465 FTH
2022 4 7 A

KE A& Y R
ACTA HYDROBIOLOGICA SINICA

Vol.46, No.7
Jul., 2022

doi: 10.7541/2022.2021.0163

NIRBEAXFEHEREEEHMR ARG L ERR

1

1’
%1

H %
{Es

g 1L2
& M7 OREF

yﬂ,

= ' 2xw' owm o Ew

%4 H’

(1. SRRl 2B, R L Hb S et fL & Fh 5 B HH SR8 A SLI0 =, STMNA st & Fh 5 B 5 S Seie =, 5fH
550025; 2. 514 B B M AV RLA I 7T B & BOK P2 B, #5872 558000; 3. 518 WL E ARV AR K E, ML 557400; 4. #IEG & K=
FLEEWRFCHT, K90 410153; 5. S0 HA 5 5B RO R A R, 4 5F 556700)

FEE: RIS N AL S QBT (AR YL . BV AN B DL A 18 =V, 8l e P 368 3 AN 35 N 45 b 7% 8 Cyprinus
carpio Linnaeus[f 8 1% 458 X KRG K R, W5 T mtDNA Cyt b3 K7 H AN 6N B FEARBEAT 172017
447 )2 T M A 3L 55E tH29Fh Cyt bR P 41| B 2, 455 NCBIH 8 [R5 7 41 (1) &R 40 K 8 AT 41 EL X 73 dr
B, AT R &0 30T v 1] b X e 80 — AN ST BRI 2 K3 2Ry 3AN B Fp R 22 A B 58 L 48 1 70 R VR & B AR, 244
KSR EFIREC. carpio rubrofuscus, [FIF BB BKINEEC. carpio carpioFIiE A 88C. carpio haematopterus, 78 5% [H
P AR FRGE R AR BT . 8% 2RI AT B, BN SR A A OIS H K, 3804 2 REPE T =, a2 R A
HE T B2 AN AR 2 H (KR i M R 6 H R AR BR 49 b N IR H K74, HRE N H MK, ML)
Hytwm, 2 nt & . 8L 04 77 Z2(AMOVA) 7 Bt 7, i 2R [R] RIS R) A7 75 32 38 1 8H4% 7 4L
(P<0.001), i i F1 =T 55 FARRE A A7 AR h 45 - 3 LI A A 20, JEAR TR AR ) 73 A B 55, AR (] 28 5 STR %

16.69%, AN N81.14%.

ZRE o TR, AT e AT 3 b X P S A2 ) 7776 A PR R A% 5200, A4 P TR

WA AR AL G5 . BETCE S 1230 RS BSR4 15 SR PORL, T iR R 5 S {1 A [X e FH A P A o

BIREE 5 IR SR BRI

KRR Cyt pEER; BESH; REGIKE KRR, MLERITHX, T H 6

FESES: Q1451 CHRFRINAD: A

i ( Cyprinus carpio Linnaeus)&—F & JLT
SRR SCAR SRR S R 3, FE A ER100 24N [ K
HEATIRIE, 775 JE T S 2 DY A AT v [ TR B A 2K )
e SRR RERERREH S
W, Kirpichnikov' 3£ T-JE 25 25 F 32 AN B IR BEC. .
carpio~ WHEC. c. aralensis. EHREELC. c. haema-
topterus MR F AR C. c. viridiviolaceusVY > IEF,
117 41 7 0 2% S e I 8 A s AR R, &
FIC. c. carpio—ANTEF &S 7575 008 fr) 5 Rk 7]
FEZ R, Steffens” A E T RER E 1[H . Ba-
Ton'™ 38 T T 2 A A= B AE B DA T I L1 25 37 6
2/ BF A S, AR S TR A R A %

Y is B HA: 2021-07-29; 1517 HEA: 2022-03-14

XEHS: 1000-3207(2022)07-0939-12 s

fes
AETA ;

P2 AR ) T A e 2R AR A e 3 AN I b, R
g 3 [ 52 £ B Y5 A O TR A 43 11 32 K
I, 53 1AL I 5T SRR A e R 3t AR B B 1Y
AR TR RS A A
£ BAMNERIEFEIGE1EH, Moa ke
VP2 AR 2 REA R SRR
BT IRFRTE L BIAL A R T S, e T
8.C. c. congjiangensis'”. Wi R THi 4k
#EC. c. var. jinbian' ", WYL AR AR R 28 A
S5 7 PERS H B 8 52 NATTRTE, e g fg A
ARG RIEEEEER

