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Foft 0 5% 5 5 P O WIF 9% 6F 42, B 4 A7 i 4 ( SP) 22
& EUH R (SL) 10 2 7 [ BT (DI) 12 F& (#i
L BEHE (HY) 14 J2 | fof £ 21 8 57 9% & R (HK) 15
FE M PERE (GH)24 B FAT B (ST) 21 2 | ik %
g (LL)22 B2,k 140 &, r IR B 6 ,70% &
BT - 20 CUkAh .
1.2 LWHE

A /48 DNA 4% 5 HE [ 2 DNA 79 £ H
KL G E AR R

PCR ¥ ¥ 5l 7 % F Xiao W-H #1119
5| ¥ (L14724 . 5'-GACTTGAAAAACCACCGTTG-
3’, HI15149: 5'-CCTCAGAAGGATATTTGTCCTC-
3) YRR FRBE SRR Cye b SN B4 -
WE TAEY) S Wl A . PCR KRN 50 pL,
A58 A buffer 36 pL . E #5149 (10 wmol/L)
% 0.5 uL it DNA 2 pL. Tag DNA 3% 4 i 2
U, i is i K B K. 37 3% ) R 3% 76 PE 9700 #Y
PCR {{ (PE A #]) b 581, )0 414 :94 C #iAs
# 7 min;94 € 30 5,60 C 30 5,72 C 30 s, 4t 26
AEH ;72 CHEAF 5 min, PCR =44 2% Bifig

B S L DK A I I ol BT AR AR TR R Ik 55
AR A gl e 50y

J 3 5 Hr Wy J5 B 7 4 i A Clustal X
183 P AT 5 B e R HE B A LT
BT, BUBCHH [F] 4 32 1) &8 43 e 91 T B A4 3st 4% 43
Hr, i DnaSP v. 5 BTS2 A% R R £
P, B EF Arlequin 3. 11 H /9 73 05 22 70 Hr
(AMOVA) i+ & #E K 8] 19 352 1% 43 k. 1] MEGA
4.0 THRAE 43 BT B BB B 4 R 25 S A L
A S AR TR AR S L R e /A, AR
Kimura B Z: %5 #5 AY 1 53 2% B A ) 1Y 35t 1% B 5
(D) o AR TE M 18] 4 352 1% BE 2, #) H] MEGA 4. 0
B A R A ) 2R 48 & A O AR Y N ((Neighbor-
Joining ) 5, % A Bootstrap ( T &2 ¢ =1 000 )
K0 o> 1 RGEW 45 3 SO BAR BE .

2 4

2.1 BEHEBMESERFIIMNISE

H4 i A3 77 148 GenBank 1 Blast, 25 J i 2 It
Sy 2R AR Cyr b FER 43 ¥ 50 . A T
F 28 ClustalX B X Jf fm BAN LR % 5, AR
425 bp JP I T REARS AL 20 7o AL ST 10 A {430
JPas Rls g, m b B S 3k 139 Ak, &
MEGA 4.0 2+ #7, )7 5 rl g f 141 D 5@, f7
SN 418 AN AR S S T A, T 20 B S
3 A TEJF A 178 ~ 349 bp Z [A] ir A B 1A #R
TR . WAFW AT T.C.A.G &
AyRH26.8% 29.0% 29.7% 14.5% ,Hf A +
T 58(56.5% )T G+C 58 (43.5% ) , i/
Wit il 8.2,

T R Y A B o A R R Y 8, IFAE
NCBI [ WX 5 , 8 T 1E 6 9 2 5L @2 )7 51, i 1
7£ NCBI | R ##) 4: fi iy Cyt b Fir 2 5 14 356 4 &
HERT A, %4 MEGA 4.0 WXt , K38 A8 F 4
O3 A AR B, Hoh & R S5 SAE AR
T4 S R S5 5 S IR = (8] W D BULE A R R
SRR Z ]

2.2 REANDZEBRSHEN

FTA BER ) Cyr b BE AT 430 4 A B 7Y
22.3% MK JE T P A5 R Hap 1, 4 K 2 A
(75.5% ) J& T 5 A% AL Hap 2, DECAK (1. 44% )
J& T RS R Hap 3,45 DA (0. 72% ) J& T Ak
B Hap 4 (1), w45 6 45 [ 45 6 B Y 21 4%
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B LA R Hap 1 0 32 H B A% A Hapl 325 A
FEIX 3 A~ dh Bl f (ol 74.2% ) F3 T | e 9 B A
H i B S LA LA Y Hap 2 Oy 3=, i £ 21 847 %€ i
Z I S g FUAE A FR R Hap 2, A8 3 5 60 v 77
T4 4 MR L

