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XYL B R Y 3548 AR R AL 25 0 R 17
30T, DA R TIK 2R SR B3 P4 . R A
o B IR BEACHE .

1 HRE5HE

11 BEASkR

7S b B A P R VT R AACR 4 B KL
HE. BENITNIE, iR E A A EE
VLY RZE AR . WA S T LY R 5
0 37 M) R 2R SR, R g R AR RO AR
BIoh WA Bk ANV B, &5 Y AR b,
123 AR SRAE B BEGE ZE A 22 T00K L BT
SE J5 BT -20°C KA TR AE, HE S DR A AE R I K
PERHAEFE BE A VLK P WIS B VL sl A=
PR, BEACSRAR(E BN 1 P
1.2 COlI Fay 8RN FF

TG 2R SRR A IR AT BE I 4 DNA ORI, 6%

x1 BEAREKRER

Tab.1 Samplinginformation of Hypophthalmichthys malitrix

Rk R A5 i E K

population sampling site location number
HE YB HE 104°64'E, 28°77'N 20
R ZX R 108°09'E, 30°33'N 7
TN Wz JiM 108°44'E, 30°84'N 11
AE SS A W] 112°44'E, 29°76'N 28
WA JL W 112°94'E, 29°67'N 30
WL XJ USRI 112°99'E, 28°27'N 27

NP LEAM K WiLE, Hmshk it ot H 4
DNAU, 22 1.0%R BB MEE Il kR, BT
20 CUKFIPRAT . Zekifk COI PRI KIE
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CGACGGCCAGTCAACCAACCACAAAGACATT
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14 B R — W A W R A B A F A
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115771344579144781237013456889000123499124 pyoopm

022248736861828717984797651084056624234424 number

Hapl TGGGTTAACGAGAAAGTACCTATTACAGTCATATTGAAGTAC 54
Hap2 ........ T e e 3
Hap3 . ......... GA......... Cov e e 12
Hap4 . ...... L 2
Hap5 . e e G..... 1
Hap6 A e C.. 7
Hap7 A e e 1
Hap8 . ......... G. oo v i i Cov vt e 3
Hap9 ...... G..A. ... ..., C.ooooo vt C.oooo oot 7
Hapl0  ...................T......... TG..C........ 11
Hapll  ........... Ao 4
Hap12 AL L 1
Hapl3 . e A ... G. A 1
Hapld . e C..A.. 1
Hapl5 . .... Ao T.T AL T 1
Hapl6 B 1
Hapl7 . .... Ao e Ao oo 1
Hap18 e 1
Hapl9  ...... G e e 2
Hap20 O CCT...C..T..C G.C. C 2
Hap21 . ..... G..AGA......... C A.T. Covvviv i 2
Hap22 AL Ao 1
Hap23  .......... GA. o e 1
Hap24 . ..... G...GA.GC.CGT.C.C..T.......... ... C. 1
Hap25 I GA......... Cov v it i it 1
Hap26 A...Coooo i CCT...C..T..C.......... C 1

K1 Ak Col

J¥ 5 A8 S or 5

05 B FOR 7 S AR S R R A7 L A2l Hap1~Hap26 3%7m S A 4% 7K.

Fig. 1

Variable site of mitochondrial COI gene for Hypophthalmichthys molitrix

Numbers of the top represent the locations of mutative nucleotide acids in the 26 haplotypes of H. molitrix.
Hapl-Hap26 on the left are the names of 26 haplotypes.
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Tab. 2 Distribution of 26 haplotypes of 6 Hypophthal-
michthys molitrix populations from the upper and
the middle reach of the Yangtze River
AR HE ORE S T A R Wi Sdt
haplotype YB (20) ZX (7) WZ (11) SS (28) JL (30) XJ (27) total

