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Tab.1 Test of normal distribution for growth traits in Cyprinus carpio var. jian
trait X =SD kurtosis RV ()% P
BL /em 27.42+1.05 —-0.32 24.8~29.8 0.04 0.773
BH /cm 8.84+0.51 -0.49 8.0~9.9 0.06 0.1
BT /em 5.26+0.27 -0.73 4.8~5.8 0.05 0.065
2.2 HLJ3880 4.0 cM
, 772 SSR QTL 5 QTL LOD
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41.84%, HLJ CA BH-21-1 BH-36-1 HLJ2599 CA1115
42.77% 41.28%, HLJE 7 QTL , BT-10-1
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265 , 5 2 18.6% 18.9%, HLJ3311
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, 11 QTL LOD 3.5,
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LG1~LG44 1 381.592 cM, QTL
6.58 cM LG14 LG40 3
2~12 0~107.224 cM QTL R LG29
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23 QTL R QTL
3 QTL )
17 QTL 10 , ,
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3.17, 16.9%,
CA2117 2.242 cM 3 QTL ,
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QTL QTL ,
17 QTL, 10 LG14 1 QTL,
13 QTL , C28 2 QTL,
58.8%( 1, 3) QTL BL-14-1 : CA2263~CA2369,

F2 ERERKMEKQTL H4F

Tab.2 Analysis of QTL for growth traits in Cyprinus carpio var. jian

0
trait QTL LG posit/ii)l\: marker Lob variation "
BL-14-1 LG14 42.196 CA2263~CA2369 3.17 16.9
BL-29-1 LG29 1.657 CA1591 2.76 12.8
BL BL-30-1 LG30 0 HLJ3486 2.55 11.9
BL-40-1 LG40 12.040 HLJ1134-2(HLJ1132-2) 2.39 12.4
BH-14-1 LG14 22 HLJ614~HLJ3134 3.57 35.2
BH-20-1 LG20 14.919 CA1266~HLJ2772 5.07 34.7
BH-21-1 LG21 19.966 HLJ2599 2.26 17.3
BH BH-36-1 LG36 8.016 CAl115 3.84 17.2
BH-40-1 LG40 11 CA2447~HLJ468 2.99 16.1
BH-41-1 LG41 16 HLJ1320~HLJ2642 2.55 14.7
BT-5-1 LGS 13 HLJ797~CA2424 2.75 16.0
BT-10-1 LG10 55.064 HLJ3311 4.06 18.6
BT-14-1 LG14 24 HLJ614~CA2263 2.14 19.7
BT BT-20-1 LG20 13.919 CA1266~HLJ3544 3.37 19.2
BT-29-1 LG29 19.077 CA1124~HLJ2571 2.0 10.8
BT-36-1 LG36 3.599 HLJ3759 4.28 18.9
BT-40-1 LG40 12.040 HLJ1134-2(HLJ1132-2) 2.60 13.9
*3 BEUE5HE QTL RIRMELL
Tab.3 Comparative homologies QTL between C. carpio var. jian and C. carpio L.
C. carpio var. jian C. carpio L.
trait LOD LOD
QTL LG marker QTL LG marker
BL-14-1 LG14 3.17 CA2263~CA2369 BL’-28-1 C28 2.85 HLJ515~CA2263
BL’-28-2 C28 2.11 CA2263~HLJ2873
BL BL-29-1 LG29 2.76 CA1591 BL'-1-1 Cl 2.12 HLJ3654~CA2344
BL-30-1 LG30 2.55 HLJ3486 BL'-51-1 C51 2.0 HLJ3486~HLJ391
BH-14-1 LG14 3.57 HLJ614~HLJ3134 BH'-28-1 C28 3.25 HLJ515~CA2263
BH BH-36-1 LG36 3.84 CAL1115 BH'-38-1 C38 2.4 HLJ3407~HLJ3508
BT-5-1 LG5 2.75 HLJ797~CA2424 BT'-47-1 C47 2.36 HLJ2391~CA1112
BT-10-1 LG10 4.06 HLJ3311 BT'-30-1 C30 3.26 HLJ1985~HLJ1202
BT'-30-2 C30 2.8 HLJ1202~HLJ3939
BT BT’-30-3 C30 2.58 HLJ3939~HLIJ3833
BT-14-1 LG14 2.14 HLJ614~CA2263 BT’-28-1 C28 3.0 HLJ515~CA2263
BT-20-1 LG20 3.37 CA1266~HLJ3544 BT'-4-1 C4 2.32 HLJ3574~HLJ3853

