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WE: VI EZE LK R KR K ER £ QTL X |, 52 4 A A 368 4~ SSR 336 /1
SNP #7438 % 55 8 R A J5 K 2 & F, #8968 M AR 3 AT £ A AR N, 12 A JoinMap 4. 0 %
afEE e AL, ZHEGESS35S AN FRIEHHIBREASOAN LML, BEEEFA
BEKEN2244.66 M, #rit | FHHEE K 4.63 cM, F| J§ MapQTL 5. 0 (interval mapping,
IM) X 5 1 i 347 QTL &l , R B 7, £/ 2 245 LKA xm QTL K [&, 24 44
% LG21 An LG42, 7 B A K R 27l h 28.2% .32.6% ;6 5 L Kk Kl k48 x
QTL f2-F LG8 .LG15 LG18 \LG21 .LG39 LG40, T @B XA LT 3w EH £ 16.4% ~49.3%
43 QTL X & # Tt gk £ K T 20% #y £4 QTL & 7 /~,HL-21 s HL42 & L K H R 6 £
X i ;HBR-8 .HBR-15 HBR-21 'HBR-39 #2 HBR-40 2 3~ K & K ¥ %k 9 £ % QTL X J4 .
A F SPSS #y — A & MM A (GLM) 4t 3 & — FF R # AT I i, 45 R £ ¥ HLJ692 5 45 48 L K

Kb EEFMKL

REEWR: 58, LK kKRAEKL; e EE; ZEERFEREE(QTL)

RESHES: Q343.175; S 965

il ( Cyprinus carpio)) j2 3% [ = % #) IR K 28 T
2R — TR E K AR 5 b AR K SR 8l H
A AR R HCE Y ARk 1 SR R 7 o
HILPO 1) 28 R K ARG S5 R P R IR
G, FF W Ay ) 2 v ] R D R R ) i A
2o FIH 57 B & P H R X SR AT IR JBE 3545 2
REMikIpkz —. R EE R 2 5 1%
il , AL AL 2 A H 5 2 BB, 3Ry % 27
St o 5 T BSER E R 100 B PR A R 2 v ) L R
o PR R & J ( quantitative trait locus,
QTL) *'. Z¥F Ptk QTL % 4 nT LK 434 By
HEATTE SR A T R AEE . H AT, 6 2 5k
R QTL & MMt B GBS TR R sEE" ",
FEEPTERRUR R R R KPR

3k 1< (head length, HL) i 1 28 5 2 2F K4
br, Sk K & Kt (head length and body length

%5 B #7:2014-01-11 &[] H #§:2014-03-03

MER ARG A

ratio, HBR ) J2& Jl ft 1 8 HfE 28 40 4f8 1) &0 22 20 J 7
VAN (Y e Sl e C e OB TR VAR = 1
C2 %0E B Sk KPR QTL X (8] 5 4, X1 4k
211 S R 4 B4 T AR AT X K Sk 8 ( Cyprinus
pellegrini ) /faj £ £ # ( Cyprinus carpio val.
wuyuanensis ) HT FE it 25 1) ME R K F RE MR Sk K E
177 AL, F B AR W E & X [ LG2 (gHS-2-1) |
LG3(gHS-3-1) .LG40( gHS-40-1) D) N LG4 (gHS-
4-2 Il qHS-4-3) H FC P 38 255 B BAIK, 45 AN O fi
HEE k2, 5% 560 A4 Fhric
#% SSR .EST-SSR FI SNP #ric % DA 45 i B A 5 X
R MLAC BEA il 15 7 04 B A 5 DR A R AT 4 A
Takp SR R s E L R EAL T 6 Y
KA A QTL X ] . 45 38 = 46" A 1 B 3% 11
BEAE BB T ARG, R T N E
535 4~ FRiIC (249 4> SSR FRic 286 4> SNP) , -1
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FIHERE B 6. 31 M 4 /NF 4. 63 M & % i
P ST Sk K7 WA ) i i ) 8 SR AR K
B4 R e 7 P L S I 2 B A AR, AR TR
FH N5 J5 9 T 3% 58 0 T Sk KRSk K A B R
i) QTL [X[f] , 3 FH AH X %5 K % A& % QTL X fa] fil]
B D ARICHEAT T IE, B 0 R X 2 A4
bR HL T F 75 Rz A A9 2% QTL .

RS2 3 LB 0 4 ) B 2R bR, 7E B
R (PRS2 SB &: W e o R AUk =
P, PR B 704 A~ £ 25 MR 10 (2% 368 4~ SSR
FRIC AN 336 4> SNP FRiT) Xof LB AT B 5 £ AL
FRAR T3 77 B 45 28 F BEAR 9 68 AR ik 7 3%
TR, 32 1 JoinMap 4. 0 45 {4 44 4 33 % % B
el g T — R X o 1 3 L 9 R Sk
Sk KR K LR BEAT T QTL 4347, B A2 X 3x 2
T AR TR 40 5 3L, LA 39 O 98 4% 1 b 10 B 7
T A SR AR s

LB Tk

1.1 TRHPHERREENE

SIS AR EERE AR B R VLK 7 B 5 T AL T
Tl AEEBE AR AR A B EE LT R, I
F, 68 M EEBFF A4 FEKIRA R 3% 3
A H G AR e R [ G b o (R A fa 2
FTT RS 35 ) 565 3 4314 bR 00 7 J5E 0 (GB/'T 18654. 3
—2008 ) XJAF B SR K 2 AN PR T I =
VEHC LA Z A N 25 A 1) B, o B ik A A4, 2L 57 4 400
R TEKTERI IR 3 A H G, REMRA 271 )2, DLk
K SRR R R R /NS 10% BURE, T 3R 45 1
et ShRARK b R QTL X [ 17 5IE
1.2 DNA ZEKREEFB S H

K FH 8 S8 007 4 412 07 ok 4 UL (5 4 DNAMYY
PEHC 704 A3 PEAR D, AR AL E H £ TR
1 368 4~ SSR AR il F1 336 4~ SNP il Xf #f 2< i#
17 3L PR3 r , SNP A il o8 % 4% i cDNA 3%

HEAT 454 M7 4R 15 . PCR S & & A 15 L, £
#% 100 ng DNA, 10 mmol/L Tris-CI( pH 8.3),50
mmol/L KCI, 1. 5 mmol/L MgCl,, 200 pmol/L
dNTP,0.2 mmol/L 5|¥#1 1 U Tag DNA &,
PCR % W 2 ¥ .94 CA8 % 3 min;94 CAS ¢ 30 s,
55 PEIELRE 50 ~60 C 30 5,72 CHEffi 30 s, 3£ 25 /4
TR 572 CHEA S min, § 3 W) 24 8% TN I ik
Jiz Bk Jiss W K R 4L )5, B Gel-Pro Analyzer 4.5 %X
PEREAT R 43 B, SNP Fr ic iy 25 R 38 43 A 1
Mumina i SNP 35 5P 5 #47 . A Fnic iy 5 A
RUEHE R A S0 % AAT 95 i3 (R F 5.
71.200710144749. 3) #4784 ge i Fuas s 4k o
1.3 QTL 4 #r R I

R JH JoinMap 4. 0 B R Hy it A% 1% B 14
1% /3B B B ok CP ( cross pollinators ) , /£ & B8 %%
3k Kosambi pE ¥, Bl LOD =4 K& KT LN
0.4 1F Jy o & % B1RE 09 B8, 2l &3S A
Mapchart 2.2 ] QTL 5. 0" %5 4 347 43 #7
Jf Permutation #;:56 (1 000 ¥X) #5%€ QTL fY 95%
B X I B R oG 40 o py I g

B AiE ) R ] SPSS 13.0 #EAT AR Ay 1E 2 7 A
K56, F — M £k M 4% 7Y ( general linear models,
GLM) it 17 b5 ic PR IR /Y AH O P 20 B, SR
Permutation 5 5 i 1 5 [ #1207 #1912 3% 1 K F
(10 000 ¥k ), Fl Duncan [X £ T kb 5 43 #7145 3% 5
AU H Z 18] 1Y) 26 5 1

2 g

2.1 REWRDH

FIFE SPSS 13.0 15 2 F itk it 7 2 18 .
FE WERE | He/NME B K H A P {H, I AE Shapiro-
Wilk [E& A, L P >0.05 2G4 4 IES
Sy B, 45 R R P EIR T 0.05,
FFEIESAM(FRL),

x1 MWEBRERK LIKURIKEKIEESSHED
Tab.1 Normal distribution test for body length,head length,and head length and body length ratio