Hapl 5 5 3 17 8 16 54

Hap2 1 3

Hap3 3 2 1 3 12

Hap4

Hap5

Hap6 3

Hap7

Hap8

Hap9 7

Hapl0 3 8 1

Hapll 2

Hapl12

Hap13

Hapl4

Hapl5

Hapl6

Hap17

Hap18

Hap19 1 1

Hap20 1 1

Hap21 2

Hap22 1

Hap23 1

Hap24 1
1
1

_ = = = N W N

—_ e = e e e = N

Hap25

2
1
7
1
3
7
1
4
1
1
1
1
1
1
1
2
2
2
1
1
1
1
Hap26 1

IR . Hoh Hapl 324046 1 6 MEER, A& T
SANAEK, LB ARE R, B Hap3 BRI
TR LLAMR) 5 DNFERILEE 12 SR

{57 Hap4, Hap5. Hap7 MA1 & BERSEA, Hap9
N WEFIREA S, Hapl2~Hap18 N HIVTAHAYRA,
Hap21 AHHERAMME, Hap22~Hap26 A7 M HE
TRFEF .

6 MHERIARERIZAEME R 0.476~0.945, #%1T
MR ZREVE N 0.00196~0.00982, I ITFIR 2 5 M
1.27~6.36, RMARBAERIZREM: Ry 0.785, J7 MK
PSR Z R, PSR 2RSS 0.945, 1
F R 2o WM B AR I 2 A BB (H4=0.476), TE 6 1
BEAA T A D B AR AR R Z BN T 0.5, 5
L 2R RAG . BRI IR Z RN 0.00524, #
TR 22 M fe 8 19 R J7 M BE1R(0.00982), HefikAY
FATE (0.00196), Horp U7 M | B RN W B IR A
5 (2>0.005), i A7 . VLR BB R # AR
(7<0.005).
2.3 EEEEEEN

R R D RV R [B) P 3t A R B AN 35 4 BT, 6
ABERBEAR N BB A 0.0028~0.0141, BEAN
15t A% IR B B R o T M BEAA (0.0141), 75 795 B 44 (1]
AL IE RS N 0.0030~0.0130, FHEAA ] 35 A4 1 B8 A
T T M R ENR (0.0130) 0 M 375 i g
N4 £ VTR o b 1 N R NI S
0.0061~0.0117, 5t 1% R B £ KA R B 5= 5 J7 M HF
A o HE AR A BE AR (] 3542 5 25 0.0031~0.0067,
gL BB TN R | KR A £ N w1 e b 2
TEEAA F 5t A% T 5 B s TR B AT B S A S e

I Arlequin BP0 B BERE (A (8] 19 3545 504k,
R ER, KL EFER ., BE . T =K
28] Fe¥I/NT 0.05, HERARRE, RIH =8
RZ LR AR, KIThliEA e . WA

#* 3 KiI LifF 6 MR EIRE SN
Tab. 3 Genetic diversity for 6 Hypophthalmichthys molitrix populations from the upper and
the middle reach of the Yangtze River

BEIR population ZFSFA7 /&5 variable site HLf%57U %0 number of haplotypes FAfEHI ZREM: Hy MR EZHEM: 7 PR HTFRE S K

HE YB 20 8
BE ZX 3 2
M Wz 3 9
A SS 9 8
WA IL 14 6
YL XJ 15 10

BVA total 41 26

0.889 0.00724 4.70
0.476 0.00220 1.43
0.945 0.00982 6.36
0.627 0.00196 1.27
0.809 0.00650 4.21
0.652 0.00254 1.65
0.785 0.00542 3.40
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* 4 BEECKR COI BHFBIM DL R R(Fo) (AL LR FMERFAGI A% RABmEHFEMEEEBSIALTR)
Tab. 4 Thefixation index (above diagonal) among populations, genetic distance within
populations (diagonal) and among populations (below diagonal) of Hypophthalmichthys molitrix

1A population HZE YB B zZX M wz fHE SS WA JL WYL XJ
HI YB 0.0088 —0.0200 0.0288 0.0900%** 0.0453* 0.1115%*
BE ZX 0.0061 0.0033 0.0128 -0.0219 0.1133* 0.0198
TiM wz 0.0117 0.0092 0.0141 0.1763%* 0.1819%* 0.1939%*
HHE SS 0.0062 0.0030 0.0095 0.0028 0.1784+* 0.0106
Wi JL 0.0089 0.0067 0.0130 0.0064 0.0082 0.1762%*
WL XJ 0.0067 0.0034 0.0101 0.0031 0.0067 0.0033

T *7RIR 2853 3K (P<0.05), “** 7R 22 5 il L35 (P<0.01).

