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HE: 7‘7ﬁﬁ'fﬁ?l$‘iﬁi@J‘@(Hypophthalmichthys molitrix)ﬁﬁﬂ@iﬁ@:%ﬁ’ﬁ\ O FAR SRR RE LR, AR IER
TR R EEE A A LA L, R RN €2 b LR FEFVERAE, FLE AT T 13 -8 2 U 1 i BT A bR At
et MIGRAMPTL N, ZRERN, 193 BEEAKN R 26 FER, 132 NZEMF BT S . FRER) A A
ZEEME(h) N 0.589~0.887, HHRZFEE () 0.001~0.028; FHFREARSE £ 2 0.81, 1 7 9 0.014; HiFfHAE
¥ hHy0.72, V37 0.012; PIRFAZIRIE 7oA o (5 G 535 1 25 5 (P>0.05) o Al 5t A5 40 (LR 4 (F ) 9 -0.348~0.151,
FPRE IRL A 1K 2 rh B oAb K O o RV b i 2 BRI 38 A% 734k /N(F=0.001), 43 )5 2250 Hr et fe A 3 22
M FBEIA N (96.4%) o X 13 AMERREE A DK Structure 04T B, FEA MAERZE N 3 AN FERBIZERE, A3 K A
JEHE AN ) ARRE A AL B, i PR AR I AR 5 8 A T T 0 AT A Jm JEAF OGP . B IR ) R R B R, 3 AN
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KR KL 6 stE AN e R b AW
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phthalmichthys nobilis) . . i (Ctenopharyngodon
Idella) 175 i (Mylopharyngodon piceus) i K & ¥
FEl B AR IR AN S, FROM DU RZE M7, KL
Je FE DU R K a0 A XM T 98Bk 2R £ Y
FERIEX, I EK G FRIH A2 Kk e fit T
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BB UK 5 A0 [ 5 K 7 ol g 9 AR A X L
i A S SR Z 5 K A= Bl A A
SR Do WA, N TIRE K ILEEGEIR | #h e 2
I, E 2002 4EHA VTR O T et i, R
T 4 4F B TR 30 {2, BER KT Ml %
TS AS AT Bl ke 1) 2 L 21 R 43, WF o e A B T Y
TRIPFIFI, X T A Rp LB L 2 B &
B X,

— H LR, KT % 09 st L 2R = K
N R G 58, AFEFR o TL B s Jm SR k1 7
A TS o 2818 U SR 4ok /R DNA (mtDNA)
PR i N VI B R 7 BO K B 2 B iR, pFoR
TRITH TR 3 NLB RS AL 2R, K6k
PkmE LR 20 50hE M T ERCH
AR, BB ITPEA MR 2 A V1B A A
WA RAEBAL k. IEER, 5% H KR H mtDNA
FERARICHEAR, TP T R VTH o VT B il b 3 11 35t
2 wrgz M T mtDNA TCZ4L 24U S AL
RaE M, BT TR RSP mtDNA

N,

AL (3R b B (Cyt H)HAT HEALEEEE | 5%
B B AR e S, 1E TR
ICHFREMER R ZE R FHR, AR
H Cyt b 73 FhriE, HrRIT TR R 13 B
fi fte B £ o R ) GEE A A5 R, DU T A B AN A Y
PEAE T S, PR NS B R A K AR B b
JRGE R R W, O B b o R A £ 3 £ 11 B A
Kl

1 HR5HE

1.1 HARE

YT A DU ECE ) R VTP 1 2000 km
MITLEE, A8 18 AN A 855 1y 8 A RAE W, 4R
Ll R BHIEZ IS, F 2020 4F 10 H—2021
A8 H, FEKI . MKW . EOK IR R T
R, B TE 13 AN IRIAR SR AR W 1 4 i e A
(F 1), PRl S R SCHR[15] B A A 847 5T HL
TERL LA, AT 95%M LB+, 1 1]
S E 20 CUKFEPRAT A

32°0' - @ AR RAE A sampling sites for this study
O CHRRAE & sampling sites for other studies
P M WS