MNVLEL 3R J& 53 0 48 35 25 B i T A e E VR M, b

EEWA: HEKARFHEEB1660741); #1F 8 K77 P HAR M 2 A4 PR K™ T 5 613H7 5 B0 b A2 % 200 H (2021); St/ & BT
T H [(2020)4Y027] %t Bl [Supported by the National Natural Science Foundation of China (31660741); the Fund for Innovation
and Reproduction of Aquatic Species, the Aquatic Industry Technology System Project of Hunan Province, China (2021); the
Science and Technology Project of Guizhou Province, China (2020)4Y027]

TEZ BN REH1996— ), T3, Wi+ 7045 BIF 7877 7]y i S5 it U % 8 5 9P . E-mail: 552492103@qq.com

BI51EE: 271, E-mail: gzuam@163.com


http://doi.org/10.7541/2022.2021.0163

940 K& A& Y ¥ 46 %

REFRINE b R, A SR, B T PR KR
ST A L, R AL SRR BRI R A
5 ELLEAR, IR E B MR L R R L
X, /4 R XU e, % b | 55 O b1,
AL SN0 R A G 0 B A, T o B0 5 14 i £
7T N = (WH =R S N N IR AL N 5]
SIS RIS 3 R S 5, FERG HR KRR 5 163,
SR i ml B £, S BARE R AE A BT AR <R
Teta>, BAVF 2 M SE B IE S5 [ 5 [ 57 19 B A
(B R o ASHO I R R R T — ARG £ S A
K R A A AR AR SR, 201 14E WTTAR £ e fi
Y53 4 22 G0 BRI 4 [+ 4 Bk 2 Bk b SO AR P 47
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SIHMIMTHESPCRAVI 1S Cyt b 4511
JF5IHL14724: 5'-GACTTGAAAAACCACCGTTG-
3, H15915: 5'-CTCCGATCTCCGGATTACAAGAC-
3 AR A TR () R A PR A BB R

PCR M A& % 25 uL: #AKDNA 2.5 L,
2xTaq PCR Master Mix 12.5 pL, . T#E51405 5
H1.25 uL, PR AARFH R ZE KK RBFEFT
94°C Fi 4% £3min, 94 CAEP£40s, 52.5CiE Kk 40s,
72°CIEMI50s, HE IS, fieJm FF72°C A& A
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AR [F) 7 B K s . 38 I Mega6. 06 B 10 56 S [dl /77
HTa] B2 4 R AT Gt 25 T K2-PRERITF S A
] F) 3 % B B O VAN 10 A% 25 5, IR BENCBISE [R] B2
[ AN Cyt b3E DR 215 AR 7 A Y 7 4,
BT K2-PAR R AN [ 5% 7 ] BN (Neighbor-
Joining) FIMP(Maximum parsimony) & i #E 4L H, [
I} 32 FIMrBayes 3.2.7° k4 2 JUIH- 1 % Zi ¥ (Bayesian
inference, BI), ¥ i2 & 1% E 100000001X, &k
1000/ AT FEA i AE, 12 545 1L J5 F TreeGraph
2.15.0% 24 A% R BB . FIFINetworks. 0%,
PLHR A 4142 X 25 55 (MJ, Median-joining networks),
2 IR LA R R e ol A 22 X 4% 1], e R 2R 2 )
MIfT A fHEL S R . FIDnaSP 5.10% it 5 8 fs
B (Number of haplotypes, H). £ 2 ¥4
(Haplotype diversity, Hy)« %1 B £ ¥ 1% (Nucleo-
tide diversity, 7). 2207 5% H (Number of poly-
morphic sites, S)F1-F3J1% H 8 % 7 (Mean number of
pairwise differences, K)%5 Z FEH 1 F M S 4. 2 H
Arlequin3. 5% AFHE 4748 5 ) BT (Analysis of Mo-
lecular Variance, AMOVA), &Il 1545 4% 55 >Rk, I
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2.1 FEHEECyt bPEEMHELKFEEE S
4475 K FE 1141 bpHICyt bFE R [FJE 7 41, 3
I HH 544N AT 5, TE B3 ()4 A B, A 54
L A4/ B e, B 380 5 A LE 9 11,23, 4 32 B2
RAEEWMIEGEAZ I, (584 7 148.1%, =T
THCH L M42.6%. THETU). C. A GHIF
BB Z26.3% 29.9% 29.9%. 14.0%,
A+THIFY & B N56.2% KT C+G P& E
43.9%. FEFE 7295 A (MW683933—MW
683961), HLA5 AL 73 A W3 2, e oA il s fs Y
184, L= 114, MITBEA A i £ 1 s fi A
(19)Fp =2 B A5 70(8), 5 FA 1 S8 AR 114>
L5 Hapl. hap3-hap5Fihap8 & H AL # H £ 8,
VLRI A2, T =YL H 1A, B
an~, wBE2AS, WA 31 . Hap3. hap5. hap8.
hap11. hapl5fThap167E64N g H S FE A ]| 32 7

