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Correlation Analysis of Microsatellite DNA Markers with Some Substantial Economic
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Abstract: For selection and breeding of multiple objective traits in production practice, the eco-
nomic traits of Liaoning new line cashmere goat were analyzed by 125 microsatellite loci on the
whole 29 chromosomes. The association among three economic traits (body weight, cashmere
yield and cashmere fineness) and the marker genotypes was analyzed. The results showed that
there were 111 microsatellite loci showing high polymorphism (PIC>0.5) and 4 microsatellite
loci showing intermediate polymorphism(0. 25<CPIC<C0. 5) ,and 10 loci include BM1312 showing
monomorphism. Effects of 115 polymorphic microsatellite loci on economic traits were also ana-
lyzed. The genotypes which favorably affect the three economic traits (body weight, cashmere
yield and cashmere fineness) were found. Especially, DE at MoM064 (112-117 bp) was favorable
genotype for cashmere fineness and cashmere yield. This research provides an experimental basis
for selection and breeding of multiple objective traits in production practice.
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Statistical indicators of 115 microsatellite loci of the high-yield of cashmere goat

B4 Locus aiG g A R S P B Aa ZEEEE R
Pure fitness Effective number of alleles Heterozygosity Polymorphism information content
MAFO64 0.2955 2.524 0 0.704 5 0.624 7
LSCV13 0.261 4 3.268 2 0.738 6 0.682 1
INRAO11 0.431 8 2.713 4 0.568 2 0.510 9
CSSM11 0.488 6 4.074°7 0.511 4 0.475 1
LSCV37 0.136 4 3.168 6 0.863 6 0.821 4
IDVGA64 0.397 7 4.166 8 0.602 3 0.576 8
LCCV24 0.136 4 4.162 3 0.863 6 0.815 3
I1L.STS082 0.261 4 3.180 9 0.738 6 0.706 3
BMS2782 0.159 1 3.755 6 0.840 9 0. 804 6
McMO058 0.022 7 4.185 9 0.977 3 0.704 9
BMS1788 0.068 2 5.344 4 0.931 8 0.786 0
LSCV15 0.147 7 5.451 6 0.852 3 0.760 1
OarHH35 0.0217 6.2251 0.978 3 0.820 0
CSSM54 0.011 4 5.088 0 0.988 6 0.774 0
MAF070 0.1137 5.963 8 0.896 3 0.686 3
MAF050 0.034 1 3.888 5 0.965 9 0.703 3
McM218 0.045 5 4.938 8 0.954 5 0.769 3
BMS1248 0.068 2 5.411 6 0.931 8 0.770 5
BM2830 0.227 3 3.995 9 0.772°7 0.713 1
IL.STS034 0.102 3 3.810 1 0.897 7 0.696 1
LSCV25 0.136 4 3.656 3 0.863 6 0.682 2
RM188 0.206 8 5.787 17 0.710 9 0.631 4
OarHH64 0.1511 4.156 8 0.830 1 0.752 1
McMO073 0.104 6 3.256 1 0.9511 0.611 3
BM1329 0.084 0 5.375 2 0.916 0 0.787 4
BM0143 0.084 0 5.804 9 0.916 0 0.806 1
BMO0415 0.109 2 6.396 1 0.890 8 0.8237
BMS2258 0. 000 0 4.4350 1. 000 0 0.740 4
INRABERN192 0. 000 0 5.057 5 1.000 0 0.773 7
McM527 0.025 2 4.707 8 0.974 8 0.754 8
INRA129 0.096 4 4.765 8 0.857 9 0.6859
MoMO064 0.210 6 5.026 8 0.867 2 0.684 6
HELO4 0.165 2 3.864 5 0.794 3 0.786 5
CSSMA47 0.089 2 4.236 7 0.986 9 0.594 6
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Pure fitness Effective number of alleles Heterozygosity Polymorphism information content
BM4208 0.092 4 3.836 1 0.907 6 0.690 7
INRA144 0.210 1 4.085 1 0.789 9 0.711 6
LSCV55 0.126 1 4,049 5 0.873 9 0.713 0
BM2504 0.142 9 3.539 8 0.857 1 0.675 2
TGLAOT73 0.218 5 4.741 7 0.7815 0.755 5
McM185 0.042 0 4.217 1 0.958 0 0.724 3
