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— R T ER MO EZ 5 MR8 QTL E L5 47

ERE, MxE, EWE, F #, £%7F,

Crp E K™ B2 E 58 e B VLK A 8B, SR JE I /R 150070)

B,

HEXT

WE: DMKERTEOLB8RERRAEXF 1L ANARRZN 92 RAMEN AR, A 300 ML E
(SSR)AriE My 7 te A i, HKEH 2471.7 cM, AR B B FH [ 1 & 10.75 cM, 7 it 3
ah b xR K (SL) KB (BT) k& (H) ik it & (W) 34T QTL & L 447, FE AN E 17 A4
QTL X [l 47 T 6 & 4 #F . 4 MAK B QTL # ,fL F LG5 ,LG7 fr LG19 &y QTL % & F K
F(P<0.05),frF LG32 8y QTL A B F KF(P<0.01), THBEXRALFEHS 14% ~
10.2% ;4 A& B B QTL &, fL F LG11 (# 4~ QTL) A1 LG32 L #y QTL K & #F K F (P <
0.05),fLF LG5 #§ QTL k% B % K F (P <0.01), B RA T 3 X % 6.42% ~8.43% ;6
NAE B QTL # ,LG5,LG10,LG11,LG19,LG32 F# QTL %} & % KX F (P <0.05) ,LG7 ki
WMEFEAF(P<0.01), THERAELFENS5.92%~8.95% ;3 MK &y QTL &, L T
LGS #1 LG7 L H B % K F(P<0.05), T BRA L XK 555% 1 8.36% ,LG32 ik
WMEFEAKF(P<0.01), THEXALTFEN6.44% , KHAXKXKATHNTRE B ANLERTF
RAUEEBE, FET QILHARXBHERN SN, HSFFEEH R K& A E 8 QTL £ 2 H K

HAF LWt QTL WA W F L E A al WIS E LT H M
KGR #; L REEREAMCA; 27 R

RESES: Q348; S917.4

fif ( Cyprinus carpio) ) K 2 ¥ 4 ¥ R &
TRCE VR, B MR 2 2 5 R, AR R
T ECE LA BE PR AR 0 R BT & IR T
st 1% B fili A O B2 0%, A L E B 7 95 AR
MFERAKE EXFH R R FATRR . 2 F4EY
PR B K AT G 5 15 bR iC 45 B 3O Tz N
FH K77 A 1y o ast AR A ad i i — A T 2 7 I
S dEAT B R BE X 67 5 ( quantitative trait loci,
QTL) M I8 o Hh T % PR AR JE X A s AR A &
A PRI, PR O 3 o A 2 35 A% 3% 0 RT3, 54k
F RO R B R D O R A AR I A
MBS G AR R A, B AR
fed Fhorb . F B i S B 3 £ ( marker-assisted
selection, MAS) [ B 8 L fill .

[ 2004 4F Sun %5 L VT80 LAY G 48 2

%5 B #5:2012-08-07 &8 B #5:2012-11-29

XERARERD A

52 (9 B A VR L D R T A — K i PR )
S B 5T 1 R F TS AR WTIR A, [ N ANIF 5 2
|l AFLP SSR Fl SNP %5 A [l 4 T 5 10 #4)
T ks B T, g QTL B g 4R
T EEM AR A BT, R R AR R
i MERZ B REVR AR MR F, S5 R 4 0 i AT
THERKMEMR T R R LA )
BURMMLET 4% 5 ) S ik QTL (2 #r o LAR,
HEARTE KR T T, B AR LS FI AT SSR ARiC X i FL
Tz fii & i ( lactate dehydrogenase, LDH) 3§ ¥4 i 17
T QTL 5, % Bl HLIE222 i} &5 15 LDH {5 14
SR FEN B, PUIE D, W R AR R 12 A4
EST Fric S MR AT 7 A0 5 43 B, Hod 541K
T PR i 2 A OC g CCO009 Fi CCL15 43 5l % 7 78
132 B PR 3 1) 5 38 SRR 2 S B L

F BB « [ 5 H SRR A A IR (2010CB126305 ) 524 i MEAT ML (R ) BHITF % T (200903045 ) 5 |8 5 AN =7 S R BF 58 K T
20 (201 TAA100402) 5 3R VK 7 BIF 5 07 25 A BHIT Al 55 9% & T (2009 HS YZX-SJ-08 )
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O 37 %

