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FHAREATRIE SR T, KR B ES | Y 2R E B vkt A
— GHR ZRHFFFI#IT. SEREH, LY W 168 Mum,
Hep 27BN R 134 4 P BB MR ELF D 80.41% , FH £
SHESSER0.29, HTERIZ4T (AMOVA) 45 R B
BRI E T BRI 96. 97% , RSN BB IR NEER K
BBIEAE S FHREFE 20 BO0L B 24 $L (Fsr = 0. 030 26, P <
0.05) RUIAFBERHAR A B & Bt k. £T BinfRgE
B TRAP ARiEXf 5 MERHAIET R I 0HT, 45 RR B
MEDHEE SRR, R E T R LR —2K,

SSTLRIAR E s e 8
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HWEBEZFAERZ —, ERE KR A
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wuyuanensis ) , X E 41 # ( C.
wingguonensis) JEHE( C. carpio var. jian) . R
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BT EF#R(C. carpio haematopterus) == B JL
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YRR T RAUKIRAE R BAL, AR EY £
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ANLEBE mARARE, B R 25 R R
™, B BRI L S AN SRR A5 45 1R 5
e, W HA R BN L E RPFFAHEA
FEENENL,
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1.1 CES#F#iF1 DNA 125
ABIGT i P SEER AT B T A LA | BRI A

FREE O 4B R R AR 5 MIERER (R 1),
srAIREYLE 30 BB, MRk , ACD PLEE,
21 Takara 2211 2R 20 350 & LB HE1T DNA 48
BUE , &l DNA HREMWRE, -20 C kAR
freEh.

®1 IEEMAERIER

Tab.1 The varieties and their origins of common carp in the current study

LES R
TRt (C. carpio var. wuyuanensis) IHEZERLR
B BA(C. carpio haematopterus Temminck et Schlegel ) TR AR 2 T B g
B#(C. carpio var. jian) BOKEMBE R B LA
MELBE(C. carpio var. singguonensis) LFEXER R
BILILEF#E (C. carpio haematopterus ) BIRILRA TR

1.2 3|¥igit

#HE HU 1 VICK™ 3| 930 R B3 4 &
B 5| Py 8 ZRENLE | 9, Hod [ 51 k4
YEE ) B RRE R . cDNA B3 EST 3t
AELBHESEAEKERMEXY GHR EH
( GenBank, AY741100. 1Y /BN BinfE £ H, 5K
B % 3 %) A PCR B| ¥ % 3 8% 4
(Primer3 ) , iR#BHMHRR , BB PHHRE HK
MB/NMCERIN 18 A 5| P Bl . & R
B/NBKIBE(T,) 43514 53 €55 CHI 50 C,
A = AR PBCh B e 5 H (3K 2) s FEL
BIYINES GC AT O XMERBFF, B4 X
ANBF S TR SRR THR, 2525 TRAP FE
PLEI9 (3 2) kil HU™ msemkisit- & . 319
B IR AR ARAF A

x2 RBHAASIYHFS
Tab.2 Sequences of four fixed primers and eight

arbitrary primers used in the current study

5% FH(5°-3")
GHR 1F ACTTGGCTTCTTTTCTGC
GHR 1R TCAGTTGTCCAGGTGAAA
514 GHR 2F AGTGATTTCACACCAGCA
GHR 2R CTCACCATTCCAGAGGTT
Ga 3-800 TCATCTCAAACCATCTACAC
Ga 5-800 GGAACCAAACACATGAAGA
0dd 26-700 CTATCTCTCGGGACCAAAC
Sal 2-700 TTCTAGGTAATCCAACAACA
KBz o Trap 03-700 CGTAGCGCGTCAATTATG
Trap 04-700 CGTAGTGATCGAATTCTG
Trap 13-800 GCGCGATGATAAATTATC
Trap 14-800 GTCGTACGTAGAATTCCT