PAFRIAL (ny) 9 1 ~ 4 A, Hf% 1 2 R4

BAF IR Z RE 1 (P,) 7£ (0. 000 00 = 0. 000 00) Fl
(0.002 65 +0.002 27) 2 [a] , H v i 0 21 8 $; 58
sty ZR R WA 95 000 1) 22 AR O O, I A 0 21 6 T FE
FR ORI SR A A I AT SRR Y Tajima’ s Do
K g (B 1 28 A L R - 1.411 04 ~1.757 51, bk
WG HE R AEZE(P>0.180.1>P>

(H,)7£(0.000 +0.000) F1(0.568 0. 119) Z i,  0.05) 754 R (£2),

F1 ETHANECrd BEENSHENREREY

Tab.1 Haplotypes from each populations based on Cyt b gene of mtDNA
B T & population GenBank % 5
haplotype BB total SP SL DJ HJ HK GH SJ LL accession no.
Hap 1 31 3 7 7 9 2 3 JX963628
Hap 2 105 19 3 5 5 15 22 14 22 JX963629
Hap 3 2 2 JX963630
Hap 4 1 1 JX963631
x2 ETHHE D BEEMNBEESHEN
Tab.2 Genetic diversity estimates based on Cyt b gene of mtDNA
A " H,( £SD) P.( +5D) Fi P K 56 neutrality test
population Tajima’s D P
SP 2 0.247 +£0.108 0.001 16 £0.000 96 -0.227 69 P>0.10
SL 2 0.467 +£0.132 0.002 20 £0.001 27 1.032 99 P>0.10
DJ 2 0.530 £0.076 0.002 50 £0.001 18 1.757 51 0.10 >P>0.05
HJ 2 0.495 +£0.088 0.002 34 £0.001 12 1.553 73 P>0.10
HK 1 0.000 £0.000 0.000 00 £0.000 00 0 0
GH 2 0.159 £0.094 0.000 75 £0.000 94 —-0.889 89 P>0.10
SJ 4 0.568 +0.119 0.002 65 £0.002 27 -1.411 04 P>0.10
LL 1 0.000 +0.000 0.000 00 £0.000 00 0 0

T ony, BAERIEGH . BAGTIZ AR P TR 2 HE 1L
Notes:n, . number of haplotypes; H,. haplotype diversity; P;. nucleotide diversity.
2.3 EEEfESL

AT Cytr b e P L 852 4% 3 1% 1) 119 33t % 04k
AMOVA 25 3 W, i 16 22 5+ T 2Ok B BE IR N
(69.31% ) , DRk FIREIRI] (30.69% ) (£ 3) . %%
HEVRAY IR L A2 S F o0 b, 45 2R s, A 20 S 6

7 [ 4 ) Rl B M0 2 ) 1 P (A B, G 3 e A
i 5 H Ml 5 Fh 40 2 8] G F {H R 0. 141 85 ~
0.722 22, F 30 &b B (8] 43 b 22 5+ W % (P <0.05)
(F£4).

x3 ETHHKME Cyt b EEH AMOVA 5S4 R
Tab.3 The result of AMOVA based on Cyt b gene of mtDNA

78 S5 A R A B 07 F i 0% BASRH I
source of variation df sum of squares variance components percentage of variation
HEfKA] among populations 7 18.588 0.136 64 V, 30. 69 =
BEAR N within populations 131 40.419 0.308 55 Vv, 69.31 "
B3 total 138 59.007 0.445 18

Notes; = P <0.05, % P <0.005, #%% P <0.001.
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x4 ETFT Ot b ZERMEHEEN F MET Kimura WS HEB T HEH R HEZ BEEES
Tab.4 The F, among populations based on Cyt b gene and genetic distance of
each population calculated based on Kimura 2-parameter model