31°0’
30°0
29°0'

] ¢ 3 Xiangjia Dam
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Fig. 1 Sampling sites of silver carp in the Yangtze River

1.2 EFEZ DNA REL. PCR # &0 =

B 30 mg LN T 1.5 mL 2045, BIRE,
e DNA =2 Bzup U8 E 4 DNA
TR S UL (VA T, $REUAY DNA Ji R
I 1%35 e b 5 e L PR, e ) 20 C ok
FE

FIFHE M2 Cyt b @ PCR 5141, 45
LR R R 4 E S (EU315941), itk Cyt b
FH 4K PCR ¥ 345 9) L14724 F1 H15915, J741

2 9N 5'-GACTTGAAGAACCACCGTTG-3' #il
5'-CTCCGATCTCCGGATTACAAGAC-3’ , PCR
RWARZ 25 uL; f345: ddH,0 10.5 pL, Tag PCR
Master Mix 12.5 uL (KARZES)), 514 L14724 F
H15915 4% 0.5 uL, DNA #ifz 1 uL (100 ng). PCR
RV FERF: 94 ‘C 4 min; 94 'C 30s, 54 C 30 s,
72 °C 1 min, 35 PME#; 72 C 5 min, PCR =¥
28 1% R WHEE R UK, 3% b A TAY) T2
FeAR MR 4547 BR 2> w18 F PCR H7 38 5 [ 9 X il -
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1.3 HESH

W FRAR 4 FE S il SeqMan BN TPk |
FTAE, HE Cyt b GEIEL AL DnaSP 6.0 Z !
THE Cyt b istfE 2280, 4% 284 4 (numbers
of variable sites). fi] 215 B 1 £ 2 (numbers of
parsimony informative site), FAA57I%L H (numbers
of haplotypes) . Hf% R Z % (haplotype, h) . #% 1
TR Z ¥ (nucleotide diversity, 7). %54 GenBank
R A AT AT L #EE Cyt b FEH 7 Rl fg
(MT002859, —62, —64, —68~71), FIJH MEGA11 #&
PEUOR SR e Ta] A B AL HE B, SRR (NT) . DLt
T (BI) Rl KA SR 3 (ML) A5E 76 g st B35 U R 45
BB, NI B EZ i 1000 ¥K; MrBayes v 3.2 X
PP BI BHZEAT 8.9x10° £X, A4 A B — okt If:
R AR, RaxML8.0 B AEPEEE 1000 YA
ZER 9, 1153 ML W53 > B A5 B . Network 5.0 4K
P22 ] B3 R ) 45 56 2R R

FIH Structure 2.3 F PR SL DA RIS RE Y
FhEERAL 25 ¥ 438, R MCMC (Markov chain
monie carfo)B B HF, FFIn AN EHGE RS EE R
2.0x10° ¥k, KiAE—AN AT BE A L B REEH K L
BENL 2~10, A~ K HBOE EE BT 3 IR, ]
Structure Harvester (http://taylor0.biology.ucla.edu/

structure Harvester)i1 % Delta K W{EH 35 5 40 00 &
& KAH, KHXRW O 8, #ds o [Hik 17 BUE AT
Ak .

iz 1] Arlequin35 #/4PUH AMOVA (analysis
of molecular variance)/ Mk, THREBEAR P FIEEA
[] ) 38 A% A6 BB (F o), FEFLESZAEE 1000 1K
AT PR S . A% T R AN BT 4T 43 A (mismatch
distribution) A1 H MK 56 (neutrality test), FLILEE{A
P s S S HE AR AL Tajima’s D (. Fu’s F, {H .
s 22F-J5 Fl(sum of squared deviation, SSD). HLf#
+8 %0 (Harpending’s raggedness index, Hri) 4 7K it
M Z8(r). FIHAR =020k RHA A
ProkEtE, Hru TSRS R R, u=2uk, Horp
1 RIFINRAER, SR 1%/ A T4, k ¥4
(IR (bp); B A AL BT, 3 AR AT,
HEARY sk B 7=31,

2 HBRESH

2.1 FlEfksEE

KITFRAKR 13 A RAE SRS A
A 193 BB(F 1), Cyt b FEH 2K 1140 bp, #lIE A
T. G. CV-HHBIHH 29.9%. 28.3%. 13.9%
H27.9%, B AAY, Hrb G & &V BRI,

1 KITRKRBEEARERES

Tab. 1

Information of silver carp’s samples collected from the Yangtze River

FhEE population RAEEH A collected site

KAERT[E] collected time FEAE R sample number

HE YB 28.778055°N, 104.617770°E
i Lz 28.877887°N, 105.439640°E
bR 29.205752°N, 106.154377°E
Lt JB 29.599242°N, 106.573659°E
T wz 30.830235°N, 108.428359°E
A WS 31.08064°N, 109.882746°E

HE YC 30.689125°N, 111.285763°E
# X HG 30.438421°N, 114.841833°E
FAJY 30.002192°N, 113.879674°E
A SS 29.742209°N, 112.385161°E
WA JL 29.802306°N, 112.872985°E
BBl CLY 29.444522°N, 113.146082°E

0 HK 29.730833°N, 116.19944°E

2020.11, 2021.4, 7 18
2020.10, 2021.4, 8 8
2020.12, 2021.4 22
2020.10, 2021.5 26
2020.11 3
2020.11, 2021.5, 8 15
2021.6 2
2021.7 3
2020.12 2
2020.12, 2021.6 43
2021.6 11
2020.11, 2021.3, 8 33
2020.10, 2021.5, 7 7
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KM HM G fifd. T+A FH(58.2%)H T G+C
(41.8%). JFA KA a4 13 ¥k, Hide 11K, B8
i T H S

13 MEEFREERY Cyt b FEPH P FI KGN E] 26 F 2.
{51 (GenBank no: OM417143~OM417168), £7
{5 B AL 125 AN LME B A 7 AN BAge AR
7o R W R b B 1 5 24 B 7 S B 2 28 A
SR Z (3R 2). HTH B g AR MR A R
AR /D, SEOAMZ M h kB ERRME 1,
AR e R BN RE 1 L AE AL, RS geit e
Bro B, MEEMPRMER N L JEE R
0.589~0.887, F-14°4 0.77, VLEFNHE b i, DB
Wloh K. MEEMEZETREZEME » JWHEA
0.001~0.028, FH#°8 0.013, WHIFEER « fE,
PN 7 A, BIEREIATEY h o 0.81, SFY R
0.014; HFHFREHAEY) h ol 0.72, F¥ 7 5 0.012,
bR AR 2 8 h (H TG 3 25 7 (d7.569,
P>0.05), = {HIRTC i 3 2 5 (df=7.415, P>0.05).
2.2 FHEEESL

SRR (] B st AL BE B, i R S i W A
Z 8] K (0.026), T _L i 3 M A e i 5 40 22 [A) dx
/N(0.001); FREEN, W FREEAY 515 FE B R K
(0.03), Fafa, BEXI . J7 AP N Fh B = 18 A% 4)

(R 3). FPHEZ ] B 35t 1% 43Tk 48 B (Fo) T FL
—0.348~0.151 VLAt S3EHLZEN 0.329, BT
TG SR A AT B 2258 A, B HERR) o Ik
BROlSyiE ., . WRZE, RS ER . A
T Z A AE 5 3 15 4% 43 A (P<0.05) o HAR Rl Z (8]
() Fy JC &L 2% 5(P>0.05). AMOVA 43#r#
B, LA E N SR R | K &R b 2
BRI BHA N S A 3 ECH 96.4%, BERI] 122
SEMECR 3.6%; AL 2 DNMEHERNT Fy
4 0.036, BEMRIAIN Fy ol 0.001; R BRAES +
BUOE A RERPY, BT K R SERE A ) s
SAAGAEE /N
2.3 FhEHRLEN

XRILT WK R 13 DEEFPREIE T 3T
Cyt b JFFIHZEH) Structure 5347, M2l A9 Delta
K I K (HR AR (B 2a)%F, Delta K
WEE T K EN 3, m b 13 SRR AR R
RIEGIAN 3 AEERRIZEHE . MR R R K Y
it ok A, MARIEF R — S b (B 2b).
12 AFREX A FE AR (R L PRI 2R B ep, A JY
GRE)FPRE AR E 1 D SER B h, R
T K R SR RS ZE R Rl A

F2 KIITRAKREME Cyt b BEZHMEEH

Tab. 2 Parameters of Cyt b diversity of silver carp’s populations in the Yangtze River

R AR H EZY VA (IESKEISEVASE AR A AR AT IR 2 HE

sampling site variable site parsimony site haplotype diversity, /& haplotype nucleotide diversity, =
HIZ YB 63 42 0.830 8 0.018
7MLz 7 1 0.786 4 0.002
DIRE W 63 45 0.887 8 0.018
vrde JB 47 45 0.815 6 0.012
T wz 39 0 0.667 2 0.023
AL WS 63 35 0.876 9 0.012
HE YC 10 0 1.000 2 0.008
# X HG 6 0 0.667 2 0.004
w0 JY 1 0 1.000 2 0.001
fE SS 52 46 0.842 12 0.009
WA JL 95 90 0.800 6 0.028
WpHl CLY 65 36 0.589 9 0.006
W1  HK 43 3 0.714 4 0.011
41 total 132 125 26
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Tab.3 Genetic distances within (on diagonal) and among (below diagonal) populations,
and Fi among populations (above diagonal) of silver carp in the Yangtze River

ki we o MR A wma EA MK WL Aw N M mE Bl e

population HK JL 1 JY YC HG CLJ SS wZ Lz YB WS JB
10 HK 0.010 -0.008 -0.031 -0.298 -0.177 -0.185 -0.046 -0.059 -0.179 -0.016 -0.027 -0.085 —0.065
W] JL 0.021 0.030  0.064° -0.204 0217 -0.114 0.118"  0.104 -0.070  0.054  0.076  0.031 0.063
PIRE W) 0.015 0.025 0.020 -0.081 -0.141 —0.030  0.113" 0.062" -0.173 0.111  -0.039  0.001 -0.011
Y 0.006  0.017 0.012 0.000 -0.100 -0.286 -0.251 -0.197 -0.214 -0.359 -0.065 -0.237 -0.150
HA YC 0.009  0.019 0.013 0.004 0.010 -0.286 -0.116 -0.150 -0.177 0.119 -0.060 -0.245 -0.206
# X HG 0.007  0.018  0.013 0.002  0.004  0.000 -0.182 -0.157 -0.047 -0.143 0.009 -0.152 -0.103
W gL CLY 0.009  0.019 0.014 0.004 0.007  0.005 0.010 -0.001 0.137 -0.039  0.151" -0.013 0.329
HHE SS 0.010  0.020 0.014  0.006  0.008 0.006  0.008 0.010  0.038 -0.006  0.099 -0.014  0.001
M wz 0.014  0.025 0.017  0.012  0.015 0.013 0.014  0.014  0.000  0.045 -0.223 -0.076 —0.091
i LZ 0.007  0.017  0.013 0.001 0.005 0.002  0.004 0.006 0.012 0.000  0.142 -0.004  0.041
HIZ YB 0.015 0.026  0.018 0.013 0.016 0.014 0.015 0.015 0.017 0.014  0.020  0.028 0.019
A1 WS 0.011 0.021 0.016  0.007  0.009  0.008 0.010  0.011 0.016  0.008 0.016  0.010 -0.348
Lk JB 0.011 0.022  0.015 0.008  0.010  0.008 0.010  0.011 0.015 0.008 0.016  0.012 0.010

T * R LS (L 20 AL TR 4 Fo 1022 53 .35 (P<0.05).
Note: * denoted population’s Fy exhibiting significant difference (P<0.05).