1.3 PCR g3 =4

P34 [V 7E Takara £ B PCR ¥ 34X b 3
17, 5N R MY 3 AR FP O A SE I o S Y R
TRAP fiAb RIBEAR ™ . ¥ HF=47E 100 V HLFE
T 8% RNIAME BRI 3 h, H] GoldView Ju
( LEFEEREYRSAT) §fa 15 min, 78 UVP
BER UG R A IR
L4 HEZITESH

TRAP 2y B HEARIC , 16 Wi 7T B9 100 ~ 800 bp
WKW T RIT . mkEH % 1/0 B
AHEATRIR R, A WWAE N “ 17, ToiF 5 3y
WRER 0", HBEENT YK ZTHE o R
(percentage of polymorphism bands) J Z72M:{5 B
& ( polymorphism information content, PIC), PIC
HEARKPIC = 1 - 37", BRI —Mric R
HSE A ZEPR B R o AR AR, e f, g A2
EEF R BB,

N Arlequin 3.5 3, TR R BE AR
M550 % 4975 , I Popgene 1. 31 BFHE R
FEp ) 33 7% AL (1) A AR BE RS (D), FI A
Mega 4. 1 4k UPGMA ( Unweighted Pair Group
Method Using Arithmetic Average) 4752, fig i
ARG,

2 SRS

2.1 TRAP fRIZHI &S MS T

FIH 32 4~ TRAP 5|14 A (4 AR EET
8 REEVLEI MBI A ) 3T 5 MER AR SEITY
W, HA 10 1A (3R 3) Y A E W
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5 TR, B4, i BOR/ME 100 ~800 bp 2
Bl (B 1) BT YA HAT 5 MERHAR

BAZZ R

®3 7FE TRAPS|HAFKT EHE

Tab.3 The amplification efficiency of different TRAP primer combinations

SI4aE TIREH EERERFH EBALR B (% ) EEEEFE
GHR 1F + Ga3 -800 18 16 88.89 0.33
GHR 2F + Ga 5 -800 16 16 100. 00 0.30
GHR 2F + Sa 12 -700 20 14 70.00 0.34
GHR 2F + Trap 13 - 800 15 13 86.67 0.32
GHR 2F + Trap 14 - 800 14 12 85.71 0.32
GHR 1R + Trap 04 —700 19 16 84.21 0.28
GHR 2R + Trap 03 —700 19 12 63.16 0.22
GHR 2R + Trap 04 - 700 15 13 86.67 0.27
GHR 2R + Trap 13 - 800 17 10 58.82 0.31
GHR 2R + Trap 14 - 800 15 12 80.00 0.24
Bit 168 134

Sy 16.8 13.4 80.41 0.29

M 123 4567 8 9101112131415

1000bp
800bp

400bp

100bp

E1 3484 GHR2F + Trapl3 —800
5 MR EEHFR TRAP §iEE
Fig.1 The TRAP patterns of five different
common carp populations using primer pair
of GHR 2F + Trap 13 -800
M. 100 bp DNA 7T BinHE; 1 ~3. FHILL88; 4 ~6. FiT8E;
7~9. B, 10 ~ 12, MEL#E; 13 ~15. BIRILEFEE,

M3 3 WTLAEH,10 4 TRAP 5| ¥4 & 49"
B 168 ML, BB WAHAY I 16.8
A BB A AT N S FTE 14 ~20 2
6], H# GHR 2F + Trap 14 - 800 HH& &/, N
14 4~;GHR 2F + Sal 2 - 700 A& B %, % 20
Ao FE168 N AL S, BARMNLE 134 4, F
BEANG| WA A RE 13.4 MRIEE R, &51Y
HAEY W ZRMRFEIMLE 10 ~16 N,
GHR 2R + Trap 13 -800 HE &/, N 104, &
ANEI YA 7= 250 LB 58.82% ~
100.00% , 537K 80.41% ., EXIE| WA =4

