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Chinese Holstein Cattle effective population size estimated from
whole genome linkage disequilibrium
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Key Laboratory of Animal Genetics and Breeding of the Ministry of Agriculture, College of Animal Science and Technology, China Agri-
cultural University, Beijing 100193, China

Abstract: Effective populations size (Ne) is an important population parameter that helps to explain genetic variation,
population evolution and understanding of the genetic architecture underlying complex traits. With the availability of
high-dense SNP panels, more and more researches focus on estimating of Ne using linkage disequilibrium (LD) between
SNPs. In this study, we estimated the effective population size from 2093 Chinese Holstein Cattle genotyped with Illumina
BovineSNP50 BeadChip. After removal of individual with call rate < 95%, SNPs with call rate < 95%, minor allele fre-
quency < 5% and Hardy-Weinberg Equilibrium test with P<0.0001, 1 968 individuals with 38 796 SNPs were remained.
Eight kinds of SNP pairs with the distances 0.1, 0.2, 0.5, 1, 2, 5, 10, and 15 Mb were respectively chosen to estimate the

effective population size of Chinese Holstein cattle from 4 generations ago. It is demonstrated from the results of this study
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that the effective population size of Chinese Holstein is decreased in the past generations, and the corresponding effective

population size at ~4 generations ago is only around 45.

