2015 5 ,22(3):371-386
Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2015.14293

QTL
R, WA, B, AER, BE, ETE, A% mal, B
1. R 150070;
2. , 214081;
3. s 201306
HE: 1 (Cyprinus carpio L.) (190 ) (992 ) ,
QTL 54 , ,
83 , 54 QTL (Cyprinus carpio var. jian)
, 40 , 74.07%; , 22
(P<0.05), 55.00%; 22 QTL
, 18 1 (P<0.05), 30 ,
QTL QTL ,
QTL
: ; ; QTL;
PESES: S917 kAR ERD: A X EHE: 1005-8737-(2015)03-0371-16
(Cyprinus carpio L.) ,
, 20 80 ,
, ( : GS-01-003-2006)
( : GS01-003-2010)
(Cyprinus carpio var. mirror) ,
(Cyprinus carpio var. songpu mirror)
(Cyprinus carpio var. songpu red mirror) [
s QTL,
[2-6] ’ [7-10]
(Cyprinus carpio var. jian) (Cyprinus , QTL (www.carpbase.org),
carpio var. wuyuanensis) (Cyprinus carpio QTL
var. yuankiang) , R ,
, 99% ,
ks B H#A: 2014-07-11; 11T B#A: 2014-10-09.
HEEWE: 863 (2011AA100402-5); 948 (2011-G12);
(2014A05CGO1).
EEE N (1980-), , . E-mail: xtley 123@163.com
BIEES: . , . E-mail: sunxw2002@163.com



372 22
QTL , , ), QTL
QTL [ 89 QTL
, 54 54  QTL ,
QTL , QTL
, QTL 20 cM , QTL QTL 1
,  QTL 1.3 DNA PCR
QTL DNA, [13]
, QTL PCR 15 uL, : 10 mmol/L Tris-Cl (pH
[y 8.0) 50 mmol/L KCI 1.5 mmol/L MgCl, 200 pmol/L
QTL dNTP 0.3 pmol/L , 1U
(992 ) 81 Tag DNA 100 ng DNA
QTL 94°C 3 min; 94°C 30 s, 56C 30 s,
89 72°C 30s, 25 ; 72°C 5 min
; 8% ,
. QTL 0.1% , Gel-Pro Analyzer 4.5
; QTL
; 1.4
QTL , SPSS 19.0
; , GLM
L1 y=utgite, y .U , &
i , e Permutation
, 0.5~0.7 (10 000 ),
, 6 ; ;
190 tel Duncan
, 10 ,
, 30 647 ’
() 1 94 )
[12]’ (BW)
L) BH) (BT ?
(GB/T 18654.3—2008) 2.1
SPSS 19.0
1.2 QTL , 4
992 8], Shapiro-Wilk , P
4 QTL ( 0.05, ; Pearson 2



3 QTL 373
Cl1 C3 C4 C6 Cc7 Cc9
HLJ377 HLJ3750
0 CA1909 M HLJ3775 :',:f,"m A—HLJ416 HLJ487
5 HLJ3983 CA2110 HLI341 HL468
» HLY346. HLI2481 HLI2534 it cA2447
- HLJ1123 HLJ2682
20 HLI3720 g CA1325 :B% CAB71-1 HLJ1556 :szau
25 HLI2013 B CA1679 HLJ336 HLJ2532 cas77 B
30 HLJ3579 CA1537 HLJ3370 Pirriisd H/ nii2205 oyl 1
35 CA1602 HLJ2252 ca HLJ3436 = HLJ2305 e =
40 HLJ2121 CA1754 CA834 CABTI2 BN HLI2626 e
45 HLJ2896 =X HLI2056 gt e CA1763 O\ HLI2786 S
- 50 CA1811 pu HLJ3461 [ |2 HLJ2835 e aeas E\ Ghrase
- 55 catizs e HLI12026 a gy HLJ2246 H\ caza7
i — HLJ2382
60 HLI3S01 ] CA2240 HLJ2920 CA1423
65 CA1421 = CAts73 HLJ3880 HLJ3979 )\ cat298
70 CA1508 CAt762 HLJ2257 HLJ2303 HLJ3590 ll oy
- 75 CA2023 CA1963 o B, o HLJO55 CA873 CA2375
80 CA1591 HLJ3489 I I 2 II HLI3574 o HLU3697 @ || o son01 BT
85 CA908 catsr2 B woazrt 15 cA1568 "= [ hijasar
90 CA91 HLJ3434 HLJ3853 HLITeet
95 CA1259 HLI2772 CA1340 - cA2317
-~ 100 HLJ2650 CA1539 CA1915 1= HLJ2250
105 CA1880 CA752 1= HLJ534
—110 CA1429 CA254 jan) HLJ639
115 CA1876 HLJ3441 CA2320 o— HLJ3014
120 CA1812 HLJ3142 HLJ1275
125 HLJ2424 HLJ3294 HLI2170
130 CA781 HLJ2155 CA1808
135 CA780 HLJ3245 HLJ370
140 CA1353 CA1678 HLJ2490
HLJ2570 HLJO036
CA2377 HLJ2680
CA724 HLJ2803
HLJ2456 HLJ3289
HLJ2571
HLJ3654
HLJ3460
CA2344
CA1430
HLJ3849
C10 Cl13 Cl4 CI5 C19
HLJ690 HLJ3417
0 HLJ1147 HLJ3562 HLJ2619 HLJ3223 HLJ2994
5 HLJ1726 HLJ2659 HLJ3219
10 HLJ758 CA82 HLJ382
15 HLJ3718 HLJ2767 HLJ2439
20 HLJ3296 cazzis | = HLJ486 CA1116 CA670
Tl wme D=0 e i s
- 30 i
35 HLJ2389 HLJ1477 ns::: A HLJ1254
- 40 HLJ763 CA1708 I= HLJ2572
45 HLJ3656 MFW15 HLJ2225 CATSY e HLasase B2
50 CA2328 HLJ2537 HLJ3455 A == 786
= 55 HLJE314 HLJ2556 HLJ3507 2] HLI3368 é (ol HLJ3932
— 60 HLJ1563 CA1814 CA2392 CA1751 CA1572
— 65 CA1255-2 HLJ853 HLJ3673 HLJ129 ILJ2599
70 HLJ2352 CA2152-2 HLJ2282 12 noazs HLJ3454 |2
75 l:U HLJ2434 CA1852 . = |u7 HLI3568b w CAB82
80 cun'r I : HLJ3636 HLI3275 = = LJ3566 4 CA2137
85 HL3T47 = CA2384 CA2152a catsts, HLJ2688
— 90 HLJ2771 CA2299 HLJ2544 HLJ3866
— 95 HUGOSS HLJ3675 CA174 w CA963 CA999
-~ 100 CA1163 CA1598 catsas 0 B o raas HLJ668
=105 HLI2974 B0 HLJ2368 CA1950 é HLJ2148
110 L2831 < HLJS75 HLJ2300 suzsn HLJ1856
115 CA987 HLI2367 CA1276 HLJ594
120 CA1618 CA2208 HLJ2744
125 CA1541 HLJ3537
~130 HLJ2783
1% | fchass
- 140
s HLJ348
HLJ3709
HLJ4054
HLJ3907
CA2181
HLJ1185
HLJ340
C29 C42 C44 C45 C47 C48
HLJ2541 HLJ3874
-0 HLJ527 I HLJ444 F— CA883 HLJE625 HLJ519 cA213
-5 HLJ2181 HLJ3274 CA1569
=10 HLJ1313 [ HLJ1297 cA2260 HLJ117 CA1175
15 HLJ3136 L3562 CA2247 HLJ3526 CA1719
=20 CA1994 [V, cazass o) CA676 HLJ1336
- 25 CA1409 H— HLJ2808 H Ls2930 B < CA1758 CA2134 CA1766
30 CA1917 LV w3038 CA918 HLJ3625
35 HLJ3278 w HLJ2814 - HLJ293 CA1557 HLJ2164 CA926
- 40 HLJ3430 = CA1898 R CA2409 HLJ3587 By HLJE387
45 HLJ114 - HLJ2179 rvika CA1500 g C g Lu T g cA2424 B HLJ1944 I w I w
50 CA1906 [~ HLJ2143 Frors cA23s4 = el CA2005 el P=] B
- 55 HLJ2128 Hl-l3415 Ig HLI1es HLJ359 HLJ3524 CA1842
-~ 60 HLJ3586 HLJ3T70 vs] CAB84 . HLJ2351 HLI315
- 65 HLJ3096 Il ©O CA1971 — HLJ2533 Iw = W HLJ2391 :555"
=70 HLI2150 i < <= HLJ1306 HLJ3302 < —~ HLJ3827 3988
75 1 H— HLJ3504 CA1757 CA1112 HLJ2381
- 80 CA1448 [T HLJ157 — HLJ3773 HLJ3933 HLJ3733
85 HLJ2947 H— HLJ3470 HLJ3619 HLJ925 HLI3S75
90 HLJ3865 CA1639 HLU3444 HLJE499
CA660
95 CA679 g0
108 HLJ2258 HLJ3488 HLJES97
105 = HLJ3791
110
115
120
125
— 130
1% HLJ345
1 (BW) (SL) (BH) (BT)4 QTL

Fig. 1

(BT) in mirror carp
The markers in red on linkage groups are significantly associated with growth traits.

