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Genetic relationship and inbreeding coefficient among
Xiangdong black goats based on GBS sequencing
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Abstract: In this study, 60 Xiangdong black goats, including 9 rams and 51 ewes, were sequenced through GBS
sequencing, for SNPs and ROH on the chromosomes of Xiangdong black goats. Genetic relationship analysis based on G
matrix and NJ cluster analysis were carried out using SNP data to construct pedigree of population structure and
inbreeding coefficient was obtained based on ROH data. These results showed that average sequencing depth of 60
Xiangdong black goats was 9.15X, with a mapping rate of 99.59% compared with reference genomes. In the process of
SNPs detection, the data of 3 ewes failed to meet the genotype quality control standards thus were excluded to obtain the
153046 SNPs and 1937 ROH fragments on 29 autosomes from 57 Xiangdong black goats, based on which pedigree
including 8 families was constructed in which 9 rams and 6 ewes were divided into 7 families and other 42 ewes were
classified separately. Based on ROH, the average inbreeding coefficient of individual in the population of Xiangdong
black goat was 0.047, indicating that the rams have good potential for breeding.

Keywords: Xiangdong black goat; genotyping by sequencing; single nucleotide polymorphism(SNP); runs of
homozygosity(ROH); inbreeding coefficient; genetic relationship
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0.008 19 71 0.049 9. 772 IR F fij Ak 2k R 400 J
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WAL EJE TR RS R R 7 1L 2E A, [
TR BH ) 2 AR ORI PH R LA, 1999 4, 3
FRABIFEIA EZ A H 5 2018 4R E 5
AR AH ), 2E a2 F R R 43 B (GBS)[e-1
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1 HRSTSA
1.1 o8
X R 0 B AR 2R LR PRI X 60 Sk AR 2210
F(F 93k B 5L k) TR ER ORI, R
Kl 6 mL, BT EDTA PR, s
T 0~4 °C¥% ek, I 120 °CIRAF-
1.2 A%
1.2.1 DNA IR EH0 5
K R PR BOM A R 1L 2E AR SR 241 DNA,
{87 [} Nