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IRV B A R m st Z0e0E JF 28 T
KAVLADRE ™ 5 A AE W5 . teoh, BT X 6%
(B AR ) FhEE A 8t AZ S AT A T R . ™52 38
SESR F AFLP H AR5 & 06 - 2 1 A 5 [
A B JE BE R 8] A7 76 B 3% o Ak 5 78 L1 A AN
FARRINGTON %52V T2 R R 2 51 i iF o v, 1
2z WL AL S FORRE A B LB A D, A A R 3
ASFNAA o MBS, 28 R SO 2B 5T K I
R VT AR HCBR VT A 52 B0 5 08t 1% 2 AR 1 A
B AR R U . BRI, IR YA AR L AR
FIFARRINGTON %52V I F R [6] 43 Fbric i A58
HR SR VLR X 2 B R R B v st A
ZREME . XBERF SR A T R 25 5 TR S
FRAERARPEAR BN 2ZRA L. LT 20
H SR A, 75 B K AR T 2 RE AR T SR A 35
FBFSE A Bl T X6 LA T ¢ 5 %) 5 BRTA
SRR P 5 ELAT 25 K i PR EE AR ATR A
R PRAFE R A R R R AT T
Fric=2 . Hor, D-loop J7 41 ik gt i 71, B
T A SRR TR )2 T 2R AR A 2
PEFFPEEGE R SEIFSE 20, A8 DA X 0 A AR a5t
FERIFFE T GORLAAR 3 ) e e Tl U100 A B G )
FARME DL SE 8 S W el e 3 i A8 S B A
ST XA AR B B 58 T, L1284 4 i
Hb AT T BRVL I O B IAR 1a5t 1% Z AR RIS L
(BH BT VTR 7R o 1A, LLAE 2 i Al
AT W AEAE TR 5 PR AS D i A i, 3L
FRERTTAVIECUA 15 o % TR I T R I i)
[ A X A28, i 22 A 0 A RN AR A Jmy B

A7 WO BRI B ZREA BB SR i A% 73 A , LR ST
T FE G A T TR A i AL AR PEBUIR . H AT, A3t
BOHE O A 9 R TR ORE R IE SR FR AR Y D-
loop FFAIME B o ABFFENIE TRILH T F6 4 5
AR, 3850 52 D-loop J3 41 I FF R 3 A% 43 #T
(B 2 I iR RS ESE SV DA R L
BRRAAA e =%

1 MRS TE

1.1 SEedrsl

R A5 0 ] S 9 SR P 7 1) o3 A Sl 4 £
FEG O, ARWF T T VLR T U8 1Y) 4 A J5Fh
FEAA s 25 BRIV F W /R S i ) S 2R 1, B
BHE R, ARSI R E T 1AM
(R 1D Hrph, kA A E(SS, 48 ) M &
(RC, 48 J& ) (1 SR R R A4 38 Sy i A F VT VT B ) BB
A A0 A AR S B I KV (CS, 32 ) Y i A
TR 2 DA 22 1890 ) B 4 0 T A 3 4% 7 TR ok
AN (YZ,43 ) B IR R AR Hh 22 O FH YT BE 1)
B A RS B A A 4 A R
YINE R R G R, 5k K s (Z)G,48 FB)IL
B B At 45 A AR L R AR R VDR A (YR, 219
B,

ST v B EEE AR A ARAT TR K S
KA & [ DP324, AR ALRHE (650 A FRA
A, o E R BRI 41 DNA 38 55 1% B i B EE I
FHL VKRG I L 58 #8428 NanoDrop Lite 436G 1
(FEBRC, 2 D) KDV BE o HF DNA e 7 2
20 ng/pL, T-20 CIRA7F5

R1 WEACERENELRER

Tab.1 Basic information of stocks in bighead carp

B Stock it Count/ 2 K 4E H Sampling location FEAS @1 Sample category
FARERS 48 B RN AL RSN PN S b HPA: G40 55 B 1 R SR A
Kb s 32 W 02 g PR 4y 0 55 Y SRR R A
i B RC 48 YLV H B A TT IR F A0 PR 4y 0 15 Y SRR R A
WM Yz 43 TLIR) B UK R A0 5 R PR 4y 0 55 1 SRR R AR
KR ZIG 48 IR | &7 AN HEAMT AR A A
ERIT.PR 213 JUTL AR VLAV A BR VLK R TF AR A PR
LI NA 33 VGV LU A TFHM AR A A