600 -
Delta K = mean {[|L(X)|]/sd[L(K)]}
500 -

et — 1 e S e ——— e

HGHK JB 1 JLIJYLZ SS WS WZ YB YC YY

El 2 KILFiHKZREE Structure T2
a. Delta K i K {HASb#E3LE; b, K O 3 I 13 ANEERPEEREA RS,

Fig. 2 Structure cluster diagram of silver carp in the Yangtze River
a. Curve of Delta K related with changing K value; b. Sample clustering of 13 populations of silver carp (K=3).

24 THEHEEXER 13 ANFPEH B, $FGE 39.9%. L NCBI 5 J#

13 ANMEERPVEERY Cyt b JEH 26 FIERMEAL(ER 4) & MG Cyt b 5L K JF 41 (MT084757,
o, KRITF b Fipap Rt s m 11 4>, Wit EU343733) 84N, 45683 3 MREECT M .
R EERRA SRR RS O 11 A5 SY Hapl 72 FAR . URS) Cyt b FEAY 7 FhERA5 I (Hap 27~33),
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RF NJ ik, BIIAR ML AW @R R A F
B, BHEARFE AR (3, AU NI,
B8 33 MERAEADE BB 4 32 Hap 12,

Hap 13, Hap 25 % Jy—3; Hap 2. Hap 3. Hap 6.
Hap 14, Hap 16, Hap 20, Hap 27. Hap 28, Hap
30 A —3¢; Hfl 20 P RIR Oy —37; &SR
FE B0 20 A5 ERPREIC G, Hap7 S8FRY Cyt b 3R
H—3Z, LB Hap 7 SR AL 227 A o9 i
AA R A B 25 &I (&1 4) R A1, Hapl
MG, O 13 AR, HIR Hap 2,

Hap 3. Hap 13 # 8~11 PFPHEILEE; Hap 7 RN
KRR, PR AT AL, Ffs Al
RARGE R GREACR A M PR A B 2 6] AT B 2 A9 AR
Ko o FE T NJ B FITERLAG R ) 2 (K] 24 3R B, B Cyt b
FASE AL R 3 AN R (A
2.5 KIiIH bist B kah e s

N PERE B Tajima’s D #1 Fu’s Fy 255 547
B i Iy s, AR VLT K R EEVE R —ABE
K1Y Tajima’s D HEMHAH, Fu's FEHEIIEE,
Cyt b 5% R HE B REA 1T 8 Tajima’s D {1 Fu’ F

F4 KIITRAREBEME Cyt ) ERBERARTS T
Tab.4 Composition and distribution of Cyt b haplotypes in silver carp populations in the Yangtze River

KT L% upper reaches of the Yangtze River

£ YL 137 middle reaches of the Yangtze River

i ait
haplotype FLEE VML JLEE JTde PM AL EA R WA B MR ORBEL W0 o
YB LZ 1 JB wZ WS YC SS JL JY HG CLJ HK
Hap 1 6 3 4 8 2 5 1 15 5 1 2 21 4 77
Hap 2 2 1 3 2 6 1 1 4 1 21
Hap 3 1 3 5 3 1 1 2 16
Hap 4 1 1
Hap 5 1 2 6 1 10
Hap 6 1 1
Hap 7 2 2
Hap 8 3 1 1 5
Hap 9 1 3 1 1 6
Hap 10 1 1
Hap 11 1 1 2
Hap 12 1 1 1 3
Hap 13 5 5 4 1 1 4 1 1 22
Hap 14 1 3 1 5
Hap 15 1 1
Hap 16 3 3
Hap 17 1 1 2
Hap 18 5 5
Hap 19 1 1
Hap 20 1 1 2
Hap 21 2 2
Hap 22 1 1
Hap 23 1 1
Hap 24 1 1
Hap 25 1 1