1, 296 A, (5B FEA%L1166.22%.
22 TEHEMARSAEXRANRBERMEMEE

VU Carassius auratus auratus® = 8LC. mul-
titaeniata NN, 29Fh BLA% R 5 KR 6 (139 2% Cyt
IR FHRIENT. MPRIBIR G & B W, TR R}
FHAR—F, HFMPRGH W 2.

684 Cyt hEEIK 741 (1124 bp) LA100% B A5 i
RAE—H, MRg KI5 92 K3 & (Clades). Clade AH
A B A T FNRR P B (1) 426 7 51 LL98 % B 15 i R 2K,
N 4324 37 subclades(al fla2), hap22 & H AT 4 1)
3G B A pta2, AT SR JE KRR A . Clade
B H % 42 1172 54> B A% 2RI 9 1 35 4% £ /3 1) LA
64% B A7 B B, F T TS, Hrfbl, b3,
b4 MIbS S H B 174 AR B, EATT 43 ) 5 BV B
i JUYLHEFER. HAIVTEFER, 2oy s i, |
RN Big-belly carp. i BRI ROR AL i 55 5
K, R LB A b2, bOANILTIE S H18/> .
50 5 H AR IR . Ky EF R M E 46 C.

c. var. xingguoensis~ LI HLC. c. var. wuyuanen-

®1 #FRREER

Tab. 1 Sample collection information

MR REH . 3R ik I Rt
Population and Number of S K% i K#‘ﬁ‘. Number of samples Range of body Range of body
population code samples ampling date Sample site at eacsltlai?éﬁp ling length (cm) weight (g)
MILCI 203 2019.12 ok 2 hnZEAt 8 10.51—16.80 31.42—157.94
2019.12 SR LA BRAS FOER B 38 10.71—21.71 27.10—300.12
2020.1 NIt & Pt Fp IEAY 18 6.99—26.52 11.04—523.22
2019.12 PR TR R B A 15 13.72—21.49 75.22—261.39
2020.7 TLEERR 8 16.85—26.55 184.92—603.86
2020.1 =S /N ER A g B 14 14.68—26.72 74.63—653.16
2020.7 BIF ST 28 18 12.40—17.70 63.97—196.42
2020.7 AL SR 20 14.78—22.89 107.46—342.18
2020.7 B E VDT 26 18 8.80—22.78 22.08—283.04
2020.7 6 1 7 P AT 21 10.55—16.70 35.27—109.48
2020.8 LA 16 14.60—23.35 80.82—356.56
2020.8 SR ZTERK 9 15.58—23.73 97.13—384.97
MHIR] 36 2020.7 FEE TN 14 14.66—28.75 89.93—569.90
o FRAE R M) 28 22 11.95—19.51 54.90—215.09
ZFLP 43 2020.7 BENATERL AT 21 11.91—19.40 46.35—191.02
e AN 22 13.40—20.12 66.42—209.27
B BRIP 60 2019.12 Jo SRR ARA AR A 41 11.05—25.95 34.37—506.15
I BUR 22 A 19 8.75—30.09 19.06—696.08

WHIFFHN 50 2020.9 SEM B 27 7.34—12.03 11.70—49.03
BB ER =3 (iR 23 11.70—19.03 49.84—212.51
=iIS) 55 2020.8 B 25T 13 14.31—20.62 80.49—229.12
R F 2 WA 24 10.20—16.07 32.88—110.06

R H 2 WYLA 1L g 18 9.06—14.25 21.64—79.28
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XA S 0 A . TITIX & —ANE KR, Hap5
Flhap18-5 H Ax FLAE A 2 8] R A7 AE 1—2 4N B 2R 1) o
£ AL, TS B o7, 5 27 Clade BRIl —
2, T 4 10 B TR R LML A Hap7 A /0 2% 0o 7] A
R R BT R, BRI .
23 TEHEEREMESHM