Note: “*” means significant difference (P<0.05); “**” means extremely significant difference (P<0.01).

WL = AR, WA S AE, RSz
1 Fo 535 0.1784 (P<0.01)#1 0.17622 (P<0.01),
WERIBER 5 6 AR R s 5 AL R B A
BUAbh, 7N i = AR Z A o ER
F0.15 Fy: 0.1763~0.1939, P<0.01), #8775 M
5 il =AY k. PR
A5 i ) = AN BRI AR B e st A5 o1k o

X AN [) B A A ) 79 A2 S iR AT 4 O 22 50 B
(F5), BEARMMEL A 5 S R 1Y 88.72%, #f
PR EN B AL AR A 11.28%, BHEAE T FEEHKA
THRARNAKR] . ¥ 6 NIRRT HRIL UL AT
VL PR, b e P AR o it A AR 170 241 ) 2
S BAR SR E A 2.34%, 41N BEIAR ] B L
55 9.91%, BERN G 7 H 5 R 87.75%,
PR 2H B a5t AL AR S R A BRI S R

SAMOVA 431 /R, # BL 52 (YB) R Bl 43 ok —
41, HA 5 AR N —4IE, 4L 1L e ds
B K (F.=0.99148), WA~ BHIE BER 19 18 15 25 57
FEOR A, 5RREZRE 99.15%,

R TR B A B A AR R R L 5, 4
il 7 B R 2 [ B I 445 5K 2R R (1] 2), 26 A4 B AR
TE 6 MR R R R, A RAERR A
U AS ) b FLREE A 17 9 B ST A9 435, T DA 2 R
FE T A o 1 BT IR Z5 4 o A5 R AR A
HOoM ARG BN I 2 R 3 s, LRl b pr
A HAEHIE 35%(9/26), H Hapl H 6 MHEARIE
==, ATRE M B RS AT, A Hap3 B BRI
VLRSI 5 AN BEASLE
24 ETF COl FIHRESZ#HL

KA K-2-P BRI SR R] i st A2 R 2, DA

R 5 SRR COl FHIBH AN EE 1482 F B AMOVA #1 SAMOVA 434ft
Tab.5 TheAMOVA and SAMOVA analysis among and within Hypophthalmichthys
molitrix populations based on COIl sequences

75 5 R H HH EE 3Nl A5 S 21 oy 5 5 ST Y% B LR AL

source of variation dr sum of squares  variance component percentage of variation fixation index
AMOVA(KST4H)
FEAKE] among population 5 188.326 1.65463 11.28 Fy=0.11278%*
REMAP within population 117 583.47 4.98693 88.72
AMOVA12h b iiFH Fn i)
#H[A] among groups 1 7.082 0.0411 2.34 F.=0.02341
ZH INBEIKIR] populations within groups 4 20.013 0.17397 9.91 F=0.10147%*
RN within populations 117 180.252 1.54061 87.75 Fy=0.12250%*
SAMOVA (43 2 41: 1. YB; 2. ZX+WZ+SS+JL+XJ)
4[] among groups 1 26047.170 776.17698 99.15 Fy=0.99148
ZH N BEIARTE] populations within groups 4 182.260 2.10467 0.27 F=0.31556%*
BEMRP within populations 117 534.099 4.56495 0.58 Fy=0.99417%**

T #7825 5 . 3K (P<0.05), “** IR 22 il 8.3 (P<0.01).

Note: “*” means significant difference (P<0.05); “**” means extremely significant difference (P<0.01).
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Fig. 2 Haplotype network of Hypophthalmichthys molitrix based on the COI of mtDNA
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SB'Hap 22 [ ]
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Fig. 3 Neighbor-Joining phylogenetic tree of 26 haplotypes

based on genetic distance by K-2-P model
Different colors mean different population.