Keywords: Chinese Holstein Cattle; effective population; linkage disequilibrium
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(kb)
100 200 500 5000 10 000 15 000
0.001 0.002 0.006 0.055 0.111 0.166
452 226 91 10 5 4
SNP 5105 4800 4626 34807 28168 22845
Ne 1087.65£173.43 767.30+116.44 410.50+75.27 233.81+£28.26 137.95+£17.02 76.81+£9.25 53.83+7.80 44.66+5.88
£ 2 HITREGKRMGTHERTEESE MR EHEIEAK)
452 226 91 46 23 10 5 4
BTA1 848.35 638.44 354.9 210.29 117.656 68.188 4593 36.606
BTA2 1062.04 664.35 364.02 212.986 112.581 64.93 43.996 38.016
BTA3 1040.6 713.94 4233 241.374 141.211 75.11 46.511 35.732
BTA4 1232.9 688.24 432.88 221.37 133.65 70.02 49.309 37.515
BTAS 917 757.72 348.87 227.014 135.13 69.499 49.398 42.869
BTA6 904.22 656.71 381.56 220.217 129.08 71.277 54.123 41.29
BTA7 1018.22 767.56 356.34 230.595 136.59 77.51 55.504 47.046
BTAS8 935.1 713.9 388.79 235.27 141.46 76.246 51.935 41.79
BTA9 1222.9 832.44 466.32 241.249 146.203 75.977 49.827 43.763
BTA10 955.21 694.96 411.5 187.39 107.77 61.21 44,338 37.371
BTA11 1128.67 757.34 328.81 228.438 126.53 64.551 47.092 41.16
BTA12 1209.6 894.2 392.25 253.465 147.15 90.377 63.404 45.099
BTA13 852.73 619.19 334.27 202.031 131.07 76.301 48.336 48.318
BTA14 900.08 585.7 362.6 183.91 129.126 75.906 49.004 44913
BTA15 1264.1 800.54 400 266.377 166.392 82.83 61.161 47.457
BTA16 914.8 758.35 43991 224.196 140.55 75.842 46.925 40.981
BTA17 991 854.1 334.4 220.55 122.66 70.898 50.709 459
BTA18 1126.4 780.12 574.9 293.33 181.956 90.976 66.517 54.05
BTA19 1160.6 694.46 543.59 266.114 165.14 94.513 73.043 51.782
BTA20 1058.8 627.19 304.86 179.8 113.64 59.364 44313 40.8
BTA21 1134 782.21 519.81 259.607 154.34 81.824 60.188 45.768
BTA22 1255 806.95 383.5 218.838 145.784 88.811 59.024 48.799
BTA23 1050 676.31 311.22 235911 121.78 68.115 46.491 38.15
BTA24 988 724.9 450.38 248.325 143.478 81.488 56.613 45.388
BTA25 1504.2 997.6 392.13 272.28 151.366 86.98 68.057 61.63
BTA26 917 849.5 373.58 217.15 125.35 82.882 57.872 48.585
BTA27 1444.1 1006 563.64 285.37 155.705 88.167 52.423 53.023
BTA28 1361.1 1041.2 527.72 250.57 136.335 74.822 60.411 43.554
BTA29 1145.2 867.6 438.32 246.436 140.81 82.802 58.56 47.64
X 2343 1778 881.6 416.2 245.48 117.37 64.229 55.048
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SNP (kb)
100 200 500 1000 2 000 5000 10 000 15 000
BTAI 0.211+0.241 0.151+0.179 0.114+0.128  0.098+0.109  0.088+0.096  0.062+0.066  0.047+0.049  0.039+0.039
BTA2 0.176+0.217 0.146+0.171 0.111£0.129  0.096+0.1 0.091£0.102  0.065+0.063 0.049+0.048  0.038+0.034
BTA3 0.179+0.209 0.137+0.164 0.097+0.103 0.086+0.092  0.074+0.081 0.057+0.061 0.047+0.049  0.040+0.04
BTA4 0.156+0.187 0.142+0.166 0.095+0.124  0.093+0.105  0.078+0.09 0.061+0.064  0.044+0.044  0.039+0.036
BTAS 0.199+0.231 0.130+0.175 0.115+0.124  0.091+0.105  0.077+0.085  0.061+0.064  0.044+0.044  0.034+0.033
BTA6 0.201+0.231 0.148+0.181 0.106+0.111 0.094+0.098  0.081+0.086  0.060+0.063 0.040+0.039  0.035+0.033
BTA7 0.182+0.199 0.129+0.169 0.113+0.12 0.090+£0.105  0.076+0.082  0.055+0.053 0.039+0.035  0.031+0.03
BTAS 0.196+0.227 0.137+0.159 0.105+0.114  0.088+0.095  0.074+£0.077  0.056+0.059  0.042+0.042  0.035+0.029
BTA9 0.157+0.208 0.120+0.165 0.089+0.102  0.086+0.098  0.072+0.077  0.056+0.064  0.044+0.041 0.033+0.029
BTA10  0.192+0.223 0.141+0.153 0.099+0.095 0.108+0.12 0.095+0.106  0.069+0.073 0.049+0.049  0.039+0.038
BTA11  0.168+0.195 0.130+0.149 0.121+0.125 0.090+0.1 0.082+0.086  0.065+0.07 0.046+£0.046  0.035+0.035
BTA12  0.158+0.192 0.113+0.14 0.104+0.117  0.082+0.092  0.071+£0.078  0.048+0.045 0.035+£0.029  0.032+0.029
BTA13  0.210+0.229 0.155+£0.169 0.120+0.133 0.101+£0.106  0.079+0.086  0.056+0.06 0.045+0.055 0.030+0.025
BTA14  0.202+0.194 0.162+0.172 0.111+0.113 0.110+0.116 0.081+0.079 0.056+0.059 0.044+0.046 0.032+0.028
BTA15  0.152+0.195 0.124+0.145 0.102+0.118  0.079+0.091 0.064+£0.067  0.052+0.052  0.036+0.032  0.031+0.026
BTA16  0.199+0.242 0.130+0.15 0.094+0.095  0.092+0.102  0.074+0.082  0.056+0.058  0.046+0.051 0.035+0.031
BTA17  0.187+0.209 0.117+0.155 0.120+0.125 0.0930+0.1 0.084+0.095  0.060+0.064  0.043+£0.039  0.032+0.028
BTA18  0.168+0.185 0.127+0.147 0.073£0.064  0.072+£0.076  0.059+0.057  0.047+£0.049  0.033+0.028  0.027+0.023
BTA19  0.164+0.194 0.141+0.176 0.077£0.084  0.079+0.082  0.064+£0.064  0.046+0.047  0.030+£0.025  0.028+0.021
BTA20 0.177+0.213 0.153+0.167 0.130+0.146  0.112+0.123  0.091+0.1 0.071+£0.078  0.049+0.048  0.036+0.03
BTA21 0.167+0.203 0.127+0.158 0.080+£0.077  0.080+0.087  0.072+0.078  0.052+0.051 0.036+0.033  0.032+0.031
BTA22 0.153%0.15 0.123+0.14 0.106+£0.133  0.094+0.106  0.072+0.079  0.048+0.049  0.037+0.03 0.030+0.025
BTA23 0.178+0.211 0.144+0.143 0.127£0.157  0.088+0.094  0.085+0.086  0.062+0.072  0.047+£0.049  0.038+0.04
BTA24  0.187+0.206 0.136+0.159 0.092+0.107  0.084+0.094  0.073+0.074  0.052+0.05 0.039+0.037  0.032+0.028
BTA25 0.131+0.131 0.102+0.118 0.104+£0.122  0.077+0.079  0.070+£0.077  0.049+0.043 0.032+£0.029  0.024+0.018
BTA26  0.199+0.198 0.118+0.126 0.108+0.145 0.095+0.104  0.083+0.09 0.052+0.056  0.038+0.038  0.030+0.025
BTA27  0.136+0.145 0.101+0.106 0.075+£0.078  0.074+0.08 0.068+0.069  0.049+0.049  0.042+0.04 0.028+0.026
BTA28  0.143+0.177 0.098+0.111 0.079+0.096  0.083+0.099  0.077+0.081 0.057+0.05 0.036+0.029  0.033+0.029
BTA29 0.166+0.173 0.116+0.122 0.094+0.104  0.084+0.087  0.074+£0.088  0.052+0.049  0.037+0.032  0.031+0.023
X 0.162+0.182 0.113+0.1 0.093+0.115  0.098+0.108  0.084+0.098  0.071+0.078  0.066+0.067  0.052+0.052
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