IL.STS005 0.008 4 4.091 0 0.991 6 0.714 4
INRAO71 0.210 1 2.472°5 0.789 9 0.529 0
TGLA272 0.092 4 3.669 1 0.907 6 0.677 0
BMS2569 0.042 0 4.250 6 0.958 0 0.726 4
RMO096 0.008 4 5.667 8 0.991 6 0.798 6
LSCV44 0.033 6 4.351 2 0.966 4 0.733 3
I11.STS045 0.025 2 4.048 9 0.974 8 0.711 1
BMS2252 0.025 0 3.2877 0.975 0 0.652 7
BMS0712 0.083 3 3.165 2 0.916 7 0.622 9
BM6404 0.083 3 3.644 2 0.916 7 0.675 1
INRA005 0.0250 2.579 0 0.975 0 0.536 5
I11.STS033 0.025 0 4.033 0 0.975 0 0.709 6
I1LSTS059 0.008 3 4.639 2 0.9917 0.752 7
BMC1222 0.008 3 8.842 8 0.991 7 0.763 7
ILIRA 0.158 3 2.948 7 0.8417 0.604 5
CSSM66 0.016 7 3.183 7 0.983 3 0.6317
IL.STS008 0.008 3 2.661 5 0.9917 0.549 9
BMA4513 0.008 3 4.382 9 0.9917 0.7350
MGTG13 0.050 0 5.603 1 0.950 0 0.796 4
INRA224 0.041 7 4.126 1 0.958 3 0.717 1
MAF065 0.075 0 4.632 5 0.9250 0.749 1
LSCV05 0.033 3 3.8518 0.966 7 0.701 0
BMO0848 0.0750 4.143 3 0.9250 0.720 3
BM6121 0.1917 2.181 3 0. 808 3 0.461 7
BMO0121 0.033 3 4.718 2 0.966 7 0.756 1
IDVGAG6S 0.058 3 2.444 6 0.941 7 0.510 8
BMO0719 0.016 7 3.004 7 0.983 3 0.604 8
HUJ625 0.00 0 4.985 3 1.000 0 0.769 9
OarFCB048 0.141 7 3.952 2 0.858 3 0.709 5
HUJ223 0.2750 2.889 5 0.7250 0.608 7
BL50 0.416 7 3.341 5 0.583 3 0.469 0
TGLA322 0.308 3 4.142 7 0.691 7 0.7210
BMS1355 0.150 0 3.2396 0.850 0 0.636 2
CSRD232 0.100 0 4.312 0 0.900 0 0.730 1
INRA210 0.0917 3.396 2 0.908 3 0.651 8
McM104 0.0917 2.994 1 0.908 3 0.591 9
BMS0745 0.241 7 3.225 4 0.758 3 0.6357
BP20 0.108 3 4,825 7 0.8917 0.7615
SRCRSPO06 0.025 0 3.846 7 0.975 0 0.692 0
MAP2 0.008 3 4.058 1 0.9917 0.713 3
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Pure fitness Effective number of alleles Heterozygosity Polymorphism information content
BM3517 0.025 2 4.708 6 0.974 8 0.754 8
BM1225 0.050 4 5.476 0 0.949 6 0.791 3
INRA036 0.008 4 4.736 1 0.991 6 0.758 1
NPR3 0.067 2 4.824 9 0.932 8 0.760 7
BMS1719 0.058 8 5.129 9 0.941 2 0.776 7
BM3413 0.042 0 3.506 1 0.958 0 0.663 4
ILSTS052 0.025 2 5.558 8 0.974 8 0.795 2
INRA031 0.025 2 5.372 2 0.974 8 0.786 41
LSCV14 0.016 8 4.752 0 0.983 2 0.755 7
HRHI1 0.025 2 4.588 0 0.974 8 0.746 4
BM1558 0.016 8 4,316 7 0.983 2 0.729 8
INRA132 0.016 8 3.862 3 0.983 2 0.693 1
OarCP73 0.016 8 4.974 9 0.983 2 0.766 8
BM1258 0.025 2 4,172 4 0.974 8 0.722 7
OLA-DRB 0.058 8 4.415 7 0.941 2 0.738 3
BM1818 0.109 2 3.860 2 0.890 8 0.702 5
BMS2526 0.033 6 3.626 8 0.966 4 0.673 8
CSSM31 0.008 4 4.445 5 0.991 6 0.737 9
I1L.STS031 0.025 2 4.833 9 0.974 8 0.759 8
McM136 0.016 8 5.095 7 0.983 2 0.774 5
INRA206 0.016 8 4.201 5 0.983 2 0.729 0
BMA4005 0.033 6 5.5219 0.966 4 0.793 0
BP28 0.033 6 4.404 7 0.966 4 0.737 2
LSCV46 0.453 8 1.658 5 0.546 2 0.318 2
BM1314 0. 000 0 4.792 2 1. 000 0 0.757 9
INRABERN172 0.016 8 3.554 9 0.983 2 0.669 7
TGLA179 0.142 9 3.410 2 0.857 1 0.658 6
LSCVA41 0.050 4 3.549 1 0.949 6 0.675 8
CSSM43 0.033 6 4.014 5 0.966 4 0.709 3
OarJMP58 0.067 2 3.244 2 0.9328 0.645 6
IDVGA43 0.042 0 3.1819 0.958 0 0.623 5
BMS1714 0.042 0 3.398 0 0.958 0 0.651 4
IDVGAO07 0.008 4 4.543 2 0.991 6 0.744 3
RMO044 0.058 8 2.5527 0.941 2 0.538 3
McM135 0.075 6 3.568 8 0.924 4 0.681 7
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Table 2 The correlation analysis of microsatellite loci with body weight