Position of QTL intervals and markers associated with body weight (BW), body length (SL), body height (BH), and body thickness
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(=0.970), HLJ2300 CA1639 4
(=0.759), (P<0.01); HLJ2891 HLJ2387 CA1677
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2.2 QTL CA1876 CA1812 HLI3271 6
992 (P<0.05); HLJ3579 HLI3673
81 CA2413 (P<0.05);
QTL 17 CA1448 CA679
( (1) QTL (P<0.05); HLJ526 (P<0.05);
89 54  QTL HLJ1306 (P<0.05);
(P<0.05)( 1, 2, HLJ2424 CA2377 HLI2456 12
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Tab.1 Measurement results and phenotypic correlation coefficients among body weight, body length, body height, and body
thickness of Cyprinus carpio L. and C. carpio var. jian

strain trait

X £SD skewness kurtosis

» correlation coefficient

maximum minimum body body body

weight length height

/gbody weight  168.46+42.71 0.551  —0.126  297.00  88.90  0.056
/embody length  16.09+1.34  0.119  —0.345  19.90 1273  0.634  0.912"

iw“f /em body height 6.85£0.85  0.198  —0.339 8.74 558 0235 0970  0.853"
/em body thickness  3.53+0.32  0.576 0.309 4.49 2.80 0.073  0.856" 0.700" 0.869"
/gbody weight  624.74+71.86  0.325  —0.359 79230  469.70  0.132

C ar /embody length ~ 27.42+1.05  0.080  —0.320  29.80 2480  0.773  0.759"

pio var. /ecm body height 8.84+0.51  0.260  —0.490 9.90 5.90 0.100  0.483" 0.393"

Jian /em body thickness ~ 5.26:027  0.090  —0.730 5.80 480 0065 0.698°  0.6637 0514
(P<0.01).

Note: “denotes extremely significant correlation among growth traits (P<0.01).
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Tab.2 The markers associated significantly with traits by permutation test based on GLM model
GenBank . .
QTL mirror carp Jian carp
linkage QTL
group marker  ,ccession no. body body body body body body body body
weight length height thickness weight length height thickness
Cl HLJ3579 IN687044 * * * *
CA1876 IN687306 * * ** / / / /
CA1812 / * * * / / / /
HLJ2424 / * * *
CA2377 / * *
CA724 IN687425 *x * wok ok *
HLJ2456 / * * *
HLJ3460 IN687012 * * * * / / / /
C3 CA752 IN687430 *
CA254 / * ** * * / / / /
HLJ3289 / * * * * / / / /
C4 HLJ3271 IN686976 * * * ok * *E HE
C6 HLJ639 IN687178 *
C7 HLJ2891 IN686924 * * *
C9 HLJ2387 JF764869 * * *
CA1677 IN687273 * * * * *
CA1822 IN687296 * * * / / / /
C10 CA1541 IN687249 * * * * *
HLJ2783 IN686908 * * * *
CA1765 IN687289 *x * *x * / / / /
CA2181 IN687346 * * *
Cl13 CA2278 / * * * *
Cl4 HLJ3455 / * ** * ** / / / /
CA2392 IN687395 * / / / /
HLJ3673 / * * / / / /
CA1846 IN687301 * *x * *x *
CA1950 IJN687318 ** ** ** ** *
HLJ2300 JE764854 *x o ok ok
CAI1276 / * * * * *
C15 CAll16 IN687201 * * *
HLJ526 FJ418838 * ** / / / /
CA2413 / * * *
HLJ1843 IN686808 ** ** * * / / / /
HLJ3366 IN686990 * ** * * * *
HLJ2474 JE764878 * *
C19 HLJ1254 EU861347 *
CAR882 IN687449 * * * * / / / /
CA2137 JN687339 * * * * *
C29 HLJ114 / * *
CA1448 IN687236 * *
HLJ3865 IN687120 * * ** **
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2 tab. 2 continued

