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Construction of genetic linkage map and QTL detection of chromo-
some 3 in sheep

ZHOU Ming-Liang, WU Deng-Jun, ZHANG Xiang-Yu
College of Animal Sci-Technology, Sichuan Agricultural University, Ya’an 625014, China

Abstract: Based on the reference family of Sichuan liangshan semi-fine sheep, the genetic linkage map was constructed
by Crimap 2.4 software, which was used to detect the QTLs for growth traits by QTLExpress with nine microsatellite
markers located on chromosome 3 in sheep. The results indicated that: (1) the mean of the polymorphic information content
was 0.606 (0.378—0.738), and the mean heterozygosity was 0.650 (0.404-0.766); (2) the length of the linkage map was
339.8 cM, which was longer than the length of map built by the international major drawing organization for sheep with the
average distance of markers of 42.5 cM; (3) The QTLs for weaning weight, weaning daily gain, and 2.5 year weight were
detected at 99 cM, 219 cM, 273 cM, respectively. The effect of QTLs on weaning daily gain trait and 2.5 year weight trait

were significant, except for weaning weight trait.
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Table 1 The primer sequences of the nine microsatellite markers

Locus Forward primer (5537 Reverse primer(5 3 T
BMS1350 F: GTGGTAATCGGAAAATGCAA R: ACTGTTGGGAGAATCACATTTC
OARCP0034 F: AGATGCTGCATGCAAATACA R: TGTTCAGGATATTAGTCACACACA
BMS1048 F: CCAACGGGTTAAAAGCACTG R: TTCCTGTTCCTTCCTCATCTG
RM150 F: TGGTTACCTGTCTGTCCTTGC R: TCCTCTGCCTAACCTTCCTG
ILSTS0049 F: TGGTGTGCTGAAAGGAAAGC R: TTGGCTGCTAAAAACACTGC
ILSTS22 F: AGTGCCACTGGTGTGAGTTCT R: TGGAAAAGGAAATGGCACTC
BMC1009 F: GCACCAGCAGAGAGGACATT R: ACCGGCTATTGTCCATCTTG
BMS1248 F: TGTAGCCTTTTGTGCCGAAT R: AAGACACACTCACCAACATGAGA
BM2830 F: AATGGGCGTATAAACACAGATG R: TGAGTCCTGTCACCATCAG
1.6
2
2.1
L L 202 ABI310 PCR
PIC=1-) R*- D>, 2R°P? =
i=1 =1 j=i+l ) 1
n-1 n
2y, Y RPA-pip)) 22
=l j=i+l 9
HZI_Z”: p2 2, 2 5 ,
i=1 )
n , Pi 1 , P ,
J ; 3, 3.9
Cervus2.0 , 0.404 0.766 ,
17 0.650, 0.378 0.738,
0.606 Botstein 1Y
Crimap2.42 ,
gen ., DOS PIC 05 ,
; prepare ; 4 PIC 025 ,
: .par, .dat, .joc ord, Build PIC 025 05
s ALL s 9 3
Fixed , Flips , 6
2.3
1.8 QTL 4
QTLExpress  QTL Haley 339.8 cM, 42.5 cM,
, internet BMS1350 OARCP0034 BMS1248 BM2830
(http://qtl.cap.ed.ac.uk), QTLExpress , 63.4 cM 66.2 cM,
1a. ILSTS22 BMC1009 , 9.1 ctM 5
Yi=ai+biXjt+e;; (LSSWS)3
Yii i ] , @ i
, b 1 QTL > Xij 5
j i , Bjj USDA-MARC
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Fig. 1 Automatic sequencing of microsatellite markers
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Table 2 Allele frequency of the nine microsatellite markers

[T

( )
Locus Allele(Frequency)

BMS1350 116(0.0678)  122(0.0256)  124(0.3462) 126(0.4139) 128(0.0568) 130(0.0403) 132(0.0165)
OARCP0034  76(0.1916)  78(0.1055)  80(0.1169)  82(0.0244)  84(0.3734)  86(0.1883)
BMS1048 96(0.0572)  98(0.7436)  104(0.0212) 106(0.1483) 108(0.0212) 110(0.0064) 116(0.0021)
RM150 130(0.3105) 132(0.0343) 144(0.3725) 146(0.0359) 148(0.1846) 150(0.0572) 158(0.0033)
ILSTS0049 198(0.0113) 200(0.2168) 204(0.0728) 206(0.3317) 208(0.3592) 210(0.0049) 216(0.0032)