AR 3P, BRYNER (R H A, Hoast AL 2 4%
ARS8 UG T S 170 852 0 A NI 9 2 A B T o
P LA T AL 22 R I B . TEARRE AR, AN
TEARENZ S AE. RAEREM G L
FEME, P HA i AL IR 2 FE I, 48 57 1 H A
Tt K o
24 TEHEERAEMNBEEERREETK

W% 4FIT7R, 644 i fll e FE R A ) 1) 38 A B

40.0016—0.0036, AL 5 PIT A =T 2 [A] 2 7
R, HE =I5 WA R, 5978 5 TR 22
UL ARV 5 8 B 2 18] 22 S d /N o 1R 2 1h 4R 2R
7£0.0345—0.4233, i bt 5 HAB AR 2 18] 1) 15 4% 2
fhd R, R VTR, A A TR A B e
AN 2N R A 38 AR BE B0 0.0129, WA TE] N
0.0128. 0.0129410.0038, 1 B ik 2 [H] S IV Ffr 1] 1)8¢
Fe 22 KT T 6 T SRR . 1% 2R 1) Tl R i
L5370 R SR A g 8 TR) 43 AR A e e, 7 AR B S R R
i 2 B FAIK o

61 R B R $R A R 434 B LA TR N A
I ARTL ZEF AR BEAAN BRI, 28240 i1 v
TR, SE34HN)VE =YL HEK, HLAMOVASZE R LK 5.
YH ] (A5 5 BT 3 2,17 %, BEAKIA] 416.69%, BEA
WoNS8T.14% . X 15 HF F HH A g S f 358 4% A0 S 3 L
SKIR T HEAR N AR, R 2 BRRE AR . i8t4E
IR B =0.167, I H 2 578 2 3 (P<0.0001)
3 Tig
3.1 FEEERY I At K B & R I 2 kiR E

] 3 A S Y o 32 B2 4y A T BT SR A R 55 i
T P A BRIV R ) VLI AR S BRVT . UG
L. MEF S e, RGREM SR, &
T 229 B 5% 2R P48 K1) 43 R AR T i 2 A M 2 2R,
Clade A4 A5 2 15 R B SRS, blastH X1k
B, hap22 5 7 i ## (EU689059 FIDQ86887 1) AR /K
BT B (AY347295) IAHALFE 2H99.91%, F34M3 4N 5
5 780 5 HAH AL 99.56%—99.74%, & WH %4 FH HL
RS R WM RS A . B E H 201 28 S0FAR L ik
5| Bk BEC. c. var. specularis amurensis F1{8
E 8548 C. c. var. specularis germanensis=5 KK F7#
0 PR AR SRR EEC. ¢ “Furong” il
FULC. ¢. “Ying hybrid”%F N T fh, AH X 45 5]
Tl FBA I 7 525 2520 A B 780 #1133 JR R i E 4
J3f A0 oAl S AN A H R ER AT 20 A, 8o MWL S AR I
iy DX g A 52 21 BRI 57 6 B 2R 5 IR 1) 382 4% 72
Bro Clade BXI4r74NESZ, b2 b6FIb7 184N HLA%
Rlfn KT EF6E . 751 M, ME L, e
il A i R A 25 At A S5 I R A R SR
i AU, W HOE AR BT R AL . Hapl8
H A 75 7707 950 1 0 7K 2B B b A% 68 1) 77 2 FEABL 1 1R
100%, Mabuchi® D\ Sy 85yl 516 2 51 3 A WO 5
R, LA A G 1MME, iTRe A AL, Hap6.
hap7#lhap2 6743 7l 5 fuf € 21 ] (1) 7 51) AH AL FE 14
99.82%—100%, 3~ 5L A5 A S 7 2 fnf 0 21 8 ) B R
HEU . Hapl0. hapl12AThap21 5K T B 6 R0 D% [F 21
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8 FH UL E 5999.91%—100%, hap13 5 77 £ 21 il AH {14
5 °N99.74% . 8/ BAL{% 70U 41y b5 . [] 4T 811 i 0, 41 4
(1) TR 5 2 v, T LA [R] 0 B 2R IR, Z X
P [ &1 600 R g 0 1 60 % L A8 R (AN 2L f e
B P R S, A B
R 44 FF S 7E 64 g FH BT 4R 78 A B, ik
B A 1 [X g P A0 [ A T 7 (] ) 6 95 B R B R
BAEDITIBN

bl. b3. b4HIbS5 7~ A 4 Fe SV A Hi Az fo Ho
H PR PR T S R IR RIS b1 S 144 5
i RUAE AP 22 W 48 B b (B ) AT 1T X, R4
B e AR X BT, 5 AR S Ok Rz, HE 1S