GenBank . .
QTL mirror carp Jian carp
linkage QTL
group marker  , cession No. body body body body body body body body
weight length height thickness weight length height thickness
C42 HLI3770 / * * o ¥
HLJ1306 JF764912 * *
C44 CA2260 IN687365 * * *
CA2249 IN687362 * * * * *
C45 CA1557 IN687251 * * * ok *
CA2409 IN687396 ok * ok *% %
CA1500 IJN687239 ** * ok o
HLJ3619 / * / / / /
CA1639 IN687268 o * ok E *
CA679 / * ok
C48 HLJ1944 IN686812 * * * o *
HLJ3754 JN687088 *
L (P<0.05), ** (P<0.01),/ ,

Note: *denotes the marker significant associated with the trait (P<0.05). **denotes the marker extremely significant associated with the trait
(P<0.01). / denotes the marker is mono-polymorphic in the family. The blank denotes no correlation between the marker and the trait.

2
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4 4 22
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>
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2 b

50.00%; CA2377 HLJ639  HLJ3455 10 RAPD (5N1451c¢) 5
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Tab.3 Means and multiple comparisons of body weight, body length, body height, and body thickness with different geno-
typs in 54 microsatellite markers in Cyprinus carpio L.

X =SD
/g /cm /cm /em
marker genotype number body weight body length body height body thickness preferred allele

HLJ3579 AA 42 159.58+35.53° 15.92+1.17% A
AB® 43 177.65+39.92° 16.31£1.10%
AC? 51 178.44+47.94° 16.40+1.45°
BC 54 159.55+42.30° 15.78+1.47*

CA1876 AA 49 161.00+39.55% 6.78+0.60" 3.44+0.28" C
AB 48 159.92+44.38° 6.76+0.68" 3.46+0.30"
AC? 47 179.16+44.55° 7.08+0.66° 3.62+0.34°
BC? 46 174.98+42.37% 7.02+0.63% 3.61+0.32°

CA1812 AA 49 160.27+39.45° 6.78+0.60" 3.44+0.28" B
AB 92 167.73+£43.08% 6.89+0.66™ 3.53+0.32%
BB* 49 178.84+44.39° 7.08+0.66° 3.62+0.33°

HLJ2424 AA 49 3.45+0.29" B
AB 94 3.53+0.32%
BB 47 3.60+0.31°

CA2377 AA® 51 3.64+0.34° A
AB* 90 3.61+0.32°
BB 49 3.45+0.26"

CA724 AA 49 159.91+39.32° 15.94+1.26% 6.76+0.58% 3.44+0.28° C
AB 49 155.74+41.07° 15.72+1.37° 6.70+0.64° 3.45+0.30"
AC? 47 175.58+43.73% 16.33+1.46° 7.03+0.67° 3.59+0.32°
BC* 45 185.36+44.09° 16.44+1.28° 7.19+0.64° 3.65+0.33%

HLJ2456 AA® 53 3.59+0.28° A
AB 95 3.524+0.32%
BB 42 3.46+0.33"

HLJ3460 AAL 90 176.31+44.13 16.34+1.35 7.03+0.66 3.58+0.34 A
AB 100 161.39+£40.31 15.86+1.31 6.80+0.61 3.48+0.29

CA752 AA 43 6.78+0.70™ A
AB 50 6.91+0.58%
AC* 55 7.04+0.72°
BC 42 6.61+0.50"

CA254 AA 49 154.06+43.42° 15.58+1.33% 6.71£0.65" 3.44+0.35" B
AB* 92 176.80+44.59° 16.37+1.39° 7.02+0.69° 3.57+0.31°
BB 49 164.13+£35.81% 15.95+1.19% 6.86+0.56™ 3.52+0.28%

HLJ3289 AA 50 164.04+41.32° 15.96+1.32° 6.84+0.62° 3.49+0.30" A/B
AB* 88 182.38+50.47° 16.49+1.53° 7.10£0.76° 3.62+0.36°
BB 52 163.70+35.36° 15.95+£1.17* 6.86+0.56" 3.51+0.28"

HLJ3271 AC* 6 208.35+83.63° 7.42+0.64° 3.84+0.66° A
AD* 46 172.93+£39.29% 7.01£0.59° 3.60+0.30™
BC 87 169.35+41.45° 6.93+0.64™ 3.53+0.30"

BD 51 159.32+43.47% 6.75+0.65° 3.44+0.30°
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3 tab. 3 continued

/g /cm /cm /cm
marker genotype number body weight body length body height body thickness preferred allele