P i JEE Ve JiE /M RRME Py

mean skewness kurtosis minimum maximum P-value
&K /cm body length 18.851 1.368 0.27 15.36 22.731 0.101
3k /cm head length 5.345 -0.183 -0.067 4.33 6.342 0.859
kKK MK H HBR 0.284 0.117 -1.014 0.252 0.312 0.068
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2.2 QTL &R 4#f

FHF QTL & i (s A% 3% B 1A 3, L4 535 4>
FRic (249 4~ SSR Fil 286 4~ SNP) 43 4i £ 50 1~ &
BURE L, BIEIEE N 2 244,66 M, HRiC (6] - 3 4]
Hy4.63 cM, FH QTL 5.0 x5 1 3k K L3k
KR K R 9 QTL BEAT R B0 40 47, 36 F & fk
LOD i /K F-H 2.3 "™, Jek ) 8 4
QTL X[/ fi F 7 AW L (F£2)., 24053k
K A0 QTL {7 F HL-21 ( SNP1392-HLJE299 )
F1 HL-42 ( SNP0562-SNP0109 ) , 1] it F& 3 %1 45 &
Sy H 28.2% F132.6% ,HL-21 () 8 £ X [ 2 K
H14.50 cM, 6 4S5 3k KA K H A G i QTL fir
F HBR-8( SNP1221) .HBR-15 ( SNP0002) .HBR-
18 ( HLJ1042-SNP0046 ) . HBR-21 ( SNP1392-

SNP0818 ), HBR-39 ( HLJ322 ) #iI HBR-40
(SNP0026) , A] fi ¢ 3% 4 A8 S5 30 [l oy 16. 4% ~
49.3% , H:fp HBR-8 LOD {5 K (4.67) , 1] fift
PR AF B 49. 3% ; HBR-42 i) LOD {H &% /)N
(2.43), A fi By R AU AZ R0l 32. 6% . HBR-40
B X /N, 2 2.00 M, Sk R FTEL KA K
£ LG21 JLF & (i fE [/l —4> QTL X [1] (SNP1392-
HLJE299 . SNP1392-SNP0818) . A 1] fiff f& 35 %1 A5
FKTF20% " fy QTL X [A]/E b F 4% QTL, I3k
1% 7 A~ F & QTL 4335 2 kK E2 QTL 15 4~
KKK F 20 QTL, HL-21 Fl HL-42 & kK
AR (9 3% X J6] , HBR-8 .HBR-15 .HBR-21 .HBR-39
Fl HBR-40 J2& 3k < & K btk 19 32 8% QTL X [H]
(E2),

F2 LR AKEKEERY QTL EfL
Tab.2 QTL related to head HL and HBR

AR R PR IR L kit Xof BB IT WK LOD fH  n fi B R IAE 5/ % B A5 EH/ M
traits QTL linkage group makrer interval LOD,,. explain variance confidence interval
kKK HL-21 21 SNP1392-HLJ643 2.87 28.20 14.50
HL
HL-42 42 SNP0562-SNP0109 2.43 32.60 3.37
kKK L HBR-8 8 HLJ423 4.67 49.30 6.00
HBR
HBR-15 15 SNP0002 2.63 25.10 2.00
HBR-18 18 HLJ1042-SNP0046 2.61 16.40 2.08
HBR-21 21 SNP1392-SNP0818 2.76 29.60 13.00
HBR-39 39 HLJ322 2.84 26.40 2.92
HBR-40 40 SNP0026 3.97 46.50 2.00
LG21 LG42
0.0 HLJ1709
24 HLJ1163
. 0 1 2 0 1 2 3
3.9 SNP0586 ) ~A . L
5.5 SNP0835 SNP1344 L. g'g I zgggzgg SNPO562 g oy S
9.5 SNP1359 n ’ = .
12.9 SNP1220 o i 13.0 CA1555 i ;
19.7 SNP0326 .__ 18.9 HLJ304 I———
22 SNP1392 s o i
26.3 SNP1055 = 27.4 SNPO110 &
33.0 SNP0818 :'
34.6 HLJE298 -
36.7 HLJE299
39.7 HLJ643 s
40.0 HLJ752 i
40.9 HLJ840
41.9 SNP1016
57.3 CA1699