BT-29-1 LG29 2.0 CA1124~HLJ2571 BT'-1-1 Cl1 3.29 CA1429~ HLJ2456
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Comparative homologies of QTL for growth traits of C.carpio var. jian and C.carpio L. (be continued)

“LG” means linkage group of Jian carp. “C” means linkage group of mirror carp.
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Fig.1 Comparative homologies of QTL for growth traits of C.carpio var. jian and C.carpio L.
“LG” means linkage group of Jian carp. “C” means linkage group of mirror carp.
QTL BL’-28-2 CA2263~ , 2 1 QTL,
HLJ2873 , BT-20-1 , BT’-4-1
, ; LG29 , ; LG29
Cl 1 QTL; , Cl 1 QTL
LG30 C51 , , QTL
2 1 QTL, , QTL
HLJ3486 LG14
QTL , LG14 3 QTL,
C28 1 QTL, C28 3 QTL;
BH-14-1 BH’-28-1 LG29 2 QTL,
CA2263 , , C1
QTL; LG36 C38 3 QTL
1 QTL 3
QTL , LG5
Cc47 , 2 3.1
1 QTL; LG10 C30
[7,9, 12-13, 19-23]
, LG10 1 QTL, )
C30 3 QTL; )
LG14 C28 1 AFLP RAPD ,
QTL; LG20 C4 )



1154

20
SSR
, s 43
, LG25 C5
QTL ,
772 , 198 SSR ,
, 323 50
, 41.84% )
QTL
3.3 QTL
40%~7009-10- 24] QTL
198 ’ ’
QTL ,
QTL QTL
39 , 95%
LOD , 17
50 [25]’ QTL 8 R
50 ’ 10% s 2 QTL
44 ( ), 30%, QTL
LG4 LG20 LG29 LG36 LG40
QTL , QTL ,
s ;
QTL
30
cM , QTL , 34 QTL
QTL
, QTL ,

, (Oncorhynchus mykiss)
(Salmo salar) (Salvelinus alpinus)3
B728 T1diko P
QTL
, QTL 2

QTL



6 QTL 1155
QTL QTL , S Sk
[1] , . [J1. , 2007,
QTL 31(3): 287-292.
(2] ;
[J1. , 2009, 26(5): 90-92.
’ K] , . EST-SSRs
10 QTL 13 [J1. ,2009, 16(1): 15-22.
QTL , 58.8% [4] , , , . QTL [J1.
, QTL ,2011, 30(4): 316-324.
’ QTL ’ [5] , , , . QTL
1. ,2012, 19(2): 189-195.
QTL > [6] , , , . QTL
s R QTL , . , 2011, 33(11): 1245-1250.
, [7] : , . .
’ QTL ’ QTL 1. ,2011, 33(12): 1366—1373.
(8] , ) ;o , )
> QTL [J. , 2010, 34(11):
QTL 1645-1655.
QTL , (9] , ; . QTL
3. ,2007,29(10): 1243—1248.
QTL ’ [10] , s , (Cyprinus carpio L )
> QTL 1. , 2009, 31(5):
, 508-514.
(1] , , . QTL
[J1. , 2012, 36(2):
’ ’ 177-196.
(marker assistant selection, MAS) [12] Zhang Y, Xu P, Lu C Y, et al. Genetic linkage mapping and
QTL analysis of muscle fiber-related QTLs in common carp
(Cyprinus carpio L.)[J]. Mar Biotechnol, 2011, 13(3): 376-392.
’ ’ [13] Xu Y L, Zhang X F, Zheng X H, et al. Studies on
’ quantitative trait loci related to superoxide dismutase in
> mirror carp (Cyprinus carpio L.)[J]. Aqu Res, doi:
, 10.1111/.1365-21 09.20 12.03 191.x.
[14] ) , ,
QTL [31- ,2012,21(3): 351-357.
QTL ’ [15] , , , (Cyprinus carpio var. Jian)
, QTL DNA . ,2012, 34(11): 1447-1455.
, [16] Li Y, Xu P, Zhao Z X, et al. Construction and characteri-
zation of the BAC library for common carp Cyprinus carpio
’ ’ L. and establishment of microsynteny with zebrafish Danio
17 QTL, rerio[J]. Mar Biotech, 2011, 13(4): 706-712.
10 QTL 5 [17] Van Ooijen J] W. JoinMap®4, Software for the calculation of
, QTL genetic linkage maps in experimental populations[M].
’ MAS , Wageningen: Kyazma BV, 2006.
[18] Van Ooijen J W, Boer M P, Jansen R C, et al. MapQTLS5.0:
QTL ’ software for the calculation of QTL positions on genetic
QTL QTL, maps[M]. Wageningen: Plant Research International, 2002.
QTL [19] Sun X W, Liang L Q. A genetic linkage map of common carp