#l(Carassius auratus, GenBank 1D: KJ874428.1)k
HMRE, FH NI RS SR RS R B (B 3).
A AT LA i, B A S S £ 3,
Hap9. Hapl0 fil Hap21 R h—37, FERHHE
A FIBEAR, HAD AR — 3, 450 5 A
HY ) 28 L BEAS X 107, A8 3 I b 7 1A 15 B R 45 2R
ANGE 4 —F, (HX P TR 0 25 SR 34 7 A
R () RIS AT T W 25 1) A Ry, AR ) LA
RUH A AE XA o
3 itie

G Z A VR R AL AR RN A BL A, s
ZREVERR T, MREAAE . BEATRY SR AT )
e, X EREE AR AR RS I AE kR P2,
5B 22 REVE (HLo) R AT R 22 HE P () 3 P b
R SRR R 1 5% ZREME, R 2R
SR (R GE R T A A 2, fE— e R LI
PR R ZZ RV T B S MR i 2 BRI A
WHoEiE A COI ZEF XS VLA B3 6 AN [R] b B
IRBEHEAT 1845 ZRE VR0 A, BRIK 1B, 6 DMHEIR
SRR Z R (Hy) Sl 0.785, BRI IR 24
()R 0.00524, 5T HA H WL 2 5% 2528 kL
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A DNA it 1% ZFEVEAH L, VL6 RS A 2 R
15 T BAf (Ctenopharyngodon idellus) (Hg=0.5855)"
AR T35 1. (Mylopharyngodon piceus) (Hg=0.950)"*"!
FE £t (Coreius heterodon) (Hg=0.9257)%, ¥ 1f
PR 2 REPE LA T 540 (2=0.0020 1 ) FII4H £1.(7=0.00417),
B F S 8% (Siniperca chuatsi) (x=0.00717)27 %
& (Hemiculter leucisculus) (7=0.03289)*%, Ffk |-
VL% B 5 st % Z 81 (2>0.005), 51T
BT s R IEAR T, Grant S50 2 £
R IR Z R Z R B R 400 4 Fh2e i,
AR EE . TN AE R AR RIS & Hy
= m RI(Hg>0.5, 7>0.005), 14 MV EAA R T
Hy ik = BY(H;>0.05, 7<0.005), M ELFEARNJE 1%
Hy & = % MR Grant ZPIRG803E, A 851
KR AE () B A H R 57 Hy = o 8, W] DAHE
DUELEE | 7 PN A R = AR R RE RN R E
A MU VAR T RE 28 g 2k PRl i) g st 9ok,
i [] P B A AT i 2R B I, S A 2 A
B, MAZ R A AR R A, IR T
BFDR A B IRAS 5, MR & Hy K =
R, B R TT B 20 D7 o S0 B B8 3 R
A — s DB R I A, AR TR S
HEEARRE DAL,

G AR BUR S M AR st R 2 S
$, Freeland ZPYHIL LA Fy ff 0.05. 0.15 1 0.25
R BR R KRBT SRR L RN, Fo AE RN 53
ERERE R, KyT bl = M EAEE . R 7
M 2Z ] 9 35t 1% 43 A 8 £ 8 115.(—0.0200~0.0288), —
ANTEUR 22 18] (8L A A BA B, 5 45 s S )
AR e = AR, AE AR
PR s 1L A FE BB (F=0.0106), MEAMEEIA S
A1 AT AL e I s AL Ak, i 400
i i D-loop RFLP Z3 41 & 30 FI B AR 5K VD HE A
FETE AL oAk, WA 5 WL A A TR 8 4% o3 Ak mT
AeSE T YLMIBH R S 800, b BB B 2 T SOhE 1A
)t Blast AL oAb B R, @ E ST, M
FRBS R, JERAC MR R S B Z /N, TS
LG oAl . H R 25 5 55 A% BE B AN A G 1Y
PG AR, R RE R AR AR %
TR AR AT B (0 R AR 22 Ao R S A A )