1 KKRMERE QTL EfL X E LOD H#i &

X 45278 LOD ;Y /R bric 0 &
Fig. 1

Mapping of QTL and LOD curves associated with HL traits in common carp

The X-axis represents the LOD ,and the Y-axis indicates the position of marker
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LG8
0 1 2 3
0.0 SNP0099 SNPO1SS "
28 SNP1046  SNP1159
8.4 SNP1158  SNP1268
41.0 HLJ423
59.9 HLJESS
SNP0798
]
~
M
SNP1263
i
.\‘\.\
LG18 LG21
0.0 CA1408 0.0 HLJ1709
0.6 HLJ1042 24 HLJ1163
LN
21 HLI692 39 SNP0586 0 ! 2 3 N
SNP0968  SNP1415 55 SNPO835  SNP1344 ==
3.7 SNPOS17 ~ SNP1411 9.5 SNP1359
SNPI5I3  SNP0046 ® 129 SNP1220
10.1 HLJ1458 o~ 19.7 SNP0326 -
324 SNP1303 =) 22 SNP1392 §
343 HLI071 & 263 SNP1055 .=
355 SNP0633 33.0 SNPOASIS T
363 SNP1418 346 HLJE298
385 SNP1417 36.7 HLJE299
399 SNP0029  SNP0340 39.7 HLJ643 i
437 CA905 40.0 HLJ752 -
46.9 SNP0417 40.9 HLJ840
41.9 SNP1016
573 CA1699
LG39 LG40
0.0~ CAI7I8 a 0 ! - 2 3 00 SNP0SO4 0 ! 2 3 4
18 T camse I'x o A SNP0333  SNP1461 o o
6.9 — AR CA1737 @ < S S
g6 Z I\ cars26 T | g T - 147 SNPO178  SNPOI3S 3
156 <] [ HLi322 R 186 SNPO902  SNPOO27 i
224 [ > SNP0O789 e : SNP0026 T
L 236 HLI697
386 ~J |~ HLI429 -
447 ~J [ SNP1425 !
472 ~=L— SNP1448 LY
481 <] ™ HLIno N
711 ~t— SNP0389 -
727 = SNP0277

B2 XREKEMEIRK QTL MEM K E LOD {H i £

X Hh#Rom LOD fH; Y fha s bric i 7 &

Fig.2 Mapping of QTL and LOD curves associated with HBR traits in common carp

The X-axis represents the LOD ,and the Y-axis indicates the position of marker

2.3 QTL £XRWiE

g B IE JIT 5 26 AR 10 A A [R) 8 AR P A 3l
MAZ 68 A Hp e BT A A 4 (33 14 1 2 1 1
0.5~0.7) , A1 Fy K ZAAE Bk fif 14, 637 41
400 &, fEKIEAI R 97 3 A H R RAEREA 271 |,
LA H AR A AR foe KR e /N 4% 10% HURE , 3 3R 4519 K
KGR KRR B QTL X H 47 5 il o %%

PR fRH 2 A PR3 F 0 B i SPSS Xt
RAVER AT 404, IRF GBS 40 A o DL KA
I /N 10% BRURE , DA b A B 4R v 43 31 3 B Sk K A
K H 27 B (6.11 ~6.92 cm) M/ 27 J& (3. 23
~4.89 cm) ; 3k KARK AR KAy 27 K (0.314 ~
0.348) Hi/Mi 27 & (0. 249 ~0.270) Jf T ¥ iif
3 HTe 8 4~ QTL X [H] AL 45l 3 4R 12 5 4, W (A
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e 15 A4, Ho &4 6 AT 2 AR ic (HLIE298
HLJE299 . HLJ322 , HLJ692 , HLJ497 . HLJ1042 )
(P <0.05) , L L 6 A HRiC R 5 ik X 2647 1 5
S R MR HE PR B A OGP

FIH GLM #6556 A~ f3l TL AL bR iC o i 5 B
S CRRM PRI A G, 7E 6 R
fir s, A HLI6O2 5 553k i (R A9 Sk KA K B
5 %M (P < 0.05); HLIE298 , HLJE299 |