ILSTS22 229(0.7346) 233(0.1327) 237(0.1327)

134(0.0092)

168(0.0016)

BMC1009 282(0.0016) 286(0.1100) 288(0.4013) 290(0.0615) 292(0.1197) 294(0.0728) 296(0.0421) 308(0.1909)

BMS1248 135(0.0082) 137(0.0033) 141(0.0410) 143(0.3230) 145(0.5738) 147(0.0393) 149(0.0115)

BM2830 116(0.2971) 118(0.0032) 120(0.3003) 122(0.1769) 124(0.1575) 126(0.0649)

136(0.0238)

46.5 cM, 6.28 cM;
SM4.2 50.1 cM, ,
5.82 cM; CSIRO ,
(2006 6 , Version 4.6) 60.3 cM, ,

7.6 cM s
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Table 3 Polymorphism information of the nine microsatellite markers

Locus N Hets Homs H PIC Null frequency
BMS1350 273 137 136 0.712 0.667 +0.1700
OARCP0034 308 247 61 0.760 0.724 -0.0264
BMS1048 236 100 136 0.404 0.378 —0.0055
RM150 306 221 85 0.739 0.695 —-0.0050
ILSTS0049 308 210 98 0.712 0.657 +0.0169
ILSTS22 308 125 183 0.426 0.386 +0.0241
BMC1009 308 237 71 0.766 0.738 -0.0038
BMS1248 305 129 176 0.566 0.492 +0.1435
BM2830 308 226 82 0.761 0.719 +0.0184
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Table 4 Linkage map on 3 chromosome in Liangshan semi-fine wool sheep

Locus Recombination rate Marker distance (cM) Position (cM) Informative meiosis

BMS1350 0.0 109
0.43 63.4

OARCP0034 63.4 168
0.37 46.6

BMS1048 110.0 63
0.29 333

RM150 143.3 140
0.28 32.1

ILSTS0049 175.4 140
0.35 42.9

ILSTS22 218.3 63
0.09 9.1

BMC1009 227.4 151
0.36 46.2

BMS1248 273.6 134
0.43 66.2

BM2830 339.8 142
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Table 5 Comparison of the main international maps with LSSWS

Locus LSSWS (cM) USDA-MARC (cM) CSIRO (cM) ROSLIN-SM4.2 (cM)
BMS1350 0 0 0 0
OARCP0034 63.4 25.7 312 343
BMS1048 110 53.4 62.9 67.6
RM150 1433 81.5 80.8 86
ILSTS0049 175.4 104.7 99.1 104.2
ILSTS22 2183 192.3 180.8 187.1
BMC1009 227.4 197.6 184.7 191.6
BMS1248 273.6 257.7 241.9 2512

BM2830 339.8 293.3 279.5 289.7
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Table 6 QTL analysis by QTLExpress
Pk QTL F F (0.95~0.99)
Traits Families  Marker interval Position QTL Effect Std err LR F Threshold (0.95-0.99)
ww 192 Ogiﬁcsigig‘l- 99 cM 22.67 15.62 9.73 1.49 1.81~2.57
WDG 192 éﬁgiégé 219 cM 0.72 1.11 14.96 2.49 1.84~4.02
25-YWo 188 e 273 M 32.18 28.63 15.04 2.51 1.89~2.48
Interval mapping Interval mapping
207 3.0
1.81 2.48
1.49 &
o £ 20 189 ( \
g 8
g 10 = \
>
1.0
0.0 1 60 2(?;0 3.00 460 . 1 60 20.0 360 460
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Fig. 2 QTL for weaning weight trait in 192 families by
QTLEXxpress
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3 192 REWY AEE QTLEXpress 45 R
Fig. 3 QTL for weaning daily gain trait in 192 families by
QTLEXxpress
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Fig. 4 QTL for 2.5-year weight trait in 188 families by
QTLEXxpress
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