HLJ639 AA® 34 3.59+0.36™ A
AB* 61 3.61+0.30°
AC 43 3.47+0.32°
BC 52 3.46+0.28"

HLJ2891 AA 47 165.50+45.59* 16.11+1.38% 6.84+0.70™ B
AB 48 164.96+42.70* 15.98+1.43% 6.89+0.64™
AC 50 156.56+39.34° 15.62+1.32° 6.72+0.64"
BC* 45 179.28+37.66° 16.43+1.07° 7.09+0.55°

HLJ2387 ACH 55 179.54+44.07° 16.42+1.25° 7.08+0.62° C
AD 40 169.59+43.32% 16.04+1.45% 6.92+0.63%
BC* 46 169.02+41.45% 16.14+1.43% 6.94+0.61%
BD 49 155.96+38.54* 15.73+1.21° 6.71£0.65"

CA1677 AA® 96 173.80+43.76 16.27+1.37 7.01+0.64 A
AB 94 162.91+41.56 15.91+1.32 6.81+0.65

CA1822 AA 94 164.23+42.10 15.92+1.37 6.85+0.65 B
AB* 96 176.07+41.77 16.32+1.27 7.040.62

CA1541 AA® 99 175.38+46.74 16.27+1.44 7.02+0.68 3.57+0.33 A
AB 91 160.14+35.78 15.88+1.17 6.79+0.58 3.48+0.30

HLJ2783 AC* 51 182.49+43.87° 16.50+1.20° 7.11£0.64° 3.61+0.33° C
AD 47 157.96+35.12° 15.79+1.24* 6.78+0.56" 3.5040.31%
BC 38 167.99+40.58 16.11+1.28% 6.92+0.64™ 3.52+0.29*
BD 54 160.65+37.10° 15.83+1.32° 6.79+0.57" 3.46+0.27"

CA1765 AA® 90 178.19+47.40 16.35+1.41 7.060.70 3.58+0.34 A
AB 100 160.22+36.88 15.85+1.26 6.79+0.58 3.48+0.29

CA2181 AA 100 163.09+40.08 6.83+0.62 3.49+0.29 B
AB? 90 175.06+45.14 7.010.67 3.58+0.34

CA2278 AA® 42 179.17+45.57° 16.37+1.33" 7.07+0.68° 3.63+0.33° A
AB 88 159.60+39.16° 15.85+1.23% 6.79+0.60" 3.46+0.31°
BB 60 173.96+43.69* 16.24+1.48" 6.97+0.66™ 3.56+0.29%

HLJ3455 AA® 42 173.57+40.46 16.28+1.16% 7.02+0.64™ 3.61+0.33" A
AB* 51 178.55+42.58° 16.50+1.37° 7.05+0.64° 3.61+0.31°
BB 97 160.62+42.73* 15.77+1.34* 6.79+0.64" 3.45+0.30"

CA2392 AA® 40 3.58+0.34° A
AB* 48 3.55+0.31%
AC 51 3.43+0.26"
BC 51 3.47+0.28%

HLJ3673 AA 51 162.71+43.86° 15.81+£1.38" B
AB 100 166.73+42.71% 16.03+1.41%
BB* 39 183.48+39.19° 16.71+1.14°

HLJ2282 AA 54 152.86+32.77° 15.64+1.19* 6.68+0.54" 3.41+0.23" B
AB* 90 170.44+44.07* 16.08+1.33% 6.95+0.66™ 3.56+0.32%
BB* 46 179.62+44.94° 16.46+1.39° 7.09+0.67° 3.60+0.35°
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3 tab. 3 continued

/g /cm /cm /cm
marker genotype number body weight body length body height body thickness preferred allele

CA1846 AC* 45 178.55+41.40% 16.46+1.36° 7.06+0.62° 3.61+0.31° C
AD 48 161.44+44.89 15.78+1.35" 6.80+0.67™ 3.49+0.31%
BC* 42 180.47+46.93° 16.56+1.39" 7.09+0.72° 3.62+0.35°
BD 55 158.08+36.49° 15.72+1.18° 6.76+0.56" 3.43+0.26"

CA1950 AA 47 158.73+43.55° 15.71%1.30° 6.76+0.66" 3.47+0.30° C
AB 50 156.13+36.02° 15.66+1.16 6.73+0.54* 3.424+0.24°
AC? 43 184.21+44.56" 16.58+1.33° 7.1440.67° 3.63+0.35°
BC* 50 177.33+44.24° 16.48+1.40° 7.06+0.70° 3.62+0.35°