HLJ322 \HLJ497 HLJ1042 iX 5 4RI B3k K 3k
N A TN I S S e S B | N S O
HLJ692 i sl i AT AN BE I A 2 L3, 45 R
N, PR S HLI692 f JE R AL AB 783k KR Kt
W R BER s B0 00 32 I 3 v T LR /N A B
A, B AB JE 7 0] i 5 Sk KR PR 2 OE
A AA S BB 3[R 7Y 7 ) AR 22 S A8 B 3
(El3,K4),

3 54 HLJ692 ¥ 1855 68 KK R K B R R REMR YRR IR LR
Fig.3 Electrophretic patterns of primer HLJ692 between the maximum HBR population

B4 5% HLJ692 3 1% 55 68 3 4< (4K b AR/ BE AR B AR SR 3 R
Fig.4 Electrophretic patterns of primer HLJ692 between the minimum HBR population

3 e

TEIR =S oy FARIC R B B Fb, o T4
X HEARPEIR 1928 7 20K, o ZAR A P %A
AR FE R B 7> Thric . AR RZEHE TR
R BCRTER, JT 2 BRI QTL s 7 2 5L B
SrFhR AT Bk B R — . i Bl 2 QTL
SE LAY e # TH HA, B 2K JR A 3 i 2
SRR T AR B R AR G . SR IT R
15 A A QTL JE A i 28, H AT 22 1)
w1 LAGCILR AT SNP Oy 32 19 I35, F 78 2 55 PR
FROER bR B T R

SR I MM T B T/ RS, Xk KR
ff) QTL 5 4 WL 4R, X1 4k 20 4 %ok K 3k 1/ 4o
FLLL BT i AR MR B IR Y Sk R EAT T E
D7, FR AR R I . E A X ek K
PEARAE W28 % £

ABIE TR R £ 3K KRR K e BEAT QTL &
P A, S 8 A QTL X [u] 73 A T 7 A1
ko 2 M5k KM KB QTL fi F LG21

( SNPI1392-HLJE299 ) #H1 LG42 ( SNP0562-
SNP0109) 6 4~ 5 3k K 1K K A ¢ 9 QTL fir T
LG8 ( SNP1221 ). LGI5 ( SNP0002 ). LGIS8
( HLJ1042-SNP0046 ). LG21 ( SNP1392-
SNP0818) .LG39 ( HLJ322) Fi1 LG40 ( SNP0026 ) .
Hor HL-21 HL-42 A fif ¢ F2 45 57 hy 28. 2% il
32.6% , & 5% W HL IR # £ 401X ] ; HBR-S
HBR-15 HBR-21 .HBR-39 #I HBR-40 A] fif B %
RIAR S5 849.3% 25. 1% .29. 6% .26.4% F
46.5% , & S0 L MR 1 X ] . 5 I
2 gk WU LG, A BF 5 BT AR 1 Sk K QTL B 1%
DX V1) BN 3 4 ] o 2 T A S5 Y X i 4 of ]
PAAE 9 2 QTL, i % T 55 1 7 T 10 4 B 7 b
HLATVETE i R A (. AR BT & 8L, 7E LG21
bELk K (23,2 ~37.7 M) 3k KR K #EIR
(23.2 ~26.2 M) A M [A ) QTL IX [i] , 7 B i s
QTL [X [1] 55 Z AN AR AH 56, 1T LA Hf 7 ot ik R g &2
P AEAE 4 1 — 2R 50 R IR B B A