1.2 PCR# &M F

H i 5 26 k7t 42 )7 51 (NC_010194.1) & if
¥ D-loop X MY 1 519, IF th A T A T2
(B A BRA G . BT F5 55
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5124 BHDLF : 5'-AGCATCGGTCTTGTAATCC-3';
BHDLR: 5'-GGTAAGAGCGGATAATAAGGTC-3/,
Hi R B EE 1164 bp.

PCR #" 3 /& & & 25 pL, 1 & 2xTaq
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MasterMix (FE M4, o E) 12.5 pL, b FFES]
¥1(10 pwmol/L) 4% 1 wL, J&H 41 DNA (20 ng/pL) 2
wL, THK Ao PCRYIEFR T A - 94 CHUAEE
3 min; 94 ‘CZE M 60 s, 55 CiB K 60 s, 72 °C 4T fii
60 s,35 M3 ;72 "CHESH 5 min, 4 ‘CIRAF. PCR
I 7 W) 28 2% S5 N W B IS FRL VR I 5 A% L R
T A= I RHECA BR 23 W dE i ABI3730XL il
FPASGHEAT R Y
1.3 HELEBSSF

MNCBI T 2 & BB ER T AR (PR, 213 )"
FIALLFRHE (NA, 33 ) YRR 751 (R 1) .
il il BioEdit 7.0 i fF7 £ 47 J 4] B2 1 [] U5 1L
XF, BRI Z 4R P51, 4845 58 5 D-loop [X 751
(938 bp) . R JH DnaSP 5.0 54838 £ 25 M7
FU(S) EAAE BUECER (h) BRAS Y 2251 (H) FI
HWIRZ A (7)) , JF & Tajima’s Fll Fu's HPERG B,
e AT BRI A . B Arlequin 3.5 4K
P25 R 4 F 7 220 B (AMOVA) st & 4y {38
B (F-statistics, Fo) R R (N, B3R . FIH
MEGA X 820 3 53 8 A& [A] Kimura X2 40
(Kimura 2 parameter, K2P) 15t 1% /555 (D,) , I ¥&
I 22 1l 48 4% %5 (Neighbor-Joining, NJ) % 2 #
i FH PopArt %K 1 (http : //popart. otago. ac.nz ) F& F*
445 422 15 (Median-joining , MJ) 44 £t B4 74 [
e

2 4k

2.1 #ED-loop FHIFNEFEER

TERITAPEE(YR) 219 A #Y D-loop 41
RGN 1) B — 72 S 57 o5 ] 24045 S8 AT st 5 Sk 7 A4
28 A, B 37T G AL, FEBRVEANEE (PR)
213 BHE Y D-loop J7 51 vk ] £1) BA— A% 557 55 1
T8 2945 S8 A8 551 a5 53500 R 57 A F 394>, e 62
AR AEJLEFHEE(NA) 33 8 D-loop 7
B RS T 2] 5 2445 BE A 11 A4S, BE 34 BfE
v

i3 D-loop /7 41 B4 T AR REAA TP 19 A1 an 3 2
F7R o FERVTH R e S AR, s A AL Ay
F 64N (SS)FN 9N (CSFIYZ) , Fi A BAE RIA T2
A~ (CS) 2 10 4~ (SS) o H i, Hap05., Hapl4 Fil
Hap15 4 5 A BEAR FT L5 BAMA S i 219 34
R AE Y A oh AR 48.86% . 4 YR
[ 37 A~ B4 U (HapO1—Hap37) #£ 52 NCBI, I 5%

SR U OR142279~0R142315, PR [ 62 4~ 51
R AT 14 A Hf5 B 5 YR L2248 /S BT Al
(Hap38 ~ Hap85) A FAAE AL, FHAR ORI Ji ST
Mkl HO2, HOS, H10, H14, H15, H17, H20 ~
H29 . H31,H33,H37 ~ H39., H41 ~ H49 Fll H52 ~
H69 (1) D-loop J7+51 . NA [ 3~ 5 RIS 5 YR 3
= 2 A5 PRILE,