TR AR e SN A B R AL SN S
o MR _ AMREC WRBRE ke || T AR _ MK B ke
Microsatellite /bp Size of Microsatellite /bp Size of
Genotype Number of Body weight Genotype Number of Body weight
loci alleles loci alleles
genotype genotype
LSCV13 AA 212~212 20 39.690° OarHH35 BE 115~131 21 39.156"
BC 224~239 18 38.295" CF 121~140 12 38.743"
CSSM11 BB 168~168 13 39.189" MAFO070 BE 158~185 22 36. 1427
CD 170~182 12 37.543" CE 168~185 7 39.018"
IDVGA64 AC 211~215 10 36. 142" MAF050 BD 158~177 45 35,2567
CcC 215~215 13 39.018" BMS1248 CD 138~144 22 38.663"
LCCV24 AF 174~196 52 38.256" BM1329 BE 182~203 24 54, 500"
BMS2782 BB 245~245 12 38.663" BM0143 AD 112~136 3 65. 333"
BM2504 AE 111~145 29 52.276" IDVGAG6S8 AA 183~183 7 51.571"
TGLAO0T73 AD 88~117 3 68. 667" BL50 CcC 268~268 2 64.500"
McM185 AD 122~162 25 52. 400" CSRD232 AD 150~179 3 64. 667"
INRAO71 BB 113~113 26 51.077" INRA210 AA 151~151 7 55.286""
BC 113~121 44 51.023* " ||[BM1225 CD 176 ~183 7 56.857"
TGLA272 CcC 129~129 4 57.000" CE 176 ~188 18 54,824
RMO096 BE 117~166 14 57.429" " INRA036 AB 165~169 7 59.143" "
BF 117~172 29 53.069" BMS1719 DE 184~192 4 63.000"
IL.STS045 CE 163~186 15 53.933" ILSTS052 AC 123~165 4 62.250" "
BMS2252 BD 123~148 3 69. 000" INRA031 BF 134~164 4 59. 000"
BM6404 BD 104~121 36 49. 167" LSCV14 AC 123~137 8 58.000"
ILSTS059 CF 175~196 10 40. 400" HRH1 AD 173~203 4 55.750"
BM4513 EE 175~175 2 54.000" CD 195~203 15 53.133""
MGTG13 BD 166~181 19 51.790" BMS2526 BC 154~165 8 57.375"
INRA224 AB 172~185 2 50. 500" CD 165~174 55 52.836"
BM0848 CD 165~174 5 51.200" McM135 AB 133~156 10 54.100"
BMO0415 FF 144~144 7 57.571" BC 156~165 11 54, 455"
BMS2258 CD 157~164 10 56. 200" BM6121 AA 115~115 23 49. 304"
INRAB
DF 208~217 5 60. 200" BMO0121 AB 137~160 2 51. 000"
ERN192
McM527 AE 133~158 5 60. 800" BM4005 BC 148~157 4 54. 500"
BD 137~152 5 64.400" " |[McM136 AD 84~136 3 57.667"
BM4208 AD 114~140 6 54.333" CF 133~161 4 57.000" "
BB 124~124 8 53.625" Oar] MP58 BB 139~139 6 61.000"
BP28 AB 158~164 1 60. 000" IDVGAO07 AB 202~214 16 52.563"
BC 164~174 3 61.667" AC 202~238 16 53.438"
LSCV41 BC 122~157 4 63.250" " ||IRM044 AA 86~86 7 58. 714"
CE 157~176 4 60. 500" MoMO064 BB 103~103 2 61.505"
R R BT I K R R A R/ TR BB K T R s R R B RN B R P2 R (P<C0.05), " RN E

PR (P<<0.0D), T
* and * * denote that the least square mean value of the corresponding genotype is greater than that of other genotypes.