1156 20

(Cyprinus carpio L.) and mapping of a locus associated with . , 2007, 22(10): 8-10.
cold tolerance[J]. Aquaculture, 2004, 238(1-4): 165-172. [26] Chagné D, Brown G, Lalanne C, et al. Comparative genome
[20] Cheng L, Liu L, Yu X, et al. A linkage map of common carp and QTL mapping between maritime and loblolly pines[J].
(Cyprinus carpio) based on AFLP and microsatellite Mol Breed, 2003, 12: 185-195.
markers[J]. Anim Genet , 2009, 41(2): 191-198. [27] Moghadam H K, Poissant J, Fotherby H, et al. Quantitative
[21] Zheng X H, Kuang Y Y, Zhang X F, et al. A genetic linkage trait loci for body weight, condition factor and age at sexual
map and comparative genome analysis of common carp maturation in Arctic charr (Salvelinus alpinus): comparative
(Cyprinus carpio L.) using microsatellites and SNPs[J]. Mol analysis with rainbow trout (Oncorhynchus mykiss) and
Genet Genomics, 2011, 286(3—4): 261-277. Atlantic salmon (Salmo salar)[J]. Mol Genet Genomics,
[22] s , , . 3] 2007, 277(6): 647-661.
, 2011, 20(5): 641-648. [28] Reid D P, Szanto A, Glebe B, et al. QTL for body weight
[23] , s , . F, AFLP and condition factor in Atlantic salmon (Salmo salar):
QTL . , 2010, comparative analysis with rainbow trout (Oncorhynchus
12(1): 92-99. mykiss) and Arctic charr (Salvelinus alpinus)[J]. Heredity,
[24] , , , . 2005, 94(2): 166—172.
1. , 2009, [29] Somorjai I M, Danzmann R G, Ferguson M M. Distribution
17(6): 979-987. of temperature tolerance quantitative trait loci in Arctic charr
[25] , s , . (Salvelinus alpinus) and inferred homologies in rainbow
Hypophthalmichthys molitrix (Cuvier et Valenciennes) trout (Oncorhynchus mykiss)[J]. Genetics, 2003, 165(3):
(Cyprinus carpio var. jian) (karyotype) 1443-1456.

QTL for growth traits in Jian carp and inferred homologies in
mirror carp
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Abstract: We used an F; population consisting of 94 individuals to construct a linkage map for Jian carp (Cyprinus
carpio var. jian) using 254 microsatellite markers. We identified 17 quantitative trait loci for body length, body
height, and body thickness on 10 linkage groups (LG), which explained 10.8%-35.2% of the phenotypic variance.
Comparative mapping between Jian carp and mirror carp (Cyprinus carpio L.) was used to assess the homology of
quantitative trait loci for growth traits based on the same markers. A comparative analysis revealed extensive
synteny or collinearity between the two varieties and each Jian carp LG showed homology towards a single mirror
carp LG, sharing two or more loci with mirror carp LG in most cases. Ten QTLs for growth traits in Jian carp were
conserved compared with 13 QTL for the same traits in mirror carp, accounting for 58.8% of the total. The QTL
confidence interval in mirror carp was more precise than the homologous interval in Jian carp, which was
generally contained within the QTL interval in Jian carp. Of note, we observed QTL rich regions on the LG in Jian
carp and mirror carp, where QTL affecting different traits were generally clustered. The orthologous rich regions
between the two varieties may represent “hot spots” for marker assisted selection. The detection of consensus QTL
provides a basis for marker assisted breeding and fine mapping in carp.
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