Hap 26 1
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Hap 1

Hap 26
Hap 21
Hap 11
Hap 15
Hap 32
Hap 29
Hap 31
Hap 23
Hap 17

67/87/0.89

Hap 19

Hap 10
Hap 9

—
63/90/0.98L— Hap 24

Hap 5
Hap 8

—
66/64/0.53L— Hap 18

Hap 33
Hap 22

Hap 4
Hap 27
Hap 16

99/97/1

99/-/-

71/75/0.93
53/73/0.72

Hap 3

Hap 20
Hap 6 I
Hap 30
Hap 2

Hapl4
Hap 28
Hap 13

52/48/0.93

96/86/1 _E Hap 12 I
100/99/1 Hap 25

Hap 7

(—
100/99/1— EU343733.1

MT084757.1

K3 RKITT KR EE Cyt b HAEALE AR
A3 ST A EYBCF 4R 50N B NI/ML/BI R B b B S 45
Fig. 3 Phylogenetic tree constructed based on Cyt b haplotypes of silver carp in the Yangtze River
Values at the nodes denote the support value of the phylogenetic trees constructed by NJ/ML/BI methods.

EHEIIEE, AR B2 (P>0.05)(F% 5),
RGP R RS, BRI RAT 5K
Cyt b FAAE R 7 Y BEIA 119 Tajima’s D {H Al Fu’s
FAES M, HikEIM &K (P<0.01), FRE
T RS RO R AL B (B s, BRI & AR sk
H, FOABHA IS H Cyt b AR D3
), RHFTHARBNS 387

A RSB AT £ B, KIT T I sE1E N —4

HEARFN Cyt b HLAE RIRE S B RFAAR 10, SRR UIE: A5 4
AR U Ze (B 5), UiBHBHIA AT 295K . Cyt
b FAG RURA A REAAR 1, PR TR G A5 0 A o FALUG
M4 (& 5), JF B UI{HE -5 BB E R R — 2o 3,
SSD {#(0.01)F1 Hri {E(0.07)2% 5K i3 (P>0.05)
(R 5), IR FRMB G, 776Ky KR
Uh, R T W R AE S EGE YT SR ZS [ 40 A B HE
18] A 5 Ma Fi .
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i{ap 7

= FEE YB
VN LZ
— T T
Tt JB
SR BN
mm H FD
w3 AL CLT
— 7 WZ
— il WS
HE YC
— 7SS
] TL
— A JY
X HG
#10 HK

Bl 4 KILTHKREE Cyt b BT 2500 R
B RR AN TR, G/ RIR BB BURR, e B 3R SRR B 5 DA
Fig. 4 Haplotype network based on Cyt b genes of silver carp in the Yangtze River
Colour denotes populations, block size denotes haplotype’s frequency, and linear length denotes steps of haplotype mutation.

x5 KIITRKREBEEE Cyth ERHERBNZERELS S

Tab.5 Neutrality tests and mismatch distribution of silver carp groups in the Yangtze River based on Cyt b gene

RHERS I neutrality test AW />4 mismatch distribution
4 B i T 23 L T
g)jjfp Tajima’D Fu's F5 demogrffli{jf:n%sigjn model spatiall E{i};i{iﬁ%odel
D F, SSD Hri T SSD Hri T
4FRBEIAR all populations -1.18 5.69 0.13 0.25 40.03 0.03 0.06 6.65
BEAAR T group 1 216" -13.73" 0.01 0.07 0.81 0.01 0.07 0.80
BEAR 1T group 1T 0.42 2.05 0.07 0.20 5.30 0.04 0.20 3.93

T2 * 3R v ARG 6 RIS R 5 T 20 A1 B ML F) 22 53 W T2 35 (P<0.01).

Note: ** denoted neutrality tests and mismatch distribution exhibiting extremly significant difference (P<0.01).

> 400 FEAIT group IT 4000 . Z2EBEEM total group
3500 B4 group I 350 = —$HP{H expection value 350011 ——JHIZA{H expection value

% %(5)88 —+— HJEB(H expection value 3(5)8 \ = WLI{E obgekyation value 3000 -=-JEI{E observation value

2 —=-WMI{E observation value [N 2500 !