AR S 2R 1 300 AN TL A AR A0 0 AR EG B A 4y
FLLBEHTIE i R 285 F, AUEATIE BRI it
FXAA (SL) RS (BT) i (H) A4 5
(W) 47 QTL %773 Hr , LI . 21 55 PR 5 % 0%
B o> FARIC, 4 Ja QTL Kl % {2 70 Hr , Mo ik
HE DN 1Y G 1 5 o B B AR A, PR B8 3 1 i A

R
UMk

1.1 SRR

S Al SR e YK ™ WE 5T B A 3 1 o
Ho IR R B AW R 2ZEF o /MK
Tchang ) I # {1 21 2
( Cyprinus carpio wuyuanensis) 3. 7€ fh & N EA,
2000 4EZ8 52 7 4 F,,2006 4F F, 4 323815 F,, 1
FrTIKIEA N ,2008 4 5 HH T AR ik
92 FE#EAT Az KR A ) i A0 A PR B 23
1.2 REMRKeNE

XHEEBEARSEAT TR (SL) AR (BT) (K
e CH) A BT i (W) SR 47 700 &, bR D AR 4
e N RS E [ 5K bR o SR B 2 i T A 55 )
53 R (GB/T 18654.3 —2008) #47
1.3 #Ri2iE#FE R PCR =4 18

AR SEH A8 T Y 300 A (4255 77 4> EST-SSR)
LR RIS, 8 4 Koi &4 B AR RIE ", KA
YA S = AT TR .

PCR LA & 15 pL, o f14E 5 U/pL
Tag DNA E & W 0. 2 pL ( Sangon) .10 x PCR
buffer (10 mmol/L Tris-HC1,50 mmol/L KCI1,2.0
mmol/L MgCl, and 0. 01% gelatin,pH 8.3)1.5
wL,dNTPs(2 mmol/L) 1.5 pL, F FIFE5] 4 10
pmol/L % 0.5 pL.20 ng f## DNA 1 pL .
PCR J i B2/ 2 94 C 148 3 min;94 C 7421 30
5,38 JOEEF 48 ~64 T 30 5,72 T #Ef# 30 s, 2t 25

( Cyprinus pellegrini

ANEFR ;72 CHEMR S min, 3 =¥ 4 8% AR A1k
RN MW M BE oA Uk B 1T R W, SR O]
EpsonPerfection V100 9 # 1X 39 i i 1% , Gel-Pro
Analyzer 4.5 {F 73 Hr LUK B
1.4 HEFESHFE

KA Joinmap 4.0 Fi {1ty 1t 4% % Bl
& AT 5 CP ( cross pollinators ) , 1E & bk %k
 Kosambi %' "'t LOD =4 J7 fr K 41 %Ny
0.4 15 Ry ff o % WORE 0 BAE . 2 i 181 33 1) ] 18
Mapchart 2.2

QTL {1 R JiI Haley %' 37 ity £k 1k Il )
SYBT 05 I GridQTL 7 B E4T 53 7 (huep: //
gridqtl. cap. ed. ac. uk ), I 4t @ 1K 5 FH
Permuation £ 4 ( Permutate chromosome-wide,
10007k ) #f & QTL fi fi M9 & 3 ¥ B {8, A
Bootstrap (1 000 %) #i %€ QTL £ 95% 15 X [A]
J3E A R i A 7 # Il A BIF 5 SR B B
PR

Y, = a +bX, + ¢

Kb Y, N i E IR EUE , a AE R
RONAH b R FW QTL RN, X, NI i Ak
WAL AT T R e, RFRZE R

AHIESE BT A BR A 0 B PR B OH R T A 52 56
FATIE B (LS Z1200710144749.3)
AT B ge A% X AL

2 4

2.1 MERDHE

FIFH SPSS 13.0 3155 4 F bk 19 d5c KA L I
AME OB ME R 22 0 B AR B I /F Shapiro-
Wilk [EZS 43 3, LA P >0.05 HEHHFAIES
Ay Ai I S M BE L A5 R R P {HY KT 0.05,
FEESFM(ERLD),

x1 R EEASHERECEARESS HRK
Tab.1 Normal distribution test for standard length,body thickness,body height and body weight

EIN FHE it & e 7 e/ ME P NIEN p
trait mean skewness kurtosis minimum maximum
R SL (21.38 £2.45) cm 0.26 0.07 16.50 cm 28.90 cm 0.53
& JE BT (4.08 £0.67) cm 0.34 -0.24 2.70 cm 6.00 cm 0.33
&g H (7.44 £0.90) cm -0.03 -0.73 5.70 cm 9.40 cm 0.26
e W (313.11 £107.46) g 0.40 -0.17 120.00 g 646.00 g 0.12
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2.2 EfEEHELSE