HLJ2300 AA 100 159.46+39.21 15.78+1.22 6.78+0.59 3.46+£0.27 B
AB? 90 179.04+44.56 16.46+1.38 7.07+0.68 3.60+0.35

CA1276 AA® 38 180.06+39.10° 16.46+1.21° 7.1240.61° 3.62+0.34° A
AB 105 168.01+41.42% 16.10+1.38% 6.89+0.63™ 3.51+0.30%
BB 47 158.36+43.33" 15.73+1.26° 6.77+0.64° 3.48+0.30"

CAI1116 AA® 96 174.95+45.65 16.28+1.40 6.99+0.71 A
AB 94 161.90+38.43 15.89+1.26 6.83+0.57

HLJ526 AA® 38 171.37+37.76® 3.58+0.27% A
AB 53 162.13+41.46 3.45+0.27"
AC? 46 180.61+42.44° 3.65+0.31°
BC 53 160.89+45.11° 3.46+0.36"

CA2413 AA® 54 174.89+45.15° 16.43+1.38° A
AB® 46 175.22+45.30° 16.21£1.29%
BB 90 160.40+38.94* 15.80+1.31°

HLJ1843 AA® 97 177.21+44.33 16.39+1.30 7.03+0.68 3.58+0.36 A
AB 93 159.78439.11 15.79+1.33 6.80+0.58 3.48+0.25

HLJ3366 AA 92 160.80+38.77 15.82+1.30 6.82+0.57 3.49+0.25 B
AB? 98 175.85+44.96 16.34+1.33 7.00+0.69 3.57+£0.36

HLJ2474 AAL 50 16.34+1.48° A
AB® 88 16.16+1.26°
BB 52 15.66+1.30°

HLJ1254 AA 57 15.94+1.41° B
AB? 42 16.17+1.28%
AC 48 15.76+1.26°
BC* 43 16.55+1.33°

CA882 AC 58 164.67+44.76™ 15.93+1.37° 6.84+0.72% 3.524+0.32% B
AD 46 157.67+34.70° 15.72+1.22° 6.78+0.54" 3.44+0.28"
BC? 42 182.30+42.62° 16.54+1.29° 7.11£0.56° 3.61+0.33"
BD* 44 173.03+45.14% 16.28+1.38% 6.97+0.69™ 3.57+0.31%°

CA2137 AC 43 152.55+32.58° 15.501.08" 6.70+0.54* 3.40+0.27" B/D
AD? 44 177.59+41.42° 16.39+1.14° 7.06%0.58° 3.58+0.34°
BC* 44 171.80+47.28° 16.24+1.50° 6.94+0.71° 3.57+0.32°
BD 59 167.07+£43.60™ 16.08+1.44° 6.87+0.69™ 3.52+0.31%

HLJ114 AC 45 16.10+1.17% D
AD 44 15.99+1.15%
BC 52 15.80+1.38"
BD* 49 16.49+1.42°

CA1448 AC? 41 175.52+38.52% 7.00£0.58% D
AD 46 163.57+45.20% 6.86+0.68
BC 52 156.32+37.11° 6.70+0.60"

BD* 51 178.70+46.60° 7.06+0.68°
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3 tab. 3 continued

/g /cm /cm /cm
marker genotype number body weight body length body height body thickness preferred allele

HLJ3865 AA® 50 6.98+0.60° C
AB 47 6.50+0.50"
AC 40 6.81+0.62"
BC* 53 7.00+0.70°

HLJ3770 AC 35 147.62+40.16 15.48+1.48° 6.59+0.63" 3.39+0.27° D
AD* 61 173.93+41.40° 16.22+1.34° 7.04+0.60° 3.56+0.29%
BC 53 170.03+42.72° 16.15+1.28° 6.91+0.66™ 3.5240.31%
BD* 41 176.09+42.61° 16.31x1.20° 7.00+£0.65° 3.61+0.37°

HLJ1306 AA 45 6.73+0.71° 3.42+0.29" A
AB* 46 7.07+0.61° 3.6240.33°
AC? 50 6.99+0.60™ 3.56+0.28°
BC 49 6.88+0.62" 3.52+0.32%

CA2260 AA® 41 184.42+42.01° 7.14+0.65° 3.64+0.33" A
AB 50 160.41+42.25° 6.77+0.62° 3.45+0.30°
AC? 43 174.11+47.01% 7.00+0.70% 3.57+0.36%
BC 56 164.46+36.75" 6.874+0.57% 3.51+0.26%