MESEBEENT0.22 ~0.34 2, F R
0.29,
2.2 EFERBEEUENBEAER

WL AR 5 AN EEBERTE BTt B An & B GHR
B, RATR I, X E 885 g b
BAEHRUE R K (0.779 4) , B 48 5 B T8
BRA BRI B R Z (0. 765 9) , X E 4L 815
FLLTBRE B AL U B /N (0. 633 7) (R 4) . i
LR S AR E E MR, X E O S
LIARI R EE B R R (0.456 2) , M E M5
BRI R EE B B/ (0. 249 3)
2.3 SEEEFEEESL

5 AMERER I 47 2B 57 5 2 40T (AMOVA)
(R 5) KM, BHERRE L EZ 06 THE
W, FZTERERIA 96.97% , T HA 3.03% M E
TR AR T AR R ], S1E0 & MER AN
ERRHBEER. ANBKEXRE, GEMEE
AYSRNE BB 8B (Fgp) 9 0. 030 26, P <0. 05,
X — 45 SR 15 B O ) SR A TR A A A L Y s A%
43K
2.4 BRESH

REBFEEREENBRLER, R
UPGMA J5ik3f 5 MEFEHEITRE, HR B
5 ANMERERIR] SRR E OB E AR K, R
JE T AR ROV B AR RO — 2, S i
BH—A(E2), T, 43Pk BinEH,
FARA N E LT R 4 00 R B, BT A B R T
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PHERG R AR, R L8 5 HiAl 4 MEEREIAR
RGRABE, WHESIEBREHEMEXE
PR b, B8 5 0 [ 4T B, B AR 5 B Ol VT

HREA LB AT AR B, A L 4L 8 5 Ho A 4 A
BERE R R BRI 25

x4 STEBEEECHUE(GLR)NEEES(ETA)
Tab.4 Genetic identity ( above diagonal) and genetic distance( below diagonal)

among five populations of common carp

e s HTAEE fc] NETHE Eoyixaag )
oY aRAN. - 0.6727 0.693 8 0.633 7 0.7153
T 0.396 5 - 0.678 9 0.691 1 0.7659
B2 oM 0.3656 0.3873 - 0.779 4 0.721 4
NETHE 0.456 2 0.369 4 0.249 3 - 0.709 3
BpT B 0.3350 0.266 8 0.326 5 0.343 5 -

RS SAEBEHIFERAZSN
Tab.5 Analysis of molecular variance (AMOVA) among and within 5 populations of common carp

BRER BBE FEEFM FEAS FESEB SR
p:3r N1 4 1.998 8 0.015 13 3.03
FkA 145 72.0515 0.484 87 96.97
Bit 149 74.050 3 0.500 00
BB 0.030 26
;ﬁg‘%ﬁ s WEZRMED , B, BB AR S A K
{‘1 BRI GHR RIS A, UL T R
e IR KRR R R AR SRR, 2
0.15 010 0.05 0 Firik B¥nZHE GHR 1) TRAP fRic s dr&s R &
B, J& F IR — YE A A [ i B 6 F) 8 ] 88 P 2Rl
E2 EF5 ) EBFEEEEEN N . s e
UPGMA B 454 VLB LA B (0 A DA 0. 765 9) 3%

Fig.2 Cluster analysis dendrogram based on genetic
distances of five different common carp
populations using the UPGMA method

3 g

TRAP 53 TARCERTE B S SR BT R &
KHRMAETHR—FERE T E. FHEHN
FIS g B B B 2 PR 10 X TRAP 5|4
HAR 5 MR R BRI, R &
134 ML /AR, PR BT AR 80.41%,
BEBA TRAP ARICEARXT TEEREA R SR DT 5T
Rt R — PR R IR R 7 AR IC SR

TRAP AR B H 4 Y15 B 2% TR NCBI
FEYEREEERFRR, T4 BIREERERE X
ZBMARIE, KB T iR iy 2k, M )
LUEIS o B2 R i £ S BT 5T B AR R R T IR RY