HJ SP GH SJ LL HK DJ SL
HJ 0.409 26 " 0.514 53" 0.205 37" 0.394 02" 0.635 00" -0.075 78 -0.085 72
Sp 0.003 -0.030 46 0.027 61 0.036 97 0.065 02 0.340 37" 0.485 37"
GH 0.003 0.001 0.078 87 0.053 84 0.015 66 0.454 22" 0.596 13 °
SJ 0.003 0.002 0.002 0.034 33 0.156 91 0.141 85" 0.251 31"
LL 0.003 0.001 0.000 0.001 0.099 12 0.331 48" 0.449 83~
HK 0.003 0.001 0.000 0.001 0.000 0.580 42" 0.722 22"
DJ 0.002 0.003 0.003 0.003 0.003 0.003 -0.068 99
SL 0.002 0.003 0.003 0.004 0.003 0.003 0.002

TE 08 A2k DU D R A (8 Fr 3t 15 B 2, 00 M 2R DL B BEIR I P, = RO B K P <0.05,

Notes:above the diagonal is F,below the diagonal is genetic distance, * indicated significance P <0.05.
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3.1 BEBFIMESERFS

It 75 o £k i PR F 52 1) R R IR A, D9 %
B ME S W E % A A7 1E S0k TR TR 1 5 DL 31
BT L R 69T 3 A7 8, 6 4 5 S R, 15 HC X J
f1 28 A A 35 DR R B, B A AR ] 1 R A X L ) o
Ho T LUYEE 51 99 36 ok . ZEARBRSE A, I
21 47 ¥ 41, 2 BLAST Lo x5 6 A g # 2%
KRB Cye b FE3, EBER L

B Cyt b JF I A + T ()55 i (56. 5% ) W
BET G+CHHEE43.5%)" . T.C.A.GY
EED N 26.8% 29.0% .29.7% . 14.5% , 3
MR G MG, — B Y4/ wi i/ T
2. O, DA A7 3% 3k JR) () 5 72 £ 3 3 46 A, 52 3k 4k
W5 B LB T B K, E R 4 R AL 20 BT I HE AT

NJ tree from the genetic distance based on Cyt b gene of mtDNA

BT AS B S BT BEIR Cyr b 4T
B e e/ B A A 8. 2, B K T 2.0, T LI
Cyt b JFBIAl LHEAT RGEK T M. ARSIk K
BT A ASATERF S ) 178 bp ] 349 bp 2 A #R B
AR IR S I HE DU 5 BEFY 51 20 it 1Y) 2 5 TR
] RE S I RE R A G

IR 51 I 2 1 1) 2 48 R 90 0 A 45 2R
N, BIERRAL S B R R AR AR AR Z
(B, 4451 2 R R 57 5 2 PR AT DA AN 7 FL A7 119 1 7K 8 2
MR, e A Z 18] 1 28 5 AN 52 W Cyt b B i K P R
HL AR, DR B RE D A Cye b i — > HEAL 2218 1Y
AR IS RE il (i R A (L s
3.2 BERRBRERSEMEST

I RGBS BT A3 1,75 5% AR R T
% Hap 2, H %5 — A HEAR AP AR 5 4 545 2 Hap
2, R FAF Y Hap 2 [0 e 45 7 G i (1) 35 52 A%
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Hap 1 N £ BA7 78 T 5 fh .

B TEAAR 1 A% TR0 22 R M 0 BT 45 HE A i 4B
13818 Z AR PE R s (0,568 0. 119) ,3X J& H T i%
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WA B L R e ) 21 B B € i R R S A LA Y Hap
2, st Z FEPEAIG, X AT REE I Dl Cyr b A
FERARSF BT 8. Tajima’s D A 5o 45 5 &k B0, H %
gt A ] A5 S RPA R R A 1Y Tajima’ s D 56 {H
RIEAH , WS R 45 06 3 Fh a7 SE AR A AR b R] R &2
T - B VR, EL & B Y A | R S M R A
TH 8 B R O U R B3 B I 6 S
FERGIT 1 D7 58 B BV A IR R ok AR g 1 K
B, R/ MR A R AR A
3.3 BABEEASUMRZELXEXER

FT Cyr b BB AMOVA 745 KW,
Wik 22 S F 8ok A T RN, UL 8 FhEE (A
FEFER DI oAb o ASBIEZE A, WA TS 40 4 0 7 6] 4%
WA R B [ Y F B B, R 3 Fhfa
6] A 38 15 434k, X AT RE TR 3 ol i 315 Sy 45 i Ao
H Cyr b FERBARSF T ek, X 3 a5 HAh 5 A
{9 F {57 0.141 85 ~0.722 22, £ W E 1= a1
TE— & 1 382 4% 43 Ak, T AE S AS [6) | ST b ke X 1%
FET Cyr b & 43 K45 BF 4% (0] 79 352 4% IR 25 40 A7 15
RN TR AR R ST S e [ OB
R A R 3 PR R R R, 5 H
TILFHER B S 8 BB, 5 AMOVA 43 #ir 45
R—3,

