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Freshwater mussels play a vital role in maintaining aquatic ecosystem stability and are effective bioindicators of
environmental change. In the Yangtze River Basin, mussel populations have experienced significant declines due to habitat
degradation, hydrological alterations, and human disturbances. Understanding the genetic diversity and population structure
of dominant species such as Cristaria plicata is crucial for evaluating their adaptive potential and guiding conservation
strategies. In this study, mitochondrial cox1 and Cytb genes were used to assess the genetic diversity and population structure
of C. plicata from four representative river-connected lakes in the middle and lower Yangtze River Basin: Shijiu Lake (SJ),
Qili Lake (QL), Poyang Lake (PY), and Dongting Lake (DT). A total of 120 individuals were collected across hydrologically
connected sites, and 90 cox1 and 42 Cytb haplotypes were identified. Haplotype diversity (Hg) and nucleotide diversity (z)
were high (cox1: Hyg = 0.951, = = 0.03310; Cytb: Hyq = 0.855, = = 0.02118), with the DT population showing the highest
diversity. Pairwise Fst and AMOVA analyses revealed significant genetic differentiation between SJ and the DT and PY
populations (P < 0.01), but not between SJ and QL, and most genetic variation occurred within populations (cox1: 78.01%;
Cyth: 83.23%). Neutrality and mismatch distribution tests indicated recent population expansion in SJ and QL, while PY and
DT populations appeared relatively stable. The haplotype network and phylogenetic tree suggested partial gene exchange
among lakes but also revealed region-specific lineages shaped by limited connectivity. Overall, C. plicata populations in the
four lakes exhibited a characteristic “high Hd—low 7" pattern, implying historical bottlenecks followed by expansion.
Interestingly, smaller lakes (SJ and QL) contained more haplotypes than larger lakes (PY and DT). This pattern likely results
from stochastic genetic drift, bottleneck recovery, and microhabitat heterogeneity in small, semi-isolated systems, where
periodic hydrological isolation and reconnection alter gene frequencies. In contrast, large lakes with greater hydrological
connectivity, habitat diversity, and abundant host fish resources maintain higher overall genetic variation through continuous
gene flow. The observed spatial differences demonstrate that lake size, water connectivity, and ecological heterogeneity are
the principal drivers of genetic diversity and population structure in C. plicata. Anthropogenic disturbances and hydrological
fragmentation further exacerbate local genetic differentiation, particularly in smaller lakes.In conclusion, this study provides
comprehensive evidence that C. plicata populations in the Yangtze River lake—river system maintain high genetic diversity
but exhibit spatially structured genetic patterns shaped by hydrological connectivity and lake characteristics. Preserving
ecological connectivity, protecting host fish resources, and reducing habitat fragmentation are essential for maintaining
genetic variation and ensuring the long-term stability of freshwater mussel populations in the Yangtze Basin.
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Fig. 1 The sampling sites of C. plicata
1 REGUE A B B
Tab. 1 Phenotypic data for C.plicata populations
FEA o Fot/mm 7% /mm Fef/mm 1Al
KA [
7 NS e — e — e . —
Bk M W gfHn EE e o o E Ml
- BHa R =
HEZ# #
L LA 60.85~209 16.76~865.1
30 2024.10 111.63433.47 13.05~58.19 28.1548.44 23.59~104.96 61.81+15.33 152.624197.03
QL .78 4
i F15 133.76~25 140.3~1122.
30 2024.11 191.84432.38 34.22~70.16 54.11+10.06 75.63~136.99 109.32417.45 617.664345.89
SJ 5.14 31
LR 63.21~179
30 2024.11 121.19433.16 14.23~47.17 33.2149.26 35.28~91.51 68.52+17.56 18.49~429.1 179.882109.00
PY .68
N2l 95.91~219 57.94~791.8
30 2025.1 160.52434.45 13~56.29 38.86+10.01 54.58~112.18 86.64+17.75 353.80208.40

DT .76 7




1.2 KA

1.2.1DNA =8  HEg ik A 5ell 50 mg, 1 TSINGKE 5h4) DNA $2 B ) & 4245 1 U0 B B BURE &
MEERIZH DNA, 1 %X i bl i ke il se 2 v, A3 B A 20 e e ST, Kl DNA $SRELUS S TR,
HHEFEST 100 ng/ul, -20 °CIRAER M.