— 3¢, VA B 4 e SRR 2 A & Y, Hap 1441
hap 1743 5 5 Bk VT 5 #8 (KP993 137) Kl #R AN VL B il
(KY949559F1KY949549) I AHMITEIEZ100%,
Hap27 1 Hap29-5 HAHALRE &% 51 R '99.47 %1 A4 57
NS, A B A 8 S RNV B A o R R R .
Hap55 7 2 K Ji: i K1 AR 400 V1 B 65 5 41) AH 8L FE 3k
100%, Zhou25" "M Hy ™ 4R K S8R ST T 55 64 %
1 B A, HapSAR R 328 fa LT 21 & i
%, RS AN /e 80 %4, | = VL2 B M
TR N 1R B /b, AR 3 rb -t 75 ER AL B 6 e 34
A, B R E NI IX A Bk B ) AR LA RE
JE . b H Z k8N A5, Hapl6. hap24 4l

BRL. HSMILAILLI ) 6 £ LI81% B AR LS 2RAE hap257) il 55 AROR AE S8R L2 % 75 (100.00%
*k2 BEINSH
Tab.2 Haplotype distribution
B T Haplotype RJ cJ SJ LP P HN At Total Subspﬂechjsuiﬁipﬁon

Hapl 37 2 39 C. c. rubrofuscus
Hap2 4 4 C. c. carpio

Hap3 13 53 13 1 80 C. c. rubrofuscus
Hap4 17 4 21 C. c. rubrofuscus
Hap5 4 21 5 32 C. c. rubrofuscus
Hap6 11 11 C. c. haematopterus
Hap7 4 4 C. c. haematopterus
Hap8 5 16 8 23 52 C. c. rubrofuscus
Hap9 8 5 13 C. c. rubrofuscus
Hap10 8 1 11 C. c. haematopterus
Hapl1 6 15 2 27 C. c. carpio

Hap12 1 1 2 C. c. haematopterus
Hap13 1 1 C. c. haematopterus
Hap14 1 1 C. c. rubrofuscus
Hapl5 6 9 2 1 18 C. c. rubrofuscus
Hapl6 8 2 16 53 8 87 C. c. rubrofuscus
Hap17 5 5 C. c. rubrofuscus
Hap18 1 1 C. c. haematopterus
Hap19 1 1 C. c. rubrofuscus
Hap20 11 11 C. c. rubrofuscus
Hap21 9 9 C. c. haematopterus
Hap22 1 1 C. c. carpio

Hap23 1 1 C. c. rubrofuscus
Hap24 2 2 C. c. rubrofuscus
Hap25 3 3 C. c. rubrofuscus
Hap26 5 5 C. c. haematopterus
Hap27 1 1 C. c. rubrofuscus
Hap28 1 1 C. c. carpio

Hap29 3 3 C. c. rubrofuscus

L5 4 Haplotype number 6 19 7 9 7
M= LA R4 Unique haplotypes 0 8 1 4 3 W
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99.91%4199.74%), hap3 flhap8 5 #B #j VT BF il VL5 6 7 7 0 A AL B = 09 99.91%  99.91% Al
(K'Y 949560 1KY 949562) ¥ AH AL 14 5% 153 (100%), 5 99.82%, LIk AR5 410 EH(99.82%. 99.74%F1
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— s
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C. c. rubrofuscus

Hap24
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C. carpioKY949557  H[HIy 1Bt
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S

}—‘_QE C. carpioMH797143 k&t | (G
4{ Hap!8
C. c. haematopterus P b2
¢ facmatopterus 100 C. carpioAPO17363  F A5 i im
84 Hap17
59 C. carpioKY949549  #A171B

C. rubrofuscusKJ994675  £1{n] {1 e i
C. carpioKY949559 %R HII7T T il

: 81 Hapl4 bl
100 C.c. rubrofuscus 95 C. carpioKP993137  FRITHi4

I: Hap29

C . 87 Hap27
. carpio

o1 52 Hap28

Hapll
1 P1lla2
3 Hap2

Hap22

C. carpioAY34 7295 (R SR pnin] A
98 E L C. carpioAY347293 fH[Elfshl | |
C. carpioAY347294 (£ /1 fininf i
70 C. carpioAY347292 [ sl
— C. multitaeniataKC696557  —fffil