* indicate significant difference (P<C0.05), and * * indicate extremely significant difference (P<C0.01). The same as below
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Table 3 The correlation analysis of microsatellite loci with cashmere yield
) |
152@]1%1%5 — %-j(/J\ fii; 9/ g 1%(]15'5175 — %.ﬁtd\ :‘iiﬁi S/ g
Microsatellite /bp Size of Cashmere |[Microsatellite /bp Size of Cashmere
Genotype Number of Genotype Number of
loci alleles yield loci alleles yield
genotype genotype
Oar] MP58 AB 113~139 22 1163.970" " |[CSSM54 AB 125~130 19 1 189.643"
IDVGA43 BB 166~166 5 1090. 742" [[MAF050 AD 150~177 4 990. 452"
IDVGAO0T7 CE 238~257 9 1065.736" " BC 158~167 15 1106.427"~
McM135 AC 133~165 16 1 148.754" " |IBM2830 BB 116~116 28 1117.248"
BM1558 AC 119~133 8 1 154,395 " CD 120~123 21 1 098. 280"
LSCV41 BB 122~122 6 1094, 718" |[ILSTS034 BC 125~128 15 1268.954"
OarCP73 CE 186~208 19 1016.314" CD 128~130 34 1197.885"
BM1258 AC 89~113 12 1058.614" " |OarHH64 BC 120~128 13 1 181.286"
BM1818 BE 122~146 21 1049.678" " |IBM0143 BC 122~131 5 1058.132"
CSSM31 AA 140~140 2 1243.475" ||IBM0415 EG 136~153 22 1 005.329"
McM136 DF 136~161 19 1078.861"" [[INRABERN192 BG 197~226 27 1 004.587"
BM4005 CF 157~182 18 1031.994" |[MoMO064 DE 112~117 36 1 284. 204"
BP28 BE 164~193 8 1 059.159" " [[CSSM47 AB 110~114 41 1 282.926"
INRABERNI172  AB 244~253 14 1014.951" " ||BM4208 CD 132~140 27 1043.842""
TGLA179 BD 86~102 45 1022.393"" [INRA144 BC 117~128 13 1 056.478" "
LSCV13 AB 212~224 32 1 210.784" |ILSCV55 AA 83~83 16 1162.362""
INRAO11 BB 210~210 28 1192.261" |BM2504 BE 125~145 19 1051.918""
CSSM11 AD 162~182 12 1077.754" ||[TGLAO73 EE 122~122 16 1 056,787~
BE 182~186 14 1099.865" |[ILSTS005 CD 197~202 2 1357.195""
LSCV37 AC 116~148 20 1087.643" |[TGLA272 DD 131~131 2 1 189. 260"
IDVGA64 BC 213~215 18 1207.427" " |[LSCV44 BE 195~209 8 1 004. 309"
BD 213~224 10 1088.452" ||ILSTS045 AD 115~176 3 1 150. 650"
BMS2782 BC 245~252 23 818.248" ||IBMS2252 CE 132~153 5 1029.766"
DE 260~268 13 1199.280" |BMS0712 BD 179~198 25 1082.312""
McMO058 BE 196~220 36 1 245.908" ||BM6404 CD 117~121 22 1 086.226" "
BMS1788 AB 80~93 7 1 240.361" |[ILSTS033 CE 194~205 5 1 344.088" "
LSCV15 AE 110~132 15 1091.161" |[ILSTS059 BD 167~178 13 1029.550"
ILSTS008 AD 187~212 87 967.456" " ||ILIRA AB 197~222 61 965. 543"
BM4513 AE 123~175 7 1056.371" |IBMS0745 AC 103~114 50 989. 769"
MGTG13 BD 166~181 19 1042.660" " |[BP20 BD 181~210 3 1 184,383
BM0848 CD 165~174 5 1079.404" " |[SRCRSP06 CD 169~178 7 1 044. 293"
BM6121 BC 125~135 2 1189.460" |IMAP2 AC 85~102 22 1030.479" "
BM0121 BD 160~178 5 1 041.300" ||IBM1225 AE 166~188 20 1085.430" "
IDVGAG68 AC 183~203 28 985. 387" INRA036 BB 169~169 3 1241.285""
BMO0719 CD 149~154 4 1126.555" " |[NPR3 AA 187~187 2 1 159.760"
HUJ625 AF 177~222 11 1129.362" " ||IBM3413 AC 186~201 22 1 005.567"
OarFCB048 AA 148~148 17 1052.671" " |[ILSTS052 AB 123~152 16 1145.963""
BL50 BB 236~236 11 1018.086" |INRA031 DF 149~164 2 1 088.000"
TGLA322 AB 107~115 23 1013.133"" [[LSCV14 AD 123~144 12 1072.010""
BMS1355 BD 175~192 1 1045.123" ||[HRH1 BE 184~213 12 1041.324""
OarHH35 BD 115~127 13 1 166.754" |[CSRD232 DE 179~181 5 1 104. 804"
BF 115~140 8 998. 785"
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Table 4 The correlation analysis of microsatellite loci with fineness