2.2 SEEHIEMG SHEMMBEASEN

B AR 3L T D—loop J7° 811 (1435 15 22 FEME 48 X
MR 3 PR . ERITH N UE S SRR T, &8
PRAR S A S B (S) A F 14> (CS) 1 21 4> (SS Al
YZ) , G AVECE (R) A T 114 (CS M ZIG) B 16
AN (SS) , A% R Z KM (H) A T 0.798 (RC)
0.897(SS) , #% H R Z # % () /- T 0.003 38(RC)
#10.006 53(SS) ., 7EXF YR PR FlI NA fif Fb 4
PRI S h H, Flar B8 555 , 11 NA /9 S oh T H
fik.

B FFEVAR L T D-loop J 51128 S 1 40 F 7 25 4%
Mrat RN 2% 4 7 | 26 BEGORD e (] 35 52 B 2
Fitfe e (P<0.01) . TERTTH R IE S A6
frb A ) a5t A 8 SRR 719 6.184% 5 1E
YR PR I NA FpEE b Foe (] 5t 1% A8 5 o5 B AR
i 3.664% .,

SRR A ) P 352 A% 0 AR AR B (Fg) JEPRIIRE (V)
M K2P AL B (D) WnZR 5 fits . AR I H R iiF
SABERER T, CS 5 YZ RC 5 ZIG & /bR i
F(P>0.05) , H A fEAR R 24 47 4F 2.3 (P<0.05) B
etk 2 (P<0.01) 135 4% 734k s BEARTR] B AL 3t (V)
AF3.500 (SS5 RC) %) 39.993(RC 5 ZJG) ; FEIA
] K2P it (& 25 (D, )/ F 0.003 80(RC 5 ZJG) £
0.006 33(SS 5 CS) ; W 1 iz, SS 5 HA AL/ ]
B E LRI LR, F YR, PR AINA Fp a2
AR 2 AL 434k (P<0.01) , Fh R 18] 2 R 9
(N )T 3.453(YR 5 NA)F 30.775(YR 5 PR) ;
il B 18] K2P 38 A% 15 85 (D) A F 0.005 93 (YR 5
PR)%]0.006 61(PR 5 NA).,

2.3 SEEHEA L EhZASF D-loop B {EE 48

HFERER A rP RS 3045 SRR 6 s . KL
HRE S AN BEAR T R IR R 2 (P>0.05) . 1E
3P PR Y Tajima’s DE A Fu’ F A M7
{8, I 5 25 0 5 b PP (P<0.01) s YR FIT PR
A 2 8 C 43 A 11 43 ) 2t 0 0L (4] 2a0) Al
BAUGE (1] 2 ) FRRRAE
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Tab. 2 Distribution of D-loop haplotypes in stocks of bighead carp

AN I AR A A AT
Stock Shared haplotype Specific haplotype
HESs Hap01(6), Hap02(3), Hap05(4), Hap11(1), Hap03(11), Hap04(1), Hap06(3), Hap07(1), Hap08(1),
Hap14(8), Hap15(4) Hap09(1), Hap10(1), Hap12(1), Hap13(1), Hap16(1)
Hap01(1), Hap02(2), Hap05(5), Hap14(8),
Kb e Hap15(3), Hap18(1), Hap19(2), Hap20(1), Hap17(4), Hap21(4)
Hap22(1)
B ERC Hap01(2), Hap05(7), Hap11(2), Hap14(4), Hap23(1), Hap24(3), Hap27(1), Hap28(1), Hap29(1),
= Hap15(20), Hap25(1), Hap26(4) Hap30(1)
Hap05(1), Hap14(3), Hap15(8), Hap18(1),
MYz Hap19(10), Hap20(10), Hap22(1), Hap25(1), Hap31(4), Hap33(1), Hap34(1)
Hap32(2)
e 1 HapO01(1), Hap05(11), Hap14(6), Hap15(15), ) ) )
A 2IC Hap19(3), Hap20(2), Hap26(1), Hap32(1) Hap35(4), Hap36(3). Hap37(1)
Hap01(10), Hap02(5), Hap05(28), Hap06(3), Hap03(11), Hap04(1), Hap07-Hap10(x1)*, Hap12(1),
KITYR Hap11(3), Hap14(29), Hap15(50), Hap17(4), Hap13(1), Hap16(1), Hap18(2), Hap21(4), Hap22(2),
Hap19(15), Hap20(13), Hap24(3), Hap25(2), Hap23(1), Hap27(1), Hap29(1), Hap30(1), Hap31(4),
Hap26(5), Hap28(1), Hap36(3) Hap32(3), Hap33(1), Hap34(1), Hap35(4), Hap37(1)
Hap01(19), Hap02(20), Hap05(4), Hap06(1), Hap38(2), Hap39-Hap42(<1)*, Hapd3(2),
o Hap11(3), Hap14(24), Hap15(34), Hap17(9), " "
BRVLPR Hap44-Hap49(x1)*, Hap50(2), Hap51-Hap54(x1)*,
Hap19(1), Hap20(12), Hap25(18), Hap26(2), Hap55(3). HapS6-Hap85(x1)*
Hap28(2), Hap36(2) apoot3), HapobTHiap