100 “— C. multitaeniataK C696556  =ffifil
C. a. auratusAB111951  fil

K2 #imtDNA Cyt bH R AR FIMP R G K B W
Fig.2 MP Phylogenetic tree of mtDNA Cyt b gene haplotypes in C. carpio
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Bootstrap values above 50% (bootstrapped with 1000 replicates) are given on the nodes, different branch colors represent a subspecies

group, the red branch is C. ¢. carpio, the blue branch is C. ¢. rubrofuscus, and the green branch is C. ¢. haematopterus
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Fig. 3 Neural Network Diagram of haplotypes
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Each circle represents a haplotype, and its size is proportional to its total frequency. Empty square circles represent haplotypes which were

not found or the missing intermediate haplotypes, every line between circles represents one mutation. The proportion of individuals
belonging to each of the seven populations is represented by a color code

*3 FERESEREFEIEG SN
Tab. 3 Genetic diversity of rice field carp populations

Fp#EPopulation n S H H£SD ©+SD K
C. c. carpio 33 5 4 0.324+0.098 0.00040.0002 0.4621
C. c. haematopterus 44 16 8 0.828+0.026 0.0021+0.0003 2.4006

C. c. rubrofucus

CJ 167 19 11 0.815+0.016 0.0030+0.0002 3.4692
RJ 30 6 4 0.720+0.049 0.0018+0.0003 1.9977
LP 35 17 6 0.728+0.056 0.0035+0.0007 4.0135
SJ 39 9 5 0.762+0.031 0.0025+0.0002 2.8475
Jp 59 7 5 0.193+0.069 0.0004+0.0002 0.4313
HN 40 10 5 0.623+0.070 0.0024+0.0003 2.6910
Total 370 30 17 0.854+0.008 0.0028+0.0001 3.2158
Clade A 33 5 4 0.324+0.098 0.0004+0.0002 0.4621
Clade B 414 43 25 0.881+0.007 0.0030+0.0001 3.4188

T FEARB(n); BAAELZIEL(h); 2500 RES); FEIRHTR 2 5:(K); B 2RV (Hy); MR Z M (n)
Note: n. Number of individuals; #. Number of Haplotypes; S. Number of segregating sites; K. Average number of nucleotide
differences; Hy. Haplotype diversity; z. Nucleotide diversity
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AR T, RORFARFIR, SCib SIBATRE/E 77 =X
TR, 75788 EEL 6 4 B s o 5 e g™ 2,
AT 3AN B 2 €01 (92 R A i ) 43 A1 7 =YL A 15/ Fied
FEf R, B Z A T REARORAE BT 50 A5 X 4 B4R
IR BE(55/60) Z2F-(16/43)F1IES (11/50), Ja 54
(B 185EFES) 2 A3 T4 B HIFg b, 4
AR B AR ) T (115/203) s =91.(13/55)
FAYT(18/36) N2 (13/43) U th, 15 B b4 37 J& A [X.
R H R oA s SR AR SRR . SIS
hap4 hap15. hap20FThap23-5 # AL T 6 A1 SGIT
7 25, FBLE 2H99.82%—100.00%, PYAN HLf%5 7Y £

X 537 4[R2 W L 388 2 S R P g™, 4
I D 77 LRI 7 A (1 - ST A A S0 2590 20 1 B B
FHHN, FECEAEE R REER. BE
7 1S B0 /1 U7 Pl B 485 A 1 H i, Thai%™!
W FE LA o L KRN AR LG, FdE Al SRS,
I A 2 R ) B T A N 2 e, A T A
FET A5 (24 MR A A R AR o R P R B KK
R AR R 2 AR RIMGR &K
H(0.854), 15t B 22 > BE 2 10 G0 K U5 1 2R TR TR A
BRZ N TE FIEH, REBONTERE OR 1R DA 7 AL (1
JHE LR S R, AR T R AR A P H (R4 1)