CA2249 AC 49 165.16+£36.24™ 7.00+0.58% 3.50+0.26™ B
AD 44 156.51+39.73° 6.73+0.59" 3.45+0.28"
BC* 52 174.15+£48.32* 7.00+£0.72% 3.57+0.36™
BD* 45 181.84+44.28° 7.08+0.69° 3.62+0.35°

CA1557 AA® 91 176.56+44.81 16.29+1.32 7.040.69 3.60+0.35 A
AB 99 160.85+40.64 15.87+1.34 6.80+0.61 3.47+0.29

CA2409 AA® 88 178.40+43.27 16.32+1.31 7.08+0.66 3.61+0.33 A
AB 102 159.60+40.92 15.88+1.36 6.76£0.61 3.45+0.28

CA1500 AA® 9] 178.90+45.28 16.33+1.32 7.08+0.69 3.62+0.35 A
AB 99 159.87+38.30 15.89+1.34 6.77+£0.57 3.46+0.26

HLJ3619 AA 47 3.56+0.28% B
AB 104 3.48+0.32"
BB 39 3.66+0.32°

CA1639 AC 54 151.73+34.63° 15.59+1.20° 6.64+0.54* 3.36+0.24" B/D
AD* 50 178.49+43.32° 16.42+1.32° 7.06%0.63° 3.62+0.30"
BC* 35 176.24+38.87° 16.24+1.16° 7.07+0.60° 3.62+0.31°
BD* 51 175.82+47.94° 16.30+1.50° 7.03+0.72° 3.59+0.34°

CA679 AA® 53 179.75+42.08° 7.1120.63° A
AB 90 159.74+43.37° 6.76+0.68"
BB 47 168.68+39.69 6.94+0.54%

HLJ1944 AA 41 152.14+39.81° 15.68+1.41° 6.64+0.57" 3.36+0.27° C
AB 49 163.53+£35.46™ 15.98+1.25% 6.88+0.56™ 3.50+0.26°
AC* 46 178.81+48.46° 16.28+1.40° 7.04+0.76° 3.60+0.36°
BC* 54 176.98+42.38" 16.34+1.28° 7.04+0.62° 3.624+0.31°

HLJ3754 AA 37 3.39+0.32° C
AB 49 3.52+0.29°
AC* 52 3.59+0.31°
BC* 52 3.55+0.31°

(P<0.05); 4

Note: Values with different superscripts in the same column are significantly different(P<0.05). The genotype with superscript of triangle is
the preferred genotype with traits.
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Tab.4 Means and multiple comparisons of body weight, body length, body height, and body thickness with different geno-
typs in 22 microsatellite markers in Cyprinus carpio var. jian

X =SD
/g /cm /cm /cm
marker genotype number body weight body length body height body thickness preferred allele

HLJ3579 AC? 22 631.73+68.84% 27.71x1.11° A/D
AD* 17 640.32+67.57° 27.72+0.92°
BC 22 591.79+56.41° 26.85+0.82°
BD* 33 635.14+81.50" 27.45+1.10™

HLJ2424 AB 39 8.71+0.60 5.18+0.28 B
BB 55 8.9440.41 5.32+0.25

CA2377 AA 55 27.21£1.05 B
AB* 39 27.714+1.00

CA724 AB® 19 27.66+1.16° A
AC* 18 27.74+0.91°
BD 18 27.07+1.19°
CD 39 27.30+0.96*

HLJ2456 AB 39 27.32+0.96% 8.94+0.45° B
AC 19 27.07+1.15° 8.85+0.42%
BC* 19 27.83+1.01° 8.87+0.36™
cC 17 27.56+1.10® 8.58+0.76"

HLI3271 AB 26 588.53+47.46" 26.85+0.95° 8.65+0.28" 5.08+0.21° C/D
AC 22 626.14+57.50" 27.48+1.08" 8.91+0.31* 5.30+0.25%
BD 22 611.73+65.78% 27.29+0.84% 8.81+0.36™ 5.28+0.25%
cp? 24 665.48+86.98° 27.86+1.13° 9.12+0.51° 5.37+0.30°