15t 4% BB B 55 Ml B Y T JCAH G ME, X 41 He
2B ¥ F 0 (Peltebagrus fulvidraco) b HIBF5E 5
T TR ] 382 12 IR B T b JL PR B A, ZE AR
gErh, BEOR )38 12 IR 55 05 A S W R R M, gt
=S S N S RN =1 = S g i - S S A N
TEAR b R 2 VA B B A e, XA 2 &
el T ARG A FfE— LR, HArg
A SR GE KA LSRR AR AR AT A4k,
F K A S 7 P 0 M ) S T A AT A B AL
I3k, BR2s R4 SE S Cyt b F1 D-loop JEH 43 H7
R ARE N L3 7 NS SR = TN R ey R
AETE i 3 m L o db, AR LR, L = Bf
b, BEEHA . JTMBRHAS S R = AN EER
B AEAE 3 st oAk, B BRI ORI
RAETE W WLk, 5 F KBS E
SR RART . S5 AT R LRIk DNA Y
WG R, AT ARSI KL E e R i AR T
T A AN TA] (g FloRE, HC A ER AT e R b A AR
AN R A AR e R AT R, 0 FT BE R R T b 2R B 46
= B 37 B AN (] e 7 A0 R T A9 56 TR A2 I 22 = i
B

AW R WoR, KILHA bk oy 5 & T
AANFEFRE, KU BE 6 ANEEREIA SR s
e Z R, AR VT B Y A R R R A A
ORI T —E MBS . R TIK FR s 5
7, ASHIESE A SRAE B S R AR B8 D S A Y 43
FAR A A — & 1 R BR80T 38 R b A
FEARAEL, 456 HA o FFRic SR TTK 2 6 1Y 5
1 ZFEPEHEAT T N A T 2O 2 B, RREEXT L
7K FR B ST B IR HEA T WO AT PR, DA ) 2
o T B Fofr J5T 5 Y ST RN i R 3 2 AR WA D,
DL RGBT AN PR SR P e i, DA S G b AR 4
24 1) A VLS BT U

SE W

[1] Fishery Administration Bureau of Ministry of Agriculture.
China Fishery Statistic Yearbook[M]. Beijing: China Agri-
culture Press, 2017, 25. [A Rl v B B sy, b [ ol
GRS M. Jbat: s ELRL S AREE, 2017, 25.]

[2] Li Z, Liang H W, Luo X Z, et al. A consecutive
self-proliferate silver carp (Hypophthalmichthys molitrix)



790

Hh K R

%258

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

variety created through artificial meiotic gynogenesis[J].
Aquaculture, 2015, 437: 21-29.

Vetter B J, Cupp A R, Fredricks K T, et al. Acoustical deter-
rence of silver carp (Hypophthalmichthys molitrix)[J]. Bio-
logical Invasions, 2015, 17(12): 3383-3392.

Li S F. Changjiang River, Zhujiang River, Heilongjiang
River Silver Carp, Bighead Carp, Grass Carp Germplasm
Resource Research[M]. Shanghai: Shanghai Scientific &
Technical Publishers, 1990: 25-50. [Z=E %, KL, BRIL.
BT B RARPTTRIRATIE M. B RiERLER
A HRAE, 1990: 25-50.]

Liu S P, Chen D Q, Duan X B, et al. Monitoring of the four
famous Chinese carps resources in the middle and upper
reaches of the Yangtze River[J]. Resources and Environment
in the Yangtze Basin, 2004, 13(2): 183-186. [XIZ°F, Bk
PR, BeaEk, A5, RULH It R 5 f B W I g vl 4
BRI KYTRE IR S5 2R, 2004, 13(2): 183-186.]

Liu S P, Chen D Q, Zhang J B, et al. Studies on the natural
resources reservoir of the four major Chinese carps in Laoji-
anghe oxbow[J]. Acta Hydrobiologica Sinica, 2002, 26(6):
628-634. [XIZAPF, BRRIK, KA, . BILIHGEPR
FAOTIRFIRERTTE[T]. AKAEA 24T, 2002, 26(6): 628-
634.]