JbZENA Hap14(13), Hap17(13), Hap24(7) -

T # R A SAR RN AT TR

Notes: # means one sample occupied by each marked haplotype.

R3 WEEET D-loop F I MR E SHMIEH

Tab.3 Genetic diversity parameters for D-loop sequences from bighead carp stocks

I FEA R Ar S AR AT IR PRI Z R AR Z A1
Stock Sample No. of variable sites, S No. of haplotypes, h Haplotype diversity, H Nucleotide diversity, 7
AESS 48 21 16 0.897 0.006 53
ISUA0 32 14 11 0.889 0.005 45
% 5 RC 48 20 13 0.798 0.003 38
M YZ 43 21 12 0.858 0.005 13
REHE Z)G 48 20 11 0.833 0.004 09
KITYR 219 35 37 0.901 0.005 13
ERIT PR 213 96 62 0.932 0.006 29
L NA 33 11 3 0.665 0.005 62

x4 FEEET D-loop FIMSFAES T (AMOVA)ER

Tab.4 Analysis of molecular variance (AMOVA) results based on D—-loop sequences from bighead carp stocks

A Sk H Rl Jr A5y [Epi [iH 7 54X
Source of variation df  Sum of squares Variance components  Percentage of variation/%  Fixation index, Fy,

BT AR R iR S MEEA Five stocks of bighead carp from the middle and lower reaches of the Yangtze River
FEARIE] Among stocks 4 35.237 0.150 6.184 0.062+*
FEA Within stocks 214 486.818 2.275 93.816
JEF Total 218 522.055 2.425
BT ERYC AL € Bighead carp populations of YR, PR and NA
FEMATE] Among populations 2 31.701 0.101 3.664 0.0377%
FEA N Within populations 462 1224.194 2.650 96.336
JEF Total 464 1255.895 2.751

R R IR B B E K (P<0.01),

Notes: ** means extreme significant (P<0.01).
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RS WREEBRESUER(F,) ERRE(N,) FK2PEEHERS(D,)
Tab.5 Genetic fixation indexes (F,), gene flow (N, ) and K2P genetic distance (D,) among stocks of bighead carp

RSEITIN it LI B K2P gt & 1 B
Pairwise stocks Genetic fixation index, Fy, Gene flow, N, K2P genetic distance, D,
A SS Kbcs 0.045% 10.573 0.006 33
HHESS Fii & RC 0.125% 3.509 0.005 70
HHESS M YZ 0.038% 12.695 0.006 11
HHSS KK ZIG 0.088* 5.206 0.005 86
Kb cs i E RC 0.109%* 4.102 0.004 95
Kb cs BN YZ 0.018 27.224 0.005 42
ISUA KRUEZIG 0.057* 8.212 0.005 08
% & RC WM YZ 0.069% 6.770 0.004 59
%t RC KRUEZIG 0.012 39.993 0.003 80
BN YZ KRUHEZIG 0.031% 15.498 0.004 79
KITYR ERIT PR 0.016%* 30.775 0.005 93
KITYR JL3ENA 0.126%% 3.453 0.006 30
TRIT PR JEENA 0.073% 6.357 0.006 61
TE Rl ) 3R 22 5 8.3 (P<0.05) Fl 25 534 18 3% (P<0.01) .
Notes: * and ** mean significant (P<0.05) and extreme significant (P<0.01), respectively.
HiE RC
| KR 2]
i Yz
K cs
HE SS