AR SLEG BEEL Y 300 AN FRiC ) RE AR E B M
A EE AL 279 AR, A T 49 A PRE
L EITER By 2 471.7 M, brad [a] F 24 8] B
10.75 cM, EFi R K BEIJEE 2.9 ~165.9 cM, #
KWEPHE B A 12 A 4nid, PS80 LA
5.7 MFRid
2.3 QTL EfI4#r

XPARA AR AR R R A B E AT QTL 43 #r
(F£2), K02 17 4~ QTL X [E] 4341 T 6 1~
iR ( 1), 4 &K M QTL, H f LG5
( HLIE104-HLJ617 ) , LG7 ( HLIE588-HLJ563 ),
LG19 ( HLJ1093-HLJ476 ) % i # {1y QTL K i %
K (P <0.05),LG32 ( HLI693-HLIE499) |- [ty
QTL Sk @ & /K- (P <0.01) , AJ fift & & B A% 53
FHRS5.14% ~9.56% ,£5 QTL [X [a] A &L N HE AN —
0, Hd LG19 My fsn , LG5 \LG7 \LG32 ¥4 1E
RN 4 SRR B QTL, fii F LGI1 ( HLJE9-
HLJ44, HLJ177-HLJ551 ) I LG32 ( HLJ693-

HLJE499) } W % /K °F (P < 0. 05), LGS
(HLJE283-HLJ617 ) | fj QTL ik #% & 2% 7k
(P<0.01), AJ fift B¢ 32 BUAR 5 3R 53 i K 6. 54% |
6.98% .6.42% FI 8. 43% , H: v LG11 ( HLIE9-
HLJA44 ) 2y 0 %08, 73 A8 B A 0 1E 800 56 A 1A
B QTL, {7 F LG5 ( HLIE104-HLJ617 ) , LG10
( HLJ1144-HLJ1241 ), LG11 ( HLJ551-HLJ440 ) ,
LG19 ( HLJ1093-HLJ476 ), LG32 ( HLJ693-
HLJE490) |2 8.3 /KF- (P <0.05) , A fif e L B
A5 5 RN 5.92% ~ 7. 79% , LG7 ( HLIE588-
HLJ563 ) ik # i) & # KF- (P <0.01), n] fift B 3k
YA 5%k 8.95% , LG5, LG7,LG32 Jy 13 h ,
HAR 3 AR om0 ;3 AR Y QTL, i T
LG5 ( HLJE104-617 ) #1 LG7 ( HLJES88-HLJ563 )
EoREEKF(P<0.05), Al BERTAE RN
5.55% Fil 8.36% ,LG32 ( HLI693-HLJE490) |- ik
Wl K F- (P <0.01), AT fif B 3R AR S 6 0y
6.44% , ¥} 1F 15 5L .

£2 GridQTL &R
Tab.2 The results of GridQTL

E2N e ¥ i (A Fric IX 8] QTL 3 i FAg filt B R AL SRS %
trait linkage group location marker interval QTL effect F value phenotypic variation
SL LG5 27 ~38 HLJE104-HLJ617 1.407 3 +0.589 5.72° 5.14
LG7 23 ~30 HLJE588-HLJ563 1.6209 £0.51 10.2° 9.56
LGI19 4 ~10 HLJ1093-HLJ476  -1.386 5 +0.52 7.02° 6.47
LG32 0~22 HLJ693-HLJE449 2.0354 +0.66 9.36™ 9.02
BT LG5 1~38 HLJE284-HLJ617 0.46 +0.15 9.01™ 8.43
LG11 12 ~17 HLJE9-HLJ44 -0.37+0.14 7.07" 6.54
LGl11 35 ~38 HLJ177-HLJ551 -0.45+0.17 8.09" 6.98
LG32 0~22 HLJ693-HLJE499 0.47 £0.18 6.97" 6.42
H LG5 29 ~38 HLJE104-HLJ617 0.54 £0.21 6.48" 5.92
LG7 21 ~31 HLJES88-HLJ563 0.58 £0.19 9.55™ 8.95
LG10 81 ~ 88 HLJ1144-HLJ1241 -0.49 £0.19 6.85" 6.29
LGI11 37 ~50 HLJ551-HLJ440 -0.55+0.19 7.33" 6.78
LG19 0~9 HLJ1093-HLJ476 -0.56 0. 19 8.35" 7.79
LG32 0~22 HLJ693-HLJE490 0.64 +0.24 6.9" 6.34
W LG5 30 ~38 HLJE104-HLJ617 63.20 £25.56 6.11° 5.55
LG7 22 ~30 HLJE588-HLJ563 66.50 £22.25 8.94" 8.36
LG32 0~22 HLJ693-HLJE490 77.28 £29.23 6.99 " 6.44