R e PNAN %@? ‘ (A HE P RN %ﬁ%
Microsatellite S /bp Size of R %ﬂlfﬁﬂfg/ym Microsatellite S /bp Size of R B /pm
Genotype Number of Fineness Genotype Number of  Fineness
loci alleles/bp loci alleles
genotype genotype

CSSM11 AA 162~162 24 14. 446" LSCV55 BD 98~108 20 14. 862" "
IDVGA64 BB 213~213 12 14. 468" BM2504 AA 111~111 4 14. 503"

CcC 215~215 13 14. 407" AD 111~139 8 14. 893"
BMS2782 CD 252~260 22 14. 603" BMS2569 AB 103~106 2 13. 625"
BMS1788 BC 93~96 6 14. 251" RMO096 CE 137~166 8 14.031" "
OarHH35 AB 105~115 10 14. 086" LSCV44 AD 182~202 32 14.673" "
CSSM54 EF 150~161 34 14.705" ILSTS045 AB 115~155 5 13.488" "
MAFO050 CE 167~183 12 14. 358" AC 115~163 7 13. 853"
BMS1248 BC 128~138 30 14. 159" BMS2252 EF 153~169 19 14. 679"
LSCV25 BB 125~125 16 14. 887" IL.STS033 AA 168~168 3 14. 160"

BC 125~129 21 14.386" " BMC1222 FF 235~235 2 13.355°
McMO073 BC 121~130 64 14. 054" OarFCB048 DE 189~198 4 14. 520"
BM1329 DF 195~214 31 14. 752" BL50 CC 268~268 2 12.795"
BM0143 AA 112~112 6 14.563"" CSRD232 AD 150~179 3 14. 223"
BMO0415 AA 112~112 6 14. 563" BMS0745 DD 129~129 11 15.549" "
BMS2258 CE 157~166 5 14. 528" BM3517 AE 163~209 3 14. 307"
INRA429 CD 116~121 49 15. 587" BF 178~212 13.993"
MoMO064 DE 112~117 42 13. 938" BM1225 BF 174~195 21 14. 305"
CSSM47 BC 114~121 2 13.554"" NPR3 CF 209~236 8 14. 345"
TGLA179 AA T4~T74 17 14. 079" LSCV41 AB 118~122 16 13.713" "

AB 74~86 7 14. 304" BC 122~157 4 14. 075"
OarJMP58 BD 139~169 58 15. 143" IDVGAOT7 AE 202~257 11 13.803" "
BMS1719 EF 192~204 35 14.936" " BM4005 BC 148~157 4 14. 438"
BM3413 AA 186~186 4 13. 455" DD 162~162 2 14. 015"
LSCV14 BE 133~157 13 14. 975" BP28 BD 164~186 12 14. 330" "

INRAB
HRH1 AA 173~173 2 14. 110" BC 253~278 4 14. 095"
ERN172

CD 195~203 15 14. 801" BD 253~289 19 14. 659"~
INRA132 BD 166~182 28 14. 937" CSSM43 AB 110~127 3 13.277""
OarCP73 AA 174~174 2 13.435" AC 110~139 23 14.043"
BM1258 DE 122~140 12 13.883" " BMS2526 AA 132~132 4 12. 710"~
OLA~DRB AB 114~121 10 14. 580" McM136 AA 84~84 2 13. 530"
BM1818 AC 114~135 10 14.512° AD 84~136 3 13. 570"

CD 135~143 8 14.706"
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