1.2.2 5144 % A PCR 4738 RHE NCBI $45 % (https://www.ncbi.nlm.nih.gov/) 1 48 S0 I mtDNA 4% 51
A5+ Cytb(NC_012716.1:1-1149)#1 cox1(NC_012716.1:c10126-8585)/5 %1, 18 F Primer T §% ¥ i1 Cytb H1 cox1
G, HALEZERAEM A RA R TG GIYI(EE 2). PCR MK R 50 uL, 4G 2>Accurate Taq
Master Mix 25 uL. 2K 41 DNA 1 uL. £ ¥ 514(10 mmol/L)#% 1 uL. RNase free water 5%, PCR X
RSk A 98 CCTIAZ T 2 min, 98 °CAEME 10's, FIMRKIRAEIR K 30's, 72 °CAEf# 10's, 30 MEHF, 72 °C
AL 2 mine PCR =4 1% B i f 5 Fe A vickan il , - Pk CR U7 1) PCR P2 #pik AL i SRV
FRA FIHEAT A EW, BT XU .

x2 5MEE
Tab. 2 Primer information
51444 primer 751 sequence (5°-3) B KR F¥ annealing temperature
CYTB-F TCCTTTACGAAAAAAACACCC 55°C
CYTB-R TTCAGTGTTATGTTTTACAGCGG 58 °C
COX1-F CCGTGAAACCAACTAACTAACCC 59 °C
COX1-R GTCGGGTGTGATGTTTGGTC 59 °C

1.2.3 #&4E» 4 Vector NTI 11.0 # 4 H () Contig-Express A& 5} fir i /7 41 347 Hf4, % Bioedit 7.0
BAF TP 7 A AT RS IR, @3 Blast LU 43 Mt TR 13 7 51 AR SO I 1 H i Be. 35T Cytb 1 cox1 J7
H, {1 FH DNAsp 5.0 FRAFM 2 3 v 5 5 3% 20 £ i (number of haplotypes, h). B35 81 £ # 14 (haplotype
diversity, Ha). £ 207 £ % (numbers of polymorphic sites, S). 1% # £ ££ 1% (nucleotide diversity, Pi)Jfit47
HEEE L AT A R Arlequin 3.5W8VER {1+ BLHE AR (] 1) BO X 8% A AU AR B (Fst) H itk AT o F 5 ZE i
(AMOVA), LLJ Tajima’s D #l Fu’s Fs Hittaill. 8 H MEGA 1101341 #EAT & FE44 Cytb F1 cox1 7 5155
FEH R TE, AR T 45715 5 (Nodularia douglasiae) 4 M #4 & ML W . )52 | DNAsp5.0 # £ 5 PopART 1.7120
AL A B A X 4 P
255K
2.1 B A EE cox1 # Cyth XEFF o4

AW TR Y T RSO 120 % coxl 5 112 %% Cytb JL[H /741, Zpifs. At 5HxtE, 7 m3k
% cox1 1 670 bp FlIl Cytb 885 bp fImi Fi /751 . EFESUE N 120 % coxl £F 75 T. C. AT G Bkt
fRISF 15 B4 A 20.9%. 23.2%. 40.4%. 15.5%, Firh A+T &8 (61.4%)] &5 T C+G % 5 (38.6%).
7E 112 % Cytb EFFHIH T. C. A, G EMNFH & RSN 35.9%. 23.2%. 26.2%. 14.8%,
A+T & H(62.0%) W B 5T C+G 45 (38.0%), BlIE4 LA IS M AT fH 1 (3R 3). WEE coxl Ml Cyth
BRFIIAE T, RIPIH B TR — 2508, coxl B FHHh 3t 255 MaLE B RA 8, 4
FEBII 15.27%; Cytb 3£ FPHld 3Lk B 131 AMaiLifs BB R A, H4F5I1 14.80%.

¥ 3 FHSUE I 4 AN BEM coxL M1 Cyth J7 A BRAE A A 43 EE
Tab. 3 Nucleotide composition of mtDNA cox1 gene and Cytb gene sequences of C. plicata

cox1 Cytb
FE4A population
A T C G A+T C+G A T C G A+T C+G
£ F1H SI 40.5 20.9 23.1 15.4 61.5 38.5 26.3 35.9 23.0 14.7 62.3 37.7
FEBH W PY 40.4 21.0 23.1 15.5 61.4 38.6 26.0 35.8 23.3 14.9 61.8 38.2
L HEW QL 40.6 20.9 23.1 15.4 61.5 38.5 26.3 36.0 23.0 14.7 62.3 37.7
VA EEW DT 40.2 20.9 23.3 15.6 61.1 38.9 26.0 35.7 23.4 15.0 61.7 38.3

S Avg. 404 209 232 155 61.4 38.6 262 359 232 148 62.0 38.0




2.2 fRBUE BN coxL FN Cyth B & ZHEM 4R

%:F mtDNA ) cox1(n=120)5 Cyto(n=112)Bric., Eor 4 SR8 S0 LR AR 7R BA 5 I A 7 5
BHBRZ M. PEER B EH 90 5 42 AN pfsid, Mkt 2 55508 6 5 5; 777 4
RS A% O B M (coxl: Hapl0. Hap28: Cytb: Hap2. Hap3), 7 [X I8 il 5 5 B T (5 4).
ZREACTIER RN RS B — BB A R DT & QL ®k, FIMAIKIEHE E5 . FHZREER
N Ha = 0.951. m=0.033 10(cox1)5 Hqg = 0.855. = =0.021 18(Cytb) (¥ 5). S4&L, coxl (5B S,
B RIBCE , BER Z FEEHET A DT>PY>S>QL.