0.000 5

1 SETTR TORE S A BEAR B N B R 20
Fig. 1 NJ phylogenetic tree of five bighead carp stocks from the middle and lower reaches of the Yangtze River

x6 WEREENPERIEER
Tab. 6 Neutrality test statistics for

bighead carp stocks

IR Stock Tajima's D Fu's F.
AH SS 0.930 -0.032
Kbcs 1.531 0.960
i & RC -0.961 -0.582
M YZ -0.041 0.757
KRHEZIG -0.488 1.567
KILYR -0.525 —11.601%*
ERIT PR ~1.967%%* -24.906**
JEENA 2.977 10.387

T R ik B W E KT (P<0.01)
Notes: ** means extreme significant (P<0.01).

I3 2 6 5 A FEAR (R AP R Ui ) # 3 Al
#E (YR PR I NA) # D-loop 545 1Y W) 45 5] ([5] 3
FOPE 4) , P 5 B AR UL ) 22 B2 (03 30) 73
ATRRAE o VL R 5 NS AR AE o B A
(FHIRIEHE) L sl A7 (e IL =2, BB T Y AR A

AN (E3) o £E3DFHER, PRATYR 7E 05
R ORI 26 M%) bl A7 AE 3L =2, A 2 A [l A7
TN PRFTREA , PR 224> SR B SRS AR 1 L A2
WA (F4)

3 ihie

3.1 SERHRIRE S EMMEEEY

X H AR VL g ik 2 5 2R N s AR AR
G3HT AR T R U 5 B R A R 2
FEM: (H, M 0.798~0.897) 5 fi (H. molitrix ) ' Fll
H 11 (Mylopharyngodon piceus ) B A= BER ML
% T 8% ( Parabramis pekinensis) B E T
7% FH Ff RS F B ( Crenopharyngodon idella )
SOl AR 5 A BER 9 A H R 2 AR KO (o
4 0.003 38~0.006 53) 5 i ** FHIL , Ik T8 Al
A T EAAR, A BT R YR
F PRV 35t 4% Z2 AR PR R T NAPY S D S s )
T FIVRE AR [0 52 30 1) 35 44 22 1 22 S T B 5 L%
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(LN

s

AL
&

i 33 %

T AR R SRR A 5, a0 8 (Cyprinus
carpio ) B A= BE K RN 5 851655 ( Coilia brachygnathus)
TR0 35 15 Z R A3 ) e T R R AR
MBS  ER5 R 1 N B SRR B DR 4
R 1B s A R, m] Sy LB IR AR AP I S
AR L A o L il

SRV R i 5 S REAR ] 8 38 L A oK F
(Fu=0.062, P <0.01) = 77 2 1 FEAAR 8] 14
o3 Ak K OF- Ik T > R # B fG (Pelteobagrus
fulvidraco) ™ FER 8] (1 53 ALK OF 5 3 26382 % 434k
KB 22 5, AT RES W IR TR AR (AR TR 45 A

0.18 )
016 MM Observed
: M N - - - #8 Expected
0.14

0.12 1
0.10 f
0.08 r
0.06
0.04
0.02 1

Pk
Frequency

B ZE R

Pairwise difference

(a) KJIT Yangtze River

Koo AL BRI HERR J) S M HEAH R ]
F14) S5 R A 11 A ARG 35 4% 43 AR K4 5 i e 2
B g 0 PR TR F O S R AR (8] 1 35 45 43
bR . ARWFSE R VLS R (8] A7 AN R 72
B 0 3845 3 Ak (F oy o 0.012~0.125) FIEE P I (I,
4 3.509~39.993) , AT fiig 15 5 114 L > 1 S L B
Y i A 6 . KIS R VLB i e fA, mf
il R LA [] K 4R 7 B9 3 43 A1 i EL AT AR X ik 37 7
T B 5 (0L PR EL A A 0 O A U B 4
AN, N T G R AR [ 1 B PR A e, B