Pang M X, Yu X M, Tong J G. The microsatellite analysis of
genetic diversity of five silver carp populations in the Three
Gorges Reservoir of the Yangtze River[J]. Acta Hydrobi-
ologica Sinica, 2015, 39(5): 869-876. [JE24E, A/, =
G ZIRPEIX 5 AMEEREAEEE R RCILR AT, K
AR, 2015, 39(5): 869-876.]

Wang C Z, Liang H W, Zou G W, et al. Genetic variation
analysis of two silver carp populations in the middle and up-
per Yangtze River by microsatellite[J]. Hereditas, 2008,
30(10): 1341-1348. [, 2246, 4bkEfh, & Ky
U A SRR AR AR R T B S T[], 5 E, 2008,
30(10): 1341-1348.]

YuY, Pang M X, Yu X M, et al. Population genetic structure
of silver carp from Yangtze River, Ganjiang River and Poy-
ang Lake based on microsatellite markers[J]. Journal of
Huazhong Agricultural University, 2016, 35(6): 104-110. [T
Bi, VESEER, A/, 45 R 2 FARICAM TR
355 00 TR0 LT S0 S A gt A 2 A 0], AR Pl R 2 23R,
2016, 35(6): 104-110.]

Zhu X D, Geng B, Li J, et al. Analysis of genetic diversity
among silver carp populations in the middle and lower
Yangtze River using thirty microsatellite markers[J]. He-
reditas, 2007, 29(6): 705-713. [ARIEAR, Bk, 2505, 25, #)

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

F 30 ML EFRIC BT AP N SRR 155 2R
[1]. 4%, 2007, 29(6): 705-713.]

Chen S H, Ou Y J, Li J E. Mitochondrial DNA and its pro-
gresses in fish[J]. Biotechnology Bulletin, 2011(3): 13-20.
[FRDLIEE, XOOH, Z5m)L. f2SEkifk DNA K HRRoTH
JE[T]. AR, 2011(3): 13-20.]

Wang D, Chen Q W, Yang Z Y, et al. Preliminary analysis
on the mtDNA COI genetic diversity of Culter spp. (Cypri-
nidae) in the Three Gorges Reservoir[J]. Acta Hydrobi-
ologica Sinica, 2015, 39(5): 1054-1058. [EFF, KR, &
B, 5. SR ENE MILOR K COT R (% 2411k
BRI A D). KA AR, 2015, 39(5): 1054-1058.]
Hu Y T, Jiang H, Pan T S, et al. Genetic differentiation of
Monopterus albus population from Anhui Province in Yang-
tze River basin based on mitochondrial COI barcode se-
quence[J]. Journal of Northeast Agricultural University,
2016, 47(2): 74-80. [BAELs, VI0], WREEXL, 5. FLTEk
& COI JPA I LB T s R A8 2 0BT R
Jegelraz244R), 2016, 47(2): 74-80.]

Chen W, Zhang F Y, Wang J, et al. Genetic diversity of wild
and cultured populations of Larimichthys crocea in the East
China Sea and Yellow Sea based on CO I sequence[J]. Jour-
nal of Fishery Sciences of China, 2016, 23(6): 1255-1267.
O, TRRSE, £5¢, & BT COLERFIINAR . Bl
X HFAE 5 IR0 R MBS SRR T[T]. T EDK R,
2016, 23(6): 1255-1267.]

HuJ, Hou X Y, Yin S W, et al. Genetic diversity and diver-
gence of Cheilinus undulatus of different geographic popula-
tions of the south china sea revealed by COI and Cyt b gene
analyses[J]. 2014, 38(6):
1008-1016. [##E, Fophe, FrA, %. LT mtDNA COI
i Cyt b B[R 51 5% R v A (R R A 8%
ZRPERIBTTE]. KA Y4k, 2014, 38(6): 1008-
1016.]

Aljanabi S M, Martinez 1. Universal and rapid salt-extraction

Acta Hydrobiologica Sinica,

of high quality genomic DNA for PCR-based techniques[J].
Nucleic Acids Research, 1997, 25(22): 4692-4693.
Thompson J D, Gibson T J, Plewniak F, et al. The Clustal X
windows interface: Flexible strategies for multiple sequence
alignment aided by quality analysis tools[J]. Nucleic Acids
Research, 1997, 25: 4876-4882.