Hj)%#ér‘ﬂﬁilmﬂ S1RFE S 3 B A T ML Ab, it RIS A A 532 Ehapl6(Jid 5
(23 =1L (22)2). EMRAI21E . 8 E SR 1421 2 28 IR 22 1
3.2 TEEHEREHAANIRIELEEH F18JR), HEEMRMNE— M HRMAEAEAN

i I B4 22 FEME G TR B, 20 A A R RK b A R B R A A, A LB AR [F) AL, B A

N7 B AR AR H K, Z R = . BAR AT 83 AT RIS R (1 45 5L, Perdices25 35 T
FREARECA PR, (H AT T RRINAEmtDNA £ A& [H] ZWRFE T RS RIHE 2 (R ARE &R, DA L4 BF

® 4 FEELREERAEREEEEMEE S LB

Tab. 4 Genetic distance and genetic differentiation index among the rice field carp populations (C. c. rubrofucus)

Hf A Population CJ RJ LP Sy JP HN
CJ 0.0025+0.0008 0.0036+0.0010 0.0034+0.0011 0.0026+0.0010 0.0031+0.0009
RJ 0.0345%* 0.0028+0.0008 0.0029+0.0011 0.0016=0.0008 0.0022+0.0008
LP 0.0783%** 0.0543* 0.0036+0.0010 0.0023+0.0006 0.0032+0.0009
SJ 0.1763%** 0.2606*** 0.1623%** 0.0023+0.0010 0.0034+0.0012
JP 0.2765%** 0.4087*** 0.1781*** 0.4233%** 0.0022+0.0009
HN 0.0982%** 0.0462%* 0.0794*** 0.2883%** 0.4072%**
Clade A Clade B
Clade A 0.0129+0.0033
Clade B 0.7934***
Ccec Cch Cer

Ccc 0.0128+0.0033 0.0129+0.0033
Cch 0.8902%** 0.0038+0.0011
Cer 0.8058*** 0.3258%**

VE: AL N A BUE NI R 1 R B A A BB AR R 18 4% PE B (Mean£SE); *** P<0.001, * P<0.05 (Fy (WP {E V5%
PEIKF)e CecHC. c. carpio; CchNC. c. haematopterus; CerNC. c. rubroficus

Note: The down-left diagonal showed F; the above one showed genetic distances among populations (Mean+SE); *** P<0.001, *
P<0.05 (F P-values significance level)

%5 HETmtDNA Cyt bFFIKISN FHEN
Tab. 5 Molecular analysis of variance (AMOVA) based on mtDNA Cyt b sequence (AMOVA)

AR SRR B TR RS AR S TR I E 45 %4

Source of variation df Sum of squares  Variance components _ Percentage of variation (%)  Fixation indices
41 1] v '
Among groups 2 34.806 0.03710 2.17 F:0.02173
EFL A A ) Vb . o
Among populations within groups 3 54.281 0.28497 16.69 Fy: 0.17062
THREE A A ] ve . ok
Within populations 364 504.221 1.38522 81.14 F,: 0.18864
411 Total 369 593.308 1.70730

T ##P<0.0001; A AP REORZ 5 B34
Note: **P<0.0001, different letters indicate significant difference
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TEAHE™, Zhoue" 14 H 1 g 8 5 37 R 4 43 B
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PN R R R A U R N
FAE R 25, Clade A5 Clade BJa) {38t 4% #5 55
(0.0129)FIB % A F5 B (F=0.7934, P<0.001)# 2
71 H K I 38 A% 22 S L 2 1R 20, BRI 53T
(1812 7o L[] () A 2 R a4 22 57:(0.012810.0129)
F123 Ak 7K SF-(0.89024110.8058), X 74F A BRI AT I M
2R T 2 A B W PR 2 A T o
(i) 388 4% FE £9.(0.0038) Fllizt 1% 73 44.(0.3258) B & (1K,
B IRTE R GEW 24N MR A BE A ST B R B, Zhou
£\ g 33 P K ST 38 A 22 5 % 5 0 4 05 i
T K. AHETU6ANFE AL R AR R FR) 3845 210
F540790.0345—0.4233, H A5 BE 5 55 4S5 AT H]
Wb v B - BE AL Y ST S R A B A
Ak 75 - R A S 2, LR B AR R AR B B
G . R A 1 7R AR, AR B Y
A 8Fh, HAFESH Ei (342/370), (HAL A5 7Y
HOFIRE b B AR P 23 A7 78 AT I 12— 3 3
[ (WML 2 E160)2), 1 I 3L = i fs R fa 7R 64 i
A ) PR A 3 27 B D, T A 5 2R L ok 2 2
PLE(9/17). AMOVAZM BT iR, BEAR [R]85 45745 57 51
BRI N16.69%, AbT Hr S5 A6 740 S, d B A A4 R) J
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e 5 25 L ER AR AR AR A I B G BEAA  AS R T ik
6 I 3 R0 b 5 8 5 S ) B R s pry 4 R
33 TEHSERFFENFRPAHR