AW FE B Sk K MR QTL IR 345 F T &
U S L IX ) — 5, 5 Sk KK B A5G B9 QTL
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[X.[8] LG39 (HLJ322) fil LG40 ( SNP0026 ) 5 £ &
4 45 R 5 A R A 55 B9 QTL X ] LG34
( SNP0594-0902 ) Fil LG35 ( HLJ429-HLJ322) A &
B HKH R BERFMFM QTL K, FRic %
R 22 a5 M E QTL & A iy R, 2% R
2622 ) P T st A 1 % EL AR 7] 26 3K A ( Oryza
Satiua) BEVR XTSI HE 25 (19 QTL BEATHESE /047, 4%
SRR 2 ANBEIR B QTL R o7 45 51 7 Ye (1 4 A
0 B R AR BOR: (BR R QTL IX i) 7 & 451~ QTL
T I AN BT R R AR LA B 25 R BT
W4 7R K RS T S MOIR 9 QTL % 5 A M4y
Brefdg KRS K 2280 QTL Xl A R e 1y, IF
FLAS RIF 58 3 %68 /] — P 4R B 945 19 QTL B 55 4%
BAFTERE R 2 T o BRSSPI, 45 8 R 11
E AR IR AT BE RS [ Y B2 P AR T A A
Pl 38 B 5 DR 20 75 o B = 7 4k, T $% i QTL
SRR ARG F, BEAAR T BT 45 X 1) 2 9 47 9F AT
BE I 8 TR bR AT HLI692 5 8 il f Sk K 1A K
FU IR 5 R 6, H A A T 3 I A R
H AR 6 P, R WA A KR RO R A A R
QTL 5 fi7 45 5t £ A [l , {535 43 ik T3 2 Jae £ 4
HLJ692 FRiCTE 2 HER TP A 7E B 2 25 7, AL A
A AE 3% 1 A Sk B R B R v AR AR B R K
Wio AR, AE B TR AR IC B 2 7 I IE R % 1E &
A7 BRI, AT 2 A TR AR L iR A
I %

AR SE B R Sk K B Sk AR K F iR 3 % i
T84 QTL X [a], 1 F QTL 3 # J& sk iy ™, Bir
PAFRASIY QTL A% 0o AR 0 AT 7 B2 ik — 4 AF 55 M1 36
WE. 2r TR A AR N B OETRE IS I N, B
K IS FRVRI 5%, o T AR A0 8 7l BIF 58 Hh kG I D7
5, BRI B 52 36 2 ARG N0, SO A 6 e A
5 FHIBE M A L

S E 30K

[1] QuanY C, Sun X W, Liang L Q. Microsatellite
variation among four breeding populations of
common carps [ J]. Zoological Research, 2005, 26
(6):595 - 602. [ A1l &, FhRCSC, B RE. WL H AL
TR Z 3553 B U A B A B IR s Z . S
221 5E 2005 ,26 (6) :595 - 602. ]

[2] LiWS,Liu C,Zhang X F, er al. Mapping QTLs

related to body weight of mirror carp ( Cyprinus

carpio L. ) [ J]. Genomics and Applied Biology,

[3]

[4]

[9]

[10]

2011,30(4):316 - 324. [ 2= 3CHE, X 2%, 7K % U,
S BEBRR T Y QTL & 0. AE R 4l% 5 5 FAE Y
2,2011,30(4) :316 -324. |

Sun X W, Liang L Q. A genetic linkage map of
common carp( Cyprinus carpio L. ) and mapping of a
locus cold [T
Aquaculture 2004 ,238(4) . 165 - 172.

Zhang Y ,Liang L Q,Chang YM, et al. Mapping and

associated  with tolerance

genetic effect analysis of quantitative trait loci related
to body size in common carp ( Cyprinus carpio L. )
[J]. Hereditas,2007,29 (10) ;1243 — 1248. [ 5k f,
BERIRE, W A, . 60 KR MR QTL 58 i )
Ho R AR o M. fE, 2007, 29 (10 )
1243 - 1248. ]

Hou N, Zhang Y, Lu C Y, et al. Genetic potential
analysis of Germany mirror carp ( Cyprinus carpio
L. ) using microsatellite markers [ J ]. Hereditas,
2007,29(12) :1509 - 1518. [ &5, ki, &R =,
5. W TLAL DNA BRiT o A7 78 [ 52 81 f 38t % 3% ).
% ,2007,29(12) ;1509 - 1518. ]

Zhang Y F, Zhang Y, Lu C Y, et al. Correlation
analysis of microsatellite DNA markers with body
weight,length and height of common carp ( Cyprinus
carpio L. ) [ J]. Hereditas, 2008 ,30(5) :613 - 619.
(o SCRU, IR AT, B8 2R =, 55 60 i TR FRid 5146
AR R AR R Y A 26 43 AT st 4%, 2008, 30
(5):613-619.]