F 4 HT LKA coxd A Cyth FRAIRIRESOR I 4 ASHEMR 0 5 £5 20 0 A7
Tab. 4 Haplotype distribution in four C. plicata populations based on mtDNA cox1 gene and Cytb gene

S HEAR BRI A AT
gene population haplotype distribution

Hap1(1),Hap2(1),Hap3(1),Hap4(1),Hap5(1),Hap6(1),Hap7(1),Hap8(1),Hap9(1),Hap10(2),Hap11(1),Hap
JAEEW DT 12(1),Hap13(1),Hapl4(1),Hap15(1),Hap16(1),Hap17(1),Hap18(1),Hap19(1),Hap20(1),Hap21(1),Hap22(
1),Hap23(2),Hap24(1),Hap25(1),Hap26(1),Hap27(1),Hap28(1)
Hap10(2),Hap28(6),Hap29(1),Hap30(1),Hap31(1),Hap32(1),Hap33(1),Hap34(1),Hap35(1),Hap36(1),Ha
HBH# PY  p37(1),Hap38(1),Hap39(1),Hap40(1),Hap41(1),Hap42(1),Hap43(1),Hap44(1),Hap45(1),Hap46(1),Hap4
coxl 7(1),Hap48(1),Hap49(1),Hap50(1)
L oL Hap6(1),Hap10(4),Hap28(9),Hap51(1),Hap52(1),Hap53(2),Hap54(1),Hap55(1),Hap56(1),Hap57(1),Hap
/ 58(1),Hap59(1),Hap60(1),Hap61(1),Hap62(1),Hap63(1),Hap64(1),Hap65(1)
Hap10(1),Hap28(2),Hap66(1),Hap67(1),Hap68(1),Hap69(1),Hap70(1),Hap71(1),Hap72(1),Hap73(1),Ha
FAFWS)  p74(1),Hap75(1),Hap76(3),Hap77(1),Hap78(1),Hap79(1),Hap80(1),Hap81(1),Hap82(1),Hap83(1),Hap8
4(1),Hap85(1),Hap86(1),Hap87(1),Hap88(1),Hap89(1),Hap90(1)
JARE DT Hap1(4),Hap2(5),Hap3(5),Hap4(1),Hap5(1),Hap6(1),Hap7(1),Hap8(2),Hap9(1),Hap10(1),Hap11(1),Hap
12(1)
FEH PY Hap2(9),Hap3(6),Hap13(1),Hap14(1),Hap15(1),Hap16(1),Hap17(1),Hap18(1),Hap19(1),Hap20(1),Hap2
Cyth 1(1),Hap22(1),Hap23(1),Hap24(1),Hap25(1),Hap26(1),Hap27(1)
LHM QL Hap2(11),Hap3(8),Hap26(1),Hap28(1),Hap29(2),Hap30(1),Hap31(1),Hap32(1),Hap33(2),Hap34(1)
W SI Hap2(11),Hap3(2),Hap14(2),Hap26(1),Hap29(5),Hap35(1),Hap36(1),Hap37(1),Hap38(1),Hap39(1),Hap
40(1),Hap41(1),Hap42(1)

A S OZ A RANME SR .
# 5 JET coxd A Cytb FF 3 (RESUE I 4 DMREAR 1184 2 BEVESR 4L
Tab. 5 Genetic diversity of C. plicata based on the sequences of mtDNA cox1 gene and Cytb gene sequences