1, SS 5 RC W]t A% 7 AL TR JE A i (K =0.125, P<

0.18 ¢
0.16 |
0.14}
0.12
oy
g £ 0.10f
=
Rgoosl
-
[
0.06 |
0.04}

0.02 ,

MM Observed
- - —. #I8 Expected

0 = -
1357 9111315171921232527293133353739
JRIT T

Pairwise difference
(b) BRIL Pearl River

B2 TR HEH D-loop FIIZEH BB S HE
Fig. 2 Mismatch distribution plots of D—loop sequences of bighead carp from the Yangtze River and the Pearl River
Hap36 Hapl4
Hap31 Hap35 Hap04
Hap28 . A
Hapll ‘
Hap10
Hap05 Hap20
Haplb & Hap02 Hap27
Hap22 ' Hap09
- = Hapl6
9
Hap18 Hap08 Hap06
Hap2
Hap26  HapZ5
Hapl2 O Hap33
Hap03 Hap07 1‘ Hap0L 01 Om
‘ o % SS
Hap24 o Ky CS
@ Hap23 Hapl9 ® }ﬁﬁé RC
Hap32 Hapl?7 Hap29 o #M YZ
o o 508 2J6

Hap30 Hap21
3

HEACTT T 5 4> BE R B9 D-loop = 51 B2 (5 B [ 2% [

Fig.3 D-loop haplotypes network of five bighead carp stocks from the middle and lower reaches of the Yangtze River
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Hap73 Hap60

Hapb7
Hap61
e Hap25 p
Hapl Hap83 Hap08 Hap17 Ha71
q | Hap33 (ué o Hap50
o Hap44

Hapto (3 Hap32 (3
o (OHap21
Hap29 ‘ ap Hap03

Hap39
Hap68 o . A Hap23 Hap30 o
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Population genetic analyses in bighead carp (Hypophthalmichthys nobilis)
from the middle and lower reaches of the Yangtze River based on D-loop
sequences

FU Jianjun, ZHU Wenbin, LUO Mingkun, WANG Lanmei, DONG Zaijie

(Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center of Chinese Academy of Fishery Sciences, Wuxi 214081, Jiangsu , China)

Abstract: Bighead carp (Hypophthalmichthys nobilis) is a common freshwater fish species in China. In order
to reveal the genetic status of H. nobilis in the middle and lower reaches of the Yangtze River (YR), 219
individuals were collected from five locations respectively in Shishou (SS) , Changsha (CS) , Ruichang
(RC) , Yangzhou (YZ) and Zhangjiagang (ZJG). The D-loop sequences were tested and analyzed in
comparison with those of H. nobilis from the Pearl River (PR, 213 individuals) and Northern America (NA,
33 individuals) downloaded from the NCBI. As a result, 35, 96, and 11 variable sites were observed and
37, 62, and 3 haplotypes were defined in YR, PR, and NA, respectively. Among the YR H. nobilis, high
haplotype diversity (H,, 0.798-0.897) and moderate nucleotide diversity (7, 0. 003 38—0. 006 53) were
detected, except the pairwise pairs of RC vs. ZJG (Fi, =0.012, P>0.05) and CSws. YZ (Fy, = 0.018, P>
0.05), significant genetic differentiations (Fy; ranged from 0. 031 to 0. 125, P<0. 05) were found among all
the other pairwise stock pairs, and gene flows (N, ranged from 3. 509 to 39.993) were generally detected
within the five stocks. According to the haplotype network analysis, the D-loop haplotypes contained multiple
clades which were obviously shared among different stocks in YR. Meanwhile, the central haplotypes of YR
and PR populations were generally mutual-shared, whereas the haplotypes specific to PR were peripherally
distributed. The haplotypes sharing situation further evidenced the possible multiple introductions of NA.
Based on the neutrality test, it was predicted that only PR went through population expansion in history.
Overall, the study revealed an abundance of genetic variations in H. nobilis of YR and PR, laying a solid
foundation for the further protection and utilization of the relevant genetic resources.

Key words: Hypophthalmichthys nobilis; mitochondrial DNA; D-loop sequence; population diversity;

genetic differentiation
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