 0.000"" 0.998 0.719 0.517 0.398 0.563 0.050 0.000""
HLJDYY275 0.894 0.470 0.000"" 0.849 0.218 0.517 0.046 0.147
HLIDYY282 0.096 0.000"" 0.078 0.584 0.897 0.073 0.994 0.903
HLJDYY285 0.000"" 0.940 0.001" 0.198 0.228 0.000"" 0.002" 0.002"
HLIDYY289 0.000"" 0.000"" 0.019" 0.190 0.925 0.724 0.711 0.001""

TE: *3R0R B35 i 25 487 (P<0.003); ** /R AU 25 1i 25 P-4 (P<0.001); TCARIRFRAT A4, om0 G RA 1 AR .

Notes: *. indicates a significant deviation from Hardy-Weinberg equilibrium (P<0.003); **. indicates very significant deviation from
Hardy-Weinberg equilibrium (P<0.001); No identification indicates insignificant differences; ‘-’ indicates that there is only one allele at this
locus. NS: Nashidai; TL: Talahong; EB: Erbaguzi; DL: Dalonghu; AM: Amuta; LHL: Lianhuan Lake; XK: Xingkai Lake; XLC: Xinlicheng
Reservoir; TH: Taihu Lake.

Fo6 XIRBBEENEESLIFHFEERERS
Tab. 6 Matrix of pairwise Fy values (above diagonal) and Nei’s genetic distance (below diagonal)
between Protosalanx chinensis populations

HHA population  ABFHL NS flbhigr TL —J/\UKF EB KJBJE DL BRI AM  MELH XK FicdlokE XLC Kl TH

A NS krk 0.018 0.056 0.141 0.251 0.243 0.232 0.175
flifier TL 0.0251 ok ok 0.061 0.144 0.263 0.273 0.256 0.190
Z\JK&F EB 0.0367 0.0408 Rk 0.061 0.194 0.214 0.174 0.103
KIE# DL 0.0886 0.0825 0.0552 ok 0.059 0.164 0.107 0.051
BIAES AM 0.1336 0.1267 0.1015 0.0399 Hokokk 0.257 0.205 0.144
AW LHL 0.1867 0.1822 0.1685 0.1153 0.1468 i 0.023 0.078
MY XK 0.1810 0.1804 0.1400 0.0726 0.1210 0.0469 R 0.026
BSLIWOKEE XLC 0.1841 0.1686 0.1363 0.0806 0.1111 0.0815 0.0593 ko

TE: XAL BTN B LI Fo, T 05 Nei [RistHEIEES.
Notes: above diagonal. genetic differentiation index Fg; below diagonal. Nei’s genetic distance. NS: Nashidai; TL: Talahong; EB: Erbaguzi;
DL: Dalonghu; AM: Amuta; LHL: Lianhuan Lake; XK: Xingkai Lake; XLC: Xinlicheng Reservoir; TH: Taihu Lake.
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Tab.7 Result of AMOVA based on 18 microsatellites markers

78 S A 1R B -5 A T EM G SRS /%
source of variation df sum of squares variance components percentage of variation
BEPRIA] among populations 7 146.683 0.27697V, 15.46
BEPRIN within populations 554 838.986 1.51442V, 84.54
L total 561 985.669 1.79139

24 BEEWSH

XF 8 AMRARABHAIEST TS5 (PCA), 4%
FHAA ESWAZR, I MERE R 3 R
(& 2): TH ##k . XLC B XK BN —35; DL
Il AM h—25; NS, TL fil EB A—2&, fK#iE Nei [
WL ES ) UPGMA R (5] 3), NS Al TL Rl —
Y55 EB B h—3, DL fll AM B A—%, SRIGTE
5T 3 MR I — RS, XK 5 XLC BHh—K
JG5 TH RN — 32 RBRLER S PCA R IAYI &