SR EZIN FE AR AR AR R LR EA IR (4 BT Z

#:[K gene . ; .
population sample size h Hq S % Pi

FFH S 30 26 0.960 181 0.009 72

coxl HRBH T PY 30 23 0.933 175 0.039 36

L H#H QL 30 17 0.866 181 0.013 76

TFEE DT 30 28 0.979 188 0.048 81

A1 SI 29 13 0.820 17 0.002 03

Cyth B BHW PY 30 17 0.868 101 0.032 07

L H#H QL 29 10 0.777 14 0.001 98

TAEEI DT 24 12 0.883 95 0.040 99

2.3 BYUE MR IR R S A

FTF Ak (medium-join, MI)FEFESE I cox Al Cytb JELR B B 25 5 M) . 10t coxd 2 [A] 90
AR, 4 NHBIEFEARA coxl BRI R RN 2 MRAAE, EMRISRETEAET 94 DT MM,
11 A PY A5 5, 10 A QL MIFRAEAL, 20 AN SI USRS AL 6 AN s Y, AR BHEEEAE T
14 1 DT MBA5 Y, 9 A PY HISEAEAY, 24> QL HYBAAEALAN 1 4> SI A5 1Y (8] 2a); X Cytb K 42
ANBAERL, 4 ANWIRREAA R Cytb ZEFEHI BN 2 MR, AMERFEEENST 6 4 DT MIHE
A, 7APY FIRAEAL, 6 QL MR, 8 4 SI MR AVA 5 ML AR, AMIRBHEEEAEST
44 DT WEAEBUFN 6 A PY [ ERAE BL (1 2b). (AT, ERAis B kAl R 1 23 ST 40 115 X 245 B ) SR S R B A
— 8, WHEBGER PN ES RARER B BRI 4 DB EETES — B EAS R (E 3, B 4).
2.4 BY B RN EEE LS

HT coxl, Cytb JFHITEABLUEIE 4 MR [ 138 & 0 L FE L Fst AIZERIR Nm, 45 5RPTLLE H
DT 1 SJ [ [ Fst {E i K (0.366 4. 0.286 4), 4 MHWERFFAZ [ 2L RFNT 0.15GR 6, £ 7). w4
AR R A . AMOVA 45 RB7R, BHA N FIEAL A8 e o Pzt K T4 ) (5 b, R
A AR R TR A T HHE N (R 8).
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Fig. 2 The haplotype network based on cox1 (a) and Cytb (b) gene in C. plicata
Note: Short ticks on the connecting lines indicate the number of nucleotide substitutions separating haplotypes; circle size
. represents the number of individuals for each haplotype.
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Fig. 3 The phylogenetic tree based on haplotypes of Cytb in C. plicata
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Fig. 4 The phylogenetic tree based on haplotypes of cox1 gene in C. plicata



# 6 T coxl FRAIRIRRSOR I 4 MREMR ] Fst(Chl /20 ) N (B 22 1)
Tab. 6 Fst values (below the diagonal) and Ny, values (above the diagonal) among C. plicata populations based on mtDNA cox1 gene

e IR DT HREAW PY CHWI QL AT S)
IAEE DT - 21497 05229 0.4323
FEW PY 0.104 2* - 15446 1.0921
L QL 0.323 5* 0.139 3* - 143103
M SI 0.366 4* 0.186 3* 0.017 2 -

E: & P /AT 0.01.
F 7 LT Cyth JFFIRIRILEIE 4 DMHEARIE] FstOh A28 )M N (HOH A2 L)
Tab. 7 Fst values (below the diagonal) and Ny, values (above the diagonal) among C. plicata populations based on mtDNA Cytb gene

FEEEN AR DT FEHW PY HH# QL £ SJ
JARERH DT - 9.810 4 0.644 7 0.6230
B PY 0.0249 - 1.2930 1.2572
L H#H QL 0.279 4* 0.162 0* - 6.8705
A1 F13 SJ 0.286 4* 0.165 9* 0.0351 -

M *AE P /T 0.01.
# 8 JET coxl F Cytb /74 I RE SR IR #E R 43 07 22 3
Tab. 8 Analysis of molecular variance (AMOVA) of C. plicata

I 5K [ 1 P My mREste  PUERH
HEAR 8] 3 1395.217 7.319 21.99
coxl BEA A 236 6 126.267 25.959 78.01 0.220**
it 239 7521.483 33,277
N 3 299.416 1.641 16.77
Cytb FEENT 220 1790.870 8.140 83.23 0.168**
Bt 223 2090.286 9.781

i & P /N T 0.001,
2.5 BUBHB AR LTI

#T Tajima's D 5 Fu's Fs HHAGIIME, ANEBEAAIESA—. SI 5 QL B LALLM U #195k
R WIANFEE N Tajima’s D B A{E, H Cytb [ Fu’s Fs JRAf, 53T Cyth /75 A TS 447 B ) 5
WA — (B 6¢, 65d). AHXTHE, DT 5 PY BEAARR A 5 5 B R IEAE, F5HC A0 B 2 21§ (& 5a, 5b,
6a, 6b), RS HRIT BB 5K

9 KLU 4 ANFEAAR) Tajima's D F Fu's Fs A A6 ) 4 5
Tab. 9 Neutrality test values in C. plicata population

LR 23 TFEEH DT HERHW PY LE# QL A S)
Tajima's D 3.387 2.431 -1.499 -2.048
Tajima'sD P 0.999 0.998 0.035 0.001
coxl
Fs 17.386 18.885 10.725 1.934
Fs P 1.000 1.000 0.992 0.778
Tajima's D 2.478 1.080 -1.246 -1.560
Tajima'sD P 0.979 0.877 0.089 0.047
o Fs 21.884 13.010 2.232 -4.968

Fs P 1.000 1.000 0.135 0.017
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