Liang L Q,Sun X W. Mapping cold tolerance strain
on genetic linkage map of common carp[ J]. Journal
of Dalian Fisheries University, 2003, 18 (4) :278 -
281. [ BEAIRE, P05 3C. BT Z€ P 4R 43 5 B 10 7
& BB b i R . K% 7K 7 2 B % 4, 2003, 18
(4).278 -281. ]

Yan X C,Liang L Q,Sun X W et al. Comparison of
the morphological characteristics between two types
of backcross progenies from the common and crucian
[I1].
University ,2007,38 (6) : 797 — 800. [ [Z 24 &, 3 A
T INRICSC, 4 B 2 22 b Tl 52 AR A Y T 25
FRHAE L B2 AR dE Rl K 2 22 4k, 2007, 38 (6) -
797 -800. ]

Liu J H,Zhang Y ,Chang Y M, et al. Mapping QTLs

carp Journal of Northeast Agricultural

related to head length,eye diameter and eye cross of
common carp ( Cyprinus carpio L. ) [ J]. Hereditas,
2009,31(5) :508 - 514. [ X4 21, K OF, % £ A,
. i #h ( Cyprinus carpio L. ) k& (HR A% R[] BE
QTL [ 5 7. 38 1% ,2009,31(5) ;508 —514. ]

Liu J H,Zhang Y ,Chang Y M, et al. Mapping QTLs

http : / www. scxuebao. cn



54

FLZ A B Sk K RSk KRR E MR 19 32 %% QTL 2 4 631

[11]

[12]

[13]

[15]

[16]

[17]

[18]

related to body weight and full size of common carp
( Cyprinus carpio) [ J]. Journal of Guangdong Ocean
University,2009,29 (4) :19 — 24. [ x| 4k 1, 5K BF, %
Mg, 4. B8 f4 ( Cyprinus carpio L. ) & 5 Fl & K
QTL & fir. )7 AR 3 R 2% 24 4ie, 2009,29 (4)
19 -24. ]

Wang X P,Zhang X F,Li W S, et al. Mapping and
genetic effect analysis of quantitative trait loci related
tohead length, body height, and body thickness of
common carp ( Cyprinus carpio L. ) [ J]. Journal of
Fisheries of China,2010,34 (11):1645 -1655. [ E
BT, BB, AR SO, A S R TR T PR
B9 QTL 7E o K 33t % 25 B 43 7. 7K 7™ 2% 41 , 2010, 34
(11):1645 - 1655. ]

Lu C Y,Xu H, Zhang M Z, et al. 1dentification of
significant correlation microsatellite markers with eye
diameter and eye cross of mirror carp, Cyprinus
carpio L. [ J]. Journal of Fishery Sciences of China,
2013,20(3):490 - 498. [ &R =, 1k I, ik W H
Sy R N 2 EP i DR - GER= 7
PO e . i E K P2 R ,2013,20(3) 1490 —498. ]
Sambrook J. Molecular cloning; A laboratory manual
[M]. Third Edition. Beijing ; Science Press,2002 [ {*
WA & 5 i ZE R o T R BESE IR AR M (56 3 AR
Jent: B i i ,2002. ]

van Ooijen J W, Voorips R E. JoinMap Version 4.0 :
Software for the calculation of genetic linkage maps
in experimental populations| M ]. Wageningen : Plant
Research International ,2006.

Kosambi D D. The estimation of map distances from
recombination values [ J ]. Annals of Human
Genetics, 1944 ,12(1) :172 - 175.

van Ooijen J W, Voorips R E. JoinMap Version 3. 0:
software for the calculation of genetic linkage maps
[M]. Wageningen ; Plant Research International ,2001.
Seaton G, Hernandez J, Grunchec J A, ef al. A grid
portal for intensive
datasets| J |. Belo Horizonte ,2006,8(1) ,13 —18.
Zhou M P, Zhang X, Ren L J, ef al. Preliminary

QTL mapping of compute

genetic linkage map of wheat constructed by JoinMap

[20]

[22]

(23]

[24]

3.0 [J]. Jiangsu Journal of Agriculture Science,
2003,19(3): 133 - 138. [ Jil 2% F, 5k i, 1 W0 48,
5. J JoinMap 3. 0 7] 25 #) 5 /)N 32 38t 1% 7 B T
Il 42,2003 ,19(3) ;133 - 138. ]

Tan Y F,Xing Y Z,Li J X, et al. Genetic bases of
appearance quality of rice grains in Shanyou 63, an
elite rice hybrid [ J]. TAG Theoretical and Applied
Genetics,2000,101(5 -6) :823 - 829.