B AE T Cyr b B 5 4% B 25 1 NT 4 Al DA
F i e ey 60 21 B T TE S AR ORD Ry FE IR Oy —
3, ar A 21 R S i R Ok BE T Y B R A L 21
Z A8 e P A vk R T R S R Sy Y B

7 20 R Bl T 22 Rk 2 22 [
AE T K , W Bl 4 g BB T VI M R AT 4 0 2% 32 1T
ok T 3 e (AR LS Sy YT B A Sy v —
ANER BEGERGENW BT FH %, @
] 555 00 00 R R R T B R o — 7, X 5 R
135 00 3 A 2% T A5 A 405 SR — B, S D e ) o 4
T o LA 0 B M 4 o6 RARGE R G 5 T
i ) L 21 S0 0 S i 2R T R R, W
057 2 A [, R DA Sl VL OB | A 21
77 o] A R A 5 I 4 S SRR ORI SR AR Z IR AL
[1] 52 A5 B it ol T 5 2 4 SR oA i Ak T
S — 3, BN b T A A — S S 4 T e f g
4T T i B — S, X U0 D R I 9 5 S AR R
—SE IR AL 2 o WA A i [ R S
s ok R A P AR B AL TR
3 Pl LI — A — B XIS AT U BT
T 8 Fhl 32 58 S Fh ) R AL R, N2 G
T BB B ORI IR GE S R RS B R At T OB R
R o

FhT AL TR0 4 A 1SR 2 00 A7 4 S AT LAy, Cve
b R TG TA A 8 i R 5 5 R o 40y T, HURE
JI A A B 43 32, U B R SR Cyr b JE A
TG SE 4 T i 00 9% A S R 22 18] 09 R 4 HE Ak
R TEZ G BIRT IS, 45 & Ol T e 0 1o
FF (@ COT (D-loop X 165 rRNA Ht[H % ) Bk
BN R G AL 2R 15 A 25 5 2 T 0o 5
IO VERRLAR A T ANE AR L o B AU R B
V2 5, Xl P 4% 52 T 5K 1) AR [ 6 o T 5, 38
T L B R 41 DNA ARA0 ok 20 7 A2 TR #Y sk 1% 2%
Skt H b i R st A8 2 A S I X R e e T
VEAl LA A 0 ol R) 19 252 56 R RLEAR 8t 1% 2 FE1E
RA
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(3]  cfi. fRfh 7 58 IR A BT () @R [T ], rhE K
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Genetic diversity and phylogenetic analysis of eight Cyprinoid aquaculture
breeds based on mitochondrial Cyz b gene

XIAO Tonggian'?, LU Cuiyun'?, LI Chao', ZHANG Mingzhao', GU Ying', SUN Xiaowen'"
(1. Heilongjiang Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Harbin 150070, China;
2. College of Fisheries and Life Sciences,Dalian Ocean University ,Dalian 116023, China;
3. College of Fisheries and Life Sciences,Shanghat Ocean University ,Shanghai 201306, China)

Abstract: The mitochondrial cytochrome b gene fragments of eight cyprinoid aquaculture breeds were
sequenced and their genetic diversity and cluster analysis were compared. Mean content of T,C, A, G, are
26.8% ,29.0% ,29.7% ,14.5% ,respectively,and A plus T is higher than G plus C. The mutations in the
141 amino acids translated by 425 bp of Cyr b gene fragment could not affect its function and during the
process the majority were generated between the valin and isoleucine which were unchanged and
hydrophobic. The result demonstrated that the evolution of this protein was slow,and it was adapted to the
genetic analysis. Five haplotypes were detected from 140 individuals, of which 75.5 percent belong to the
Hap2,and the Hapl was mainly distributed in the mirror carp. The AMOVA and cluster analysis based on
Kimura 2-parameter model exhibited very close relationship among German mirror carp, scattered mirror
carp,red mirror carp,and also revealed that the relationship among Cyprinus carpio blue var,cold-resistance
strain of red purse carp, frigid carp was close. The results were in accordance with their breeding
backgrounds.

Key words: Cyprinoid aquaculture breeds; genetic diversity; Cyt b
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