T« KR FARS R KT (P <0.05), = IR F KB EE K- (P<0.01),

Notes: * indicates F-value at significant level( P <0.05) , =% indicates F-value at very significant level(P <0.01).
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Fig.1 Relative location and F-value graphs of four QTL intervals in six LGs

Different color represents different traits; dotted line represents significant level 1% ; solid line represents significant level 5% ; QTL

location of different color in LGs.
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3 ihg

QTL i # 4 4 B 42 76 3 # 4 F 39 A IR
i Ulloa 22V BFSE K B ,92 AN 25 AN AT 4
G BHE R 19 QTL 1 ,49% [ 4Eh F 2 AN e fa ik
KPS R, Wang 451 78 T 5 4 K MR QTL
BFEH R B, R i A K A4 K i QTL & T
LG2 b Lea37l Ric. ABFFEH 4 APk IE 46
WFE 17 A QTL, /345 T 6 DM IEBRE o B T4
5 LG10 iy QTL 4h, Hi4x 16 4~ QTL ¥4 A [H
FRHE I T B, A (A MR A AR (A (9 QTL X il , 52 BE
SR A A R . A AR B 4 A QTL A i
34 QTL HAFA&X, A/ 7 4 QTL R4k i
f9 3 A QTL [X [l A 2 A X i) . [ i), 55 32% B
PR BT IC a1 U 20 BT 1 45 S 0 M L, R R S A
XM HLJ44 1 HLIE9, ¥ {ii T LG11 k(1K &
QTL X [H] 4, 1 5 A K A JEE (A ik 3 Stk 12
A5 HLIS70, 45 LG11 |45 % QTL IX [i] —
B, XA 4 Fh IR B0 G B BOE 6,4 R
R G HE 5 R BOAE 0. 808 ~ 0. 953, 3y 4 %,
R AR AT A KPR QTL 4347 L 75
R 2536 , % BR 55 30 f5 A 52 240 S =5 A 5 1)
FRIC 14 A, T BIHEIR 10 AR 56 R 80K 0. 896,

2 WORC R B L 2 B R A S e th TR 2
R G D X TR A, — S F 5 R T A
PR QTL 48 7 2 £ T [ — e 0 4 1) 4 I7] 2% 4
SBIX B o ARAE QTL 5 s 5L, —SeRf e % HEie
— DA AR MR AR 1 R R T A 2
WA g i B B bR AR 6 B R L A
BESE P AT QTL [ i 5l 4 A4k bR 2 hy T
— DR R T A R S L R R B
KB Al o P B 2 o T T A 4 DR R AT
QTL F RN 77 Tl 1 2 R — B, F8 71 % R 3¢ 26 4 4R
QTL %4 5 1) S — Bk, X Fh B 5 5 48 g 1 27
BT 5 — B

AWFST 5 LA AR QTL 45 HL AR Hb 45 10 A5 4 T+l
B A 19 X, 404 T LG19 &K A A 19 QTL
X JA] 5 % 4k 21 25 LG3 |-k K M1 56 QTL [X ]
G070 D B RN LR T m SRl
f14 5 A K A 185 S 3 A 56 B HLTLLL, {3 A BT 58
LG19 F ik KAk R QTL X, {HALA %
5 LIk QTLs T &, K4 A 8 8 5 AL A> B bR ic
HH IR , SRR 4 A BIF 58 A B4 28 2 BE PR QTL f 1L

ST R I, QTL £ A [a] B 44 ] J2 A2 16 1, A i
14 DTk 6 A AS [ B A4 18] o, A7 7 22 55 (FLRE AR [R] A7
FEILEM QTL, R B FEH v 8 : 1) drid A
RAEELTA B Th A 280 AR H T
RS AR e YA S22 5, 7 — 1
AR QTL 7E Horp & A 73 B AL B B H FRON A
SEAAH A 52) i F SE A & 3 0 R 5k 0 A AN
o, AT AT BB ISR R A7 5 MR Y £ AL QTL
FREEN , R 248 QTL 5 FR &L I A& B % &
i, PR HEA QTL A —2;3) ik n] B & 4 il M
AR FROEE A R HEAAR S K R R, A
Bl o PR, R R R QTL & i i BE IR 5 & Fh
PRI TE AL 77 5% b — 3ok, 5% QTL 45 1
TR 7 T i S B A 8 5K R v i A A