Librado P, Rozas J. DnaSP v5: A software for comprehen-
sive analysis of DNA polymorphism data[J]. Bioinformatics,
2009, 25: 1451-1452.

Saitoun, Nei M. The neighbor-joining method: A new

method for reconstructing phylogenetic trees[J]. Molecular



55 4 3]

TS JET COI PP A I TL P LUl 6 S BEREMAC IS AL Z A1 0 A

791

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Biology and Evolution, 1987, 4: 406-425.

Excoffier L, Lischer H E L. Arlequin suite ver3.5: A new
series of programs to perform population genetics analyses
under Linux and Windows[J]. Molecular Ecology Resources,
2010, 10: 564-567.

Dupanloup I, Schneider S, Excoffier L. A simulated anneal-
ing approach to define the genetic structure of populations[J].
Molecular Ecology, 2002, 11(12): 2571-2581.

Ni S S, Yang Y, Liu S F, et al. Population-genetics analysis
of the Japanese scallop Patinopecten yessoensis based on
mitochondrial Cyt b gene[J]. Journal of Fishery Sciences of
China, 2017, 24(3): 432-439. [{i<FHE, #H4E, MIOS, 4.
FETLRE Cyt b FEFAYERE B DRSS 451 73 BT[]
rREDK PR, 2017, 24(3): 432-439.]

Grant W, Bowen B. Shallow population histories in deep
evolutionary lineages of marine fishes: insights from sar-
dines and anchovies and lessons for conservation[J]. Journal
of Heredity, 1998, 89: 415-426.

Wang S T, Zhang M, Dang Y F, et al. Genetic variation of
mitochondrial DNA d-loop region in wild and breeding
populations of grass carp[J]. Acta Hydrobiologica Sinica,
2017, 41(5): 947-955. [EIkF, 3KAE, "k, % Fal
A 5 B B ALK DNA 421X D-loop 8% 25 54347 [ 1.
IKAEEHEWIEEAR, 2017, 41(5): 947-955.]

Yang Z Y, Wang D Q, Chen D Q, et al. Genetic structure
analysis based on the mitochondrial DNA of Mylopharyn-
godon piceus[]]. Freshwater Fisheries, 2015(2): 3-7. [#5%4,
TEBSH, BRRIE, 45, T mtDNA FH5a b
FEEERI[T]. TRk, 2015(2): 3-7.]

Yuan J, Zhang Q Z, Li F, et al. mtDNA control region se-
quence variation and genetic diversity of Coreius heterodon
(Bleeker) in the upper and middle sections of the Yangtze
River[J]. Acta Hydrobiologica Sinica, 2010, 34(1): 9-19. [
IR, kIR, ZRT, AR H ORI X T B AR R A
BEZAEVELT]. RAEAYHR, 2010, 34(1): 9-19.]

Yu F Y. Study on genetic diversity of Siniperca chuatsi/kneri

(28]

[29]

[30]

[31]

[32]

[33]

complex in the Yangtze River[D]. Guangzhou: Jinan Uni-
versity, 2011: 18-19. [AXWLEE. K ITHLAKIREEE ARy
WAL ZARERIFEID]. | M BRI, 2011: 18-19.]

Fan Q, He S P. The pattern of upper and middle Yangtze
drainages shapes the genetic structure and diversity of
Hemiculter leucisculus revealed by mitochondrial DNA lo-
cus[J]. Acta Hydrobiologica Sinica, 2014, 38(4): 627-635.
()R, 7R, KL R % 2 R s B 451
SIHTI]. KA R, 2014, 38(4): 627-635.]

Freeland J R. Molecular Ecology[M]. Chichester: John
Wiley & Sons, 2005: 112-116.