ZREEEHETWBREREM. THE
%A F RAPD it h 41t (R O34T, 45
RENH AL GHAM 3 P EEHK P
ERE—EREREL, Kb a5 X EL
HERAEFELE 9 0. 694, RFFFRLE R 5 Z KM
(0.6337), BHEJE LT 1T 48 A A G 41 68 0 7
R RARRET, ERBXEEERBTHE S
HISR B P BOR BT 38 B B 8 A% MR FRE B9
SRR S N T MR R E B
(0.779 4) , T[] oL 3 A 76 60 40 388 % 4 1) 8 2%
f6(0.693 8) ,FRMHEHZNHRET G, ESERK
HARE—Sedi b b (AR R4 R A iR
%), EESHFIERAZ — N OEFES
BRMZEF. AEBEIEX LR ERKEERE
PRGERBBIE T X— WA . ARITAEL
SRR, A 5 X E AL R H, w S
RIETTEF R 2 [R]7E 5 42 R A SC B9 — SR b W]
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BN, % 05 TRAP fRiCo#T 5 MERHAR R SN 183

REAB AR, "SRR
[ — LA | [F by fe A, B, 2R AR M SR R
BB BN RN ET SR, METK
AL IR RA R IL AR AR AR, R A
HERMER B SR K AR | R 75 R ) % [ 41 4
HEIE, -5 JR AR A — YT A £ R BB 3
et

TS B 2 35 R RS T A R A 7 e ) )
A2 , NTITE SRR BE ) B 3 A 0L 0 AP T
BELE A BERE , B AE RS L 3 R AL
MEREFEBEE A H L EZZEE
£, RESOAZ , i TRKR 7 £5R
B AERER T BARSURALEREFRRA, 4
FEHIE AN AR Z W @ ( R) SHBEFM . 2
TAEFTT 25001 (AMOVA) IR 5 AR
ZIABBERRE ML, BEREN TR
ERRNBRESHEE BABREERREH
(96.97% )k B #ANMEZ FIEESR . X UL
BRI E KRR T H BT = BARR K.

ABFTE WM A TRAP ARiEBAR 4T T 5 4
BEREIAR 8 12 ZHE BT 45 R KR W TRAP 171C
AUE R TR R AL S T, T LR — 7
MR, AR 2 TARE.
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Analysis of genetic diversity among five populations of Cyprinus carpio by
TRAP markers

DONG Zai-jie"*?, QU Jiang-qi’, SU Sheng-yan’, LIANG Zheng-yuan®, MING Jun-chao®, YUAN Xin-hua®,
XIE Zhuang'

(1. College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China;2. Key Open
Laboratory of Genetic Breeding and Aquaculture Biology of Freshwater Fishes, Ministry of Agriculture; Freshwater Fisheries
Research Center, Chinese Academy of Fishery Sciences, Wxui 214081, China ;3. Wuxi Fisheries College, Nanjing Agricultural
University, Wuxi 214081, China)

Abstract: Target Region Amplification Polymorphism ( TRAP) technique was adopted to assess genetic
diversity among five populations of common carp ( Cyprinus carpio) including purse red carp, Huanghe carp,
Jian carp, Xingguo red carp and Heilongjiang carp by using 10 pairs of primer with high polymorphism. The
fixed primers were designed from the sequence of GHR gene. Out of the 168 bands amplified by 10 primer
combinations, 134 (80.41% ) were polymorphic. The average of polymorphism information content ( PIC)
was 0.29. The AMOVA analysis result revealed 96. 97% variance came from individuals within population
which indicated that great genetic variation existing within the populations. The fixation index (Fg,) for TRAP
was estimated to be 0. 03026 and showed the significant genetic differentiation among populations ( P <
0.05). The cluster analysis based on the TRAP marker polymorphism of the target gene indicated that Jian
carp and Xingguo red carp fell in one cluster, Huanghe carp and Heilongjiang carp fell in another cluster, and
finally they clustered with purse red carp.

Key words; common carp ( Cyprinus carpio ) ; TRAP markers; genetic diversity