TR 2 / \
< 1l cluster 2 \ ."“:. LA \‘
‘38 TR \ .t T ) #H& population
< cluster 1 \:\.' % AR NS
> )f\\ T eeo | T
8 0 °© g0 o N “w" g :/\Hﬁ? EB
S | [, K - KW DL
g 70 ’ WIS AM
= , 4L XK
< * FISLIKEE XLC
By ., v - X# TH
%
’ cluster 3
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Tab. 8 Genetic bottleneck analysis of Protosalanx chinensis population based on Wilcoxon's signed-rank test

BEIR population

AR AR LEDEAN ZRF o R ol A 1% MELW B UKE Kb

NS TL EB DL AM XK XLC TH
ZRA B H deficiency 0.9747 0.8388 0.8355 0.9875 0.9987 0.5100 0.3718 0.4493
ZeA i R H excess 0.0284" 0.1742 0.1764 0.0145 0.0017"" 0.5100 0.6471 0.5675
Wilcoxon I 1 2% 0.0569 0.3484 0.3529 0.0289° 0.0034" 1.0000 0.7436 0.8986
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W * R B P25 5(P<0.05); ** 3R 25 S 5 3 (P<0.01).

Notes: * indicates a significant deviation from Hardy-Weinberg equilibrium (P<0.05); ** indicates very significant deviation from
Hardy-Weinberg equilibrium (P<0.01). NS: Nashidai; TL: Talahong; EB: Erbaguzi; DL: Dalonghu; AM: Amuta; LHL: Lianhuan Lake; XK:

Xingkai Lake; XLC: Xinlicheng Reservoir; TH: Taihu Lake.
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Genetic diversity and genetic structure analysis of introduced clearhead
icefish (Protosalanx chinensis) populations using microsatellite markers
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Abstract: This study aimed to investigate the genetic structure and variability within the clearhead icefish
(Protosalanx chinensis) population by developing 18 microsatellite (simple repeat sequence, SSR) primers for
population genetic analyses. In total, 281 samples of P. chinensis were collected from four water systems and eight
water bodies since 2016. The results were as follows: 172 alleles were detected, with an average of 9.6 alleles (V,)
ranging from 3 to 24; the number of effective alleles (N.) ranged from 1.039 to 4.595, with an average of 2.384;
the expected heterozygosity (H.) ranged from 0.035 to 0.804, with an average value of 0.507; and the polymorphic
information content (PIC) ranged from 0.034 to 0.775, with an average of 0.469. Notably, 10 of these loci
exhibited high polymorphism with PIC values exceeding 0.5. Regarding population-level statistics, the average
allele number (N,) of the eight water populations was 3.389-5.389 and the average value was 4.375. The polymorphic
information content (PIC) was 0.373-0.479, with an average value of 0.419. Analysis of Molecular Variance
(AMOVA) showed that 84.54% of the total variation in P. chinensis came from within populations and 15.46%
from genetic variation among populations. Additionally, a Principal Component Analysis (PCA) was conducted on
eight geographic populations of P. chinensis, and all individuals were divided into three subgroups. Nei's genetic
distance was employed to construct a UPGMA cluster tree, which classified the eight water bodies into two major
branches. Among these, the five water groups of Lianhuan Lake displayed considerable diversity, with Nashidai
(NS) and Talahong (TL) forming clusters that subsequently merged with Erbaguzi (EB). Similarly, Dalonghu (DL)
and Amuta (AM) grouped, indicating that these five water bodies constituted independent entities within the
Lianhuan Lake. Moreover, Xingkai Lake (XK) and Xinlicheng Reservoir (XLC) were grouped, followed by their
combination with Taihu Lake (TH) as another unit. Research has shown that the northern population of P.
chinensis maintains a high level of genetic diversity and exhibits significant genetic differentiation from
populations in different water bodies. To safeguard and preserve population diversity, it is imperative to recognize
and protect the distinct statuses of both the southern and northern water system populations. In particular, the
preservation of Lianhuan Lake, which serves as the primary source of P. chinensis, is of paramount importance.
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