P27 %P5 T D-loop X MICyt b3 HTES i K
1 M r R 5% 28] /D B WK B0 RS2 2R 8 P NAR, AR 7T
5T mtDNA Cyt bR )0 T 2GR B 45 R IR
I B AT 0 1 1] e b X e 688 52 1) G I 882 iz
IRERNFE T RIINAR, BSOS SR R17.23%
(77/447), Ut B A 3l [X 7 HH A8 18 57 [ Py 40 51 57 5
IR RE R ™, BRI, IR Ah sk AL S b
TERG HAHET 28 1) 8 FE BT L 22 .

57 T, 2R A 35 R 4 r AN ] ) 32 R X B
BARFERER, £ RERE S E &5
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GENETIC STRUCTURE AND PHYLOGENETIC RELATIONSHIP OF RICE
FIELD CARP (CYPRINUS CARPIO LINNAEUS) IN CONGJIANG AND
SURROUNDING AREAS

YU Ke"?, MA Zhi-Fang', AN Miao', LUO Jun’, HUANG Sheng', LIANG Zhi-Qiang’, SHAO Jian', PAN Qiu-Zhi',
REN Fang' and LONG Jin-Mei’
(1. Key Laboratory of Animal Genetics, Breeding and Reproduction in the Plateau Mountainous Region, Ministry of Education, Key
Laboratory of Animal Genetics, Breeding and Reproduction in Guizhou, College of Animal Science, Guizhou University, Guiyang
550025, China; 2. Animal Husbandry and Aquaculture Institute of Qiannan Agricultural Science Research Institute, Duyun 558000,

China; 3. Agriculture and Rural Affairs Bureau of Congjiang, Congjiang 557400, China; 4. Hunan Fisheries Science Institute,
Changsha 410153, China; 5. Agriculture and Rural Affairs Bureau of Jinping, Jinping 556700, China)

Abstract: The 6 geographic populations were analyzed by using mtDNA Cyt b gene sequencing technology for explor-
ing the genetic structure and phylogenetic relationship of rice carp Cyprinus carpio Linnaeus in Congjiang and sur-
rounding areas including Rongjiang, Liping, Jinping, Sanjiang, Tongdao and Jinzhou in China. Among the 447 indi-
viduals of rice field carp, there were totally 29 Cyt b gene sequence haplotypes being defined. It was revealed by com-
bining with the phylogeny and sequence comparison analysis of carp homologous sequences in NCBI that the rice field
carp in Congjiang and neighboring Miao-Dong areas was a large mixed group containing 2 Eurasian pedigrees, 3 carp
subspecies and multiple maternal lineage components, dominated by South China carp C. carpio rubrofuscus. At the
same time, the group was also mixed with European carp C. carpio carpio and Far East carp C. carpio haematopterus,
which indicated that indigenous rice field carp had experienced genetic invasion by domestic and foreign carp breeding
varieties. It was revealed by the genetic diversity analysis that the European carp subspecies population was low Hy and
low 7 type and genetic diversity was poor while the two subspecies populations of Far East carp and South China carp
showed the characteristics of high Hy and low z. Among the 6 rice field populations of South China carp, except for
Jinping in low Hy and low 7, the rest were all high H4 and low 7 with Congjiang’s H, being the highest and Liping’s 7
being the highest. It was shown by genetic differentiation and molecular variance (AMOVA) analysis that there was
significant genetic differentiation between lineages and subspecies (P<0.001). Moreover, Jinping and Sanjiang had a
medium-high level of differentiation with other populations with the rest populations being weak in differentiation. The
contribution rate of variation among these groups was 16.69% and the figure was 81.14% within the groups. It was in-
dicated by comprehensive analysis that there was limited genetic flows among rice field carp populations in Congjiang
and adjacent areas with different genetic structures within and between populations. The research helped to enrich the
genetic background data related to the rice field carp in the area, which was conductive to providing a theoretical basis
for the identification and protection of rice field carp germplasm resources in the Miao-Dong ethnic area at the junction
of Hunan, Guizhou and Guangxi Provinces.

Key words: Cyt b gene; Genetic structure; Phylogenetic relationship; Congjiang and surrounding areas; Rice field carp
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