CA1677 AB 43 613.84+66.09 8.75+0.58 C
BC? 51 634.14+76.32 8.92+0.43

CA1541 AB* 19 27.49+1.28% B
AC 24 27.06%1.07°
BC? 19 27.76+0.92°
cc 32 27.39+0.89%

CA1846 AC? 18 8.92+0.40° C
AD 26 8.62+0.69"
BC* 19 8.94+0.33°
BD* 31 8.93+0.42°

CA1950 AA 28 8.91+0.44% A/IC
AB 25 8.62+0.70°
AC 22 8.97+0.32°
BC 19 8.90+0.40%

CA1276 AB* 49 8.94+0.42 A
BB 45 8.76%0.60

CA2413 AB? 46 641.42+73.32 A
BB 48 608.87+68.10

HLJ3366 AA 25 578.53+59.22¢ 26.9340.90° B
AB? 24 637.09+67.85° 27.68+1.01°
AC 23 638.62+81.88° 27.3641.22%

BC* 22 648.94+64.15° 27.72+0.98°
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4 tab. 4 continued

/g /cm /cm /cm
marker genotype number body weight body length body height body thickness preferred allele

HLJ2474 AA 26 8.82+0.40% A
AB* 48 8.91+0.40°
BB 20 8.5840.78"

CA2137 BC? 46 635.94+80.43 B
AC 48 614.68+62.68

HLJ114 AB® 24 650.90+80.68° A/B
AD 15 626.11+£66.01%
BC 22 627.65+73.59"
CD 33 603.83+£63.41°

HLJ3865 AC 23 614.54+70.34% 8.72+0.37° 5.18+0.24° A/D
AD* 28 649.22+84.01° 9.11+0.45° 5.42+0.25"
BC 19 603.13+£54.64° 8.71+0.32° 5.17+0.27
BD 24 623.04+66.60% 8.75+0.68" 5.24+0.27

CA2249 AB 29 611.99+79.50% 5.22+0.27% B
AC 20 637.08+69.16™ 5.33+£0.26™
BD? 20 655.92+75.72° 5.40+0.26°
CD 25 606.06+54.80° 5.16+0.25°

CA1557 BC 56 27.26+1.11 A
AC* 38 27.61+0.94

CA2409 AA® 37 8.96+0.41 A
AB 57 8.77+0.55

CA1639 AA® 27 8.91+0.39* A
AB 24 8.64+0.69"
AC? 24 8.96+0.41°
BC 19 8.86+0.46™

HLJ1944 AA 49 27.26%1.10 B
AB* 45 27.59+0.98

(P<0.05);

A

Note: Values with different superscripts in the same column are significantly different (P<0.05). The genotype with superscript of triangle is

the preferred genotype with traits.
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Analysis of shared QTLs and preferred genotypes between mirror
carp and Jian carp
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Abstract: Common carp (Cyprinus carpio L.) is an important economic fish species with very rich resources, which
have been used to develop many carp varieties in China. Because of the significant differences in the genetic back-
ground among varieties, quantitative trait loci (QTLs) detected from one variety are difficult to use directly in another
variety. In addition, it is impossible to construct a genetic map and detect QTL markers affecting important traits in
every variety. Thus, it is a good selection strategy to verify QTLs in one variety and identify shared QTL markers. The
methods will save time and money and can be used to detect QTLs quickly in different varieties. Mirror carp (Cyprinus
carpio L.) and Jian carp (Cyprinus carpio var. jian) are two important Chinese aquaculture varieties that play an impor-
tant role in selective breeding. Significant differences in body shape, growth rate, and growth scale have been found
between Jian carp and mirror carp. Thousands of QTLs affecting important traits have been detected recently in differ-
ent mirror carp panels. However, the number of Jian carp QTLs is very limited. In this study, 89 microsatellite markers
were selected to identify markers associated with mirror carp traits. These markers were located at overlaps or flanks of
QTL interval peaks affecting body weight, standard length, body height, and body thickness based on a genetic map
containing 992 microsatellite markers. As a result, 54 QTL markers and 83 preferred genotypes were identified by as-
sessing the contribution of different genotypes on traits. In addition, a mapping population containing 94 Jian carp was
analyzed using these 54 QTL markers. Forty markers were polymorphic in Jian carp, with a percentage of 74.07%,
which was higher than that of randomly selected markers. Correlation analysis results indicated that 22 markers were
shared QTLs between mirror carp and Jian carp, and 18 of the shared markers were significantly correlated with the
same trait in the two carp. Thirty preferred genotypes were detected in Jian carp, which will be useful for a
marker-associated selection breeding program. The QTLs shared between strains can be used to reduce the effort and
cost of QTL mapping in new common carp varieties.

Key words: Cyprinus carpio L.; Cyprinus carpio var. jian; shared QTL; preferred genotype
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