Zheng X H,Kuang Y Y,Lii W H,et al. A consensus
linkage map of common carp( Cyprinus carpio L. ) to
compare the distribution and variation of QTLs
associated with growth traits. Science of China; Life
Science,2013,43(2) ;159 - 167. [ H &, E A 3H,
B, 45 B T TR 3 1 8 A R DG PRk QTL
B A S S LA R E R A A A, 2013,43
(2):159 - 167. ]

Zheng X ,Kuang Y,Zhang X, et al. A genetic linkage
map and comparative genome analysis of common
carp ( Cyprinus carpio L. ) using microsatellites and
SNPs[ J]. Molecular Genetics Genomics, 2011, 286
(3-4).261 -2717.

Peng M M, Yang G H, Zhang J J, et al. QTL
analysis for flag leaf morphological traits in rice
( Oryza sativa L.) under different genetic
backgrounds[ J]. Chinese Journal of Rice Science,
2007,21(3) :247 -252. [ 28R, B E AR, 5K 5 d
& BT BT KR S M AR QTL 4347
[ KRG RF 22,2007 ,21(3) 1247 - 252. ]

Zhao F M,Zhu H T, Ding X H, et al. Detection of
QTLs for traits of agronomic importance and analysis
of their stabilities using SSSLs in rice [ J]. Scientia
Agricultura Sinica,2007,40 (3) :447 - 456. [ #&X 55
W, A i, T afe, 55, BT SSSL Y /K i & %
W QTL e i I R s 40 B7. op I 4 ML A2
2007,40(3) :447 -456. ]

Zheng X H. Genetic linkage map and QTL analysis
of growth-related and meat quality traits in gommon
carp [ D ]. Shanghai: Shanghai Ocean University,
2012. [ KB 2. o3 B P 3% B AR K R B MOIR QTL
FEALWFSE. b bR, 2012. ]

http : / www. scxuebao. cn



632 Ko E R 38 %

Excavating the main effect of quantitative trait loci related to head length,

head length and body length ratio in mirror carp( Cyprinus carpio)

SHAN Yunjing'?, LU Cuiyun’, ZHANG Xiaofeng’, LI Chao’, CHENG Lei*, SUN Xiaowen' "
(1. College of Fisheries and Life Science,Dalian Ocean University ,Dalian 116023, China
2. Heilongjiang Fisheries Research Institude ,Chinese Academy of Fishery Sciences ,Harbin 150070, China)

Abstract. In this study,the purpose is to excavate the main effect of quantitative trait loci related to head
length, head length and body length ratio in mirror carp ( Cyprinus carpio L. ). A group of F, hybrids
common carp including 68 individuals was used to construct a linkage map using 535 markers, which were
arranged to 50 groups covering 2 244.66 cM genetic distance with an average space of 4. 63 cM. MapQTLS5.
0 software was conducted to detect the quantitative trait loci( QTL ) for HL and HBR using interval mapping
(IM). Results showed that two QTLs were identified for head length on the linkage groups of LG21
(SNP1392-HLJ643) ,LG42 ( SNP0562-SNP0109) , which explained 14.9% to 32.6% of the total variation
of the head length;six QTLs were responsible for head length and body length ratio associated with the
linkage groups of LG8 ( HLJ423 ), LG15 ( SNP0002 ), LG18 ( HLJ1042-SNP0046 ) , LG21 ( SNP1392-
SNP0818) , LG39 ( HLJ322 ), LG40 ( SNP0026 ) , which explained 16. 4% to 49. 3% of the phenotypic
variations. Seven QTLs explaining above 20% ,HL-21 and HL-42 were major QTLs associated to the head
length of common carp ; HBR-8 ,HBR-15,HBR-21 ,HBR-39 and HBR-40 were major QTLs associated to the
head length and body length ratio. These results indicated that it was highly probable that these QTLs were
the main regions of the head length, head length and body length ratio development. SPSS general linear
model ( GLM ) verified another group, and results showed that the HLJ692 was significant correlation for
mirror carp head length and body length ratio( P <0.05).
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