£ 2000 200
e 1500 150 i

iy 1000 100 i

E‘ 508 L L . + -+ + - 58 1 N “ & l’ I“\ ,‘ L I I 1 Al

0o 1 2 3_ 4 5. 6 7 8 01 2 3 4 56 7 8 00 10 20 30 40 50 60 70 80 90
P2 pairwise difference PRI 5 pairwise difference WL F pairwise difference

Bl S KU K 2R S (R kA 1 R i 143 A
Fig. 5 Nucleotide-mismatched distributions of demographic expansion of silver carp in the Yangtze River
3 Wi ZHM () 2 NEZERE, fBnEsE, R
YAk Rt . AT, KITTFRAKR 13
B ZREME R A ZAEVER SRR, WRAY  NHAREES 193 BEEREA Cyt b FEHIN b Rl ©
PRIRICRIPAL Y SR R A e ZAE0E 35109 0.77 710,013, B & TiX 2 MEFR 1B
MK, SRR BAE B Z R () M R s (B (R M 0.5, 724 0.005)25 %) g% T
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PR AR A RS 5 KT b 3 B R R 4 A 1 (=
0.849 I 7=0.014), /& T FRe iy O KT il
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Abstract: Fish species diversity is richest across the Yangtze River, but fishery catches are rapidly decreasing due
to human activities and excessive fishing in the past decades. Therefore, a “10-year Fishing Ban” plan was
launched from January 2021, which aims to recover the fish stocks and aquatic resources across the Yangtze River
Basin. Silver carp (Hypophthalmichthys militrix) is an important fishery resource in the reaches of the Yangtze
River. However, a large-scale investigation on the genetic diversity, population differentiation, and influence of
human activities on silver carp of the Yangtze River is currently lacking. To protect and utilize the silver carp
resources in the Yangtze River, using sequence characters of mitochondrial cytochrome b (Cyt b) gene, we
attempted to analyze genetic diversity, compare genetic relationships, and re-construct historical dynamics of
silver carp via 13 wild populations from the middle and upper reaches of the Yangtze River. A pair of primers was
designed for PCR amplification and sequencing of the full-length sequences of silver carp’s Cyt b gene. SeqMan,
DnaSP 6.0, and MEGA11 softwares were used for DNA sequencing, genetic diversity, and phylogenetic tree
analysis. MrBayes 3.2 and RaxML 8.0 softwares were applied to calculate the support values on the tree’s nodes.
Network 5.0 software was employed to construct a haplotype network. Structure 2.3 and Arlequin35 softwares
were used for sample clustering analysis and population dynamic analysis. The results showed that 26 haplotypes
and 132 polymorphic informative loci were detected from a total of 193 samples. The haplotype diversity (/)
ranged from 0.589 to 0.887, and nucleotide diversity (z) ranged from 0.001 to 0.028; the average & values were
0.81 and 0.72, and the average = values were 0.014 and 0.012 for the upper and middle reach populations,
respectively. The values between the two populations did not change significantly (P>0.05). Genetic
differentiation coefficient (Fy) for population pairs ranged from —0.348 to 0.151, suggesting lower to middle levels
of genetic differentiation among 13 populations. The genetic difference between upper and middle populations was
very small (Fy=0.001), and analysis of molecular variance found that 96.4% of variations occurred within
populations. Genetic structure analysis showed that clustering samples of 13 populations, all samples were merged
into three pools of gene, and each population (12 of 13) had a different gene pool from other populations samples;
and there was no direct correlation between gene pools and sample-collected site distribution. The phylogenetic
tree based on Cyt b gene haplotypes showed three main clades wherein each clade was composed of haplotypes
from different geographical populations, and the three clades did not have a relationship with the distribution of
sample-collected sites. Evolutionary network analysis based on haplotypes showed three clusters (I-III), and
neutrality tests and mismatch distribution analysis indicated that Tajima's D values (-2.16) and Fu’s F values (—13.73)
of cluster I were significantly negative (P<0.05), and the results of nucleotide mismatch distribution were consistent
with the hypothesis of the single-peak curve, indicating that the demographic expansion of cluster I occurred. The two
other clusters and one large population formed by the 13 populations did not have an observed demographic
expansion. In comparison to the high habitat difference between the upper and middle reaches of the Yangtze River,
silver carp showed low genetic differentiation between the upper and middle populations. Our results provide
basic data for protecting and utilizing the germplasm resource of silver carp in the Yangtze River.
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