Wang S, Cao X X, Taniguchi N, et al, PCR-RFLP analysis
on mtDNA D-loop region of four populations of silver carp
(Hypophthalmichthys molitrix)[J].
2010, 40(4): 3-9. [Eith, BIEEE, SO0, 4. 4 MRHA
#i# mtDNA D-loop ) PCR-RFLP 43#7[J]. ¥k #al, 2010,
40(4): 3-9.]

Guo W J. Studies on population genetic structure and com-

Freshwater Fisheries,

parative genome mapping in silver carp[D]. Beijing: Univer-
sity of Chinese Academy of Sciences, 2013: 63-66. [Fhfa 7.
BRI gt A 45 0 T LU BE B R A AE BT SE [D). kot T E
Bl2EBER2E, 2013: 63-66.]

Liu HY, Chen X H, Xiong F. Population genetic structure of
Peltebagrus fulvidraco in the lakes of middle and lower
reaches of the Yangtze River and in Fuxian Lake of Yun-
nan[J]. Journal of Central China Normal University (Natural
Science Edition), 2016, 50(2): 269-275. [XI4T#a, HEHE,
AE K. KT R UM R = B DAL ) 2 B B R A (5 2
IR, el R =2k (A SRR R, 2016, 50(2):
269-275.]

Chen H J, Liu M D, Wang D Q, et al. Analysis of the genetic
diversity for 4 Hypophthalmichthys molitrix populations
from middle and upper Yangtze River[J]. Freshwater Fisher-
ies, 2018, 48(1): 21-25. [BE4&A, X4 M, EEE, % K
L B 4 A EEREASE 2R T [0]. oKL,
2018, 48(1): 21-25.]



792 Hh K R £ 25 %

Genetic diversity of six silver carp (Hypophthalmichthys molitrix) geo-
graphical populations based on mitochondrial COl sequences

SHA Hang', LUO Xiangzhong', LI Zhong', ZOU Guiwei', LIANG Hongwei"

1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. Key Laboratory of Aquatic Genomics, Ministry of Agriculture and Rural Affairs, Wuhan 430223, China

Abstract: The silver carp (Hypophthalmichthys molitrix), one of the four major Chinese carps, is widely distrib-
uted in the Yangtze, Pearl, and Heilongjiang River Basins of China. The wild silver carp populations in the Yang-
tze River, with an excellent production performance, is an important germplasm resource for artificial farming and
breeding. Because of overfishing, habitat fragmentation, and water pollution, the natural carp populations have
been continuously declining in recent years. The basic genetic background analysis of the silver carp would be
theoretically and practically important for the conservation of germplasm resources and genetic improvement. In
this study, mitochondrial cytochrome C oxidase subunit I gene (COI) was sequenced to determine the genetic di-
versity and variation of six geographical silver carp populations: Yibin, Zhongxian, Wanzhou, Shishou, Jianli, and
Xiangjiang. The amplified fragment was 648 bp in length, and a total of 26 haplotypes were defined among 123
sequences of COI from the six silver carp populations. The haplotype and nucleotide diversity index of the six
populations ranged from 0.0476 to 0.0945, and from 0.00196 to 0.00982, respectively. The six groups exhibited a
high genetic diversity, of which the Wanzhou population showed the highest haplotype and nucleotide diversities;
the lowest haplotype and nucleotide diversities were observed in the Zhongxian and Shishou populations, respec-
tively. The molecular variance (AMOVA) analysis showed that the variation within populations (accounting for
88.72%) was the main source of variation, and only 11.28% of the variation was found among the groups. The
haplotype network was radial, centering on the main haplotype. The neighbor-joining phylogenetic tree of haplo-
types based on genetic distances were inconsistent with their geographical distances. According to the differentia-
tion index (F'st) between populations of H. molitrix, there were high differences between the Yinbin, Wanzhou, and
3 populations from the middle reach (P < 0.05); meanwhile, the Jianli population showed a significant differentia-
tion from the Shishou and Xiangjiang populations (P < 0.01). The results revealed that the upper- and mid-
dle-reach populations should have originated from different populations in the Yangtze River. This study could
provide useful basic data for the scientific protection, and reasonable and sustainable utilization of this germplasm
resource in the Yangtze River Basin.
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