ABEFE R F QTL X ] (1) 28 4~ F5 i (
1) 3 3 46 4 5 R 4 37 16 4 7 48 K 3 38 NCBI 4%
P P2 () BLAST 5 5 15 £a 3 [K 41 047 4% 1R 7 5 [
PEPE L o 255 5 AT A SRS L 4 B A
Wl JE & &, {0 {0 F HLIEI04 Xf [ F
APOLIPOPROTEIN L1 ( APOL1) % [ /Y 4 5 X,
{7 F B 5 #4 ) Chromosome2 , H: [7] i P4y 89% ,
HAxy 4 AR K BIFEIEIER  HLIE104 i TR K &
o AT R AUA R 4 Rk LR QTL X i), APO
Ll 2 ANEmHEEEADN KB T
APOLIPOPROTEIN L % j%, fi Duchateau 25"
1997 478 N ZE i R ME wp & B, 3% 3 77 76 T R 4%
Jili JEF O B S 5N e T g A
(HDL) {78 i S 4 il G 938 107 285 55 J7 T A %5 VDY
RN KR WS o T R G B R A
SEPKF B AR IE HR A Concha 251 7 fil
iR B ApoA-I [ figJly HDL (¥ —Fp 41 5 8 43 , =
5Bk N % . T APOLL £ 7K 7™ 8l ¥y 3 A
K- W9 2 AR WA G

ARSI DA TR 22 S B I 1) 2 B R G B R i 1)
LIHEHIIE S RN ARG T & A 92 T HRA K
M99 % ,300 X SSR Fic # ¢ T 35t % 3% 4 L 3 Of:
XK AE 4 P B MARIEAT T QTL & 07 43 B7 , 3k
7317 A~ QTL X [u] 433 5 4K 45 4 Fh & 55 R A
AEBEP R, MBRUAERENS5.15% ~
9.56% o B UCIE A 4 3 R 4 AT AE K AT
BLAST L xf, 15 8 76 A 2% HDL & % 40 Ji A% 47
APOLI [, 76 B R WF 50 JF A 18, LR
DIREE B IR T Bk — 2T 5T o It 25 0 05 PR 4 4 T
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Quantitative trait locus analysis of four economic traits in
one kind of common carp

LV Weihua, KUANG Youyi, ZHENG Xianhu, CAO Dingchen, LI Chao, LU Cuiyun, SUN Xiaowen"
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Abstract. In this study, the reference panel contained 92 individuals, which were a F2 family obtained by
mating of F1 hybrids derived from crossing Barbless carp( Cyprinus pellegrini) with Hebao-cold tolerance red
carp( Cyprinus carpio wuyuanensis) ,and the genetic linkage map was constructed with 300 microsatellites,
which was used to detect the QTLs for standard length ( SL) ,body thickness(BT) ,body height( H) and body
weight( W) in the panel by GridQTL software. The results showed that 17 related QTLs distributed in the 6
linkage groups were obtained. Four QTLs related to standard length, of which the linkage group of LG5,
LG7,LG19 and LG32 were at 5% significant level, but LG32 was at 1% significant level, accounting
5.14% ,10.2% ,7.02% ,9.36% of phenotypic variation, respectively. Four QTLs were identified for body
thickness in LG11,LG19, which were at 5% significant level, QTL based on LG5 1% was at significant
level ,accounting for 6. 54% ,6. 42% and 8. 43% of phenotypic variation, respectively. Six QTLs were
associated with body height in LG5 ,L.G7,LG10,LG11,LG19 and LG32. LG7 was at 1% significant level,
whereas the others were at 5% significant level, accounting 8. 95% ,6. 34% ,5.92% ,6.29% ,6. 78% ,
7.79% of phenotypic variation. Three QTLs were responsible for body weight and LG5,LG7 were at 5%
significant level and LG32 was at 1% significant level, which accounted for 6.44% ,5.55% ,8.36% . Hybrid
progenies crossed by two carp strains have been used in this study, which enriched the diversity of QTL
population. It is a foundation for further QTL comparative analysis with whole genome level,and common
QTL identification in different strains or breeds of carp. It will also be of great assistance in marker-assisted
selection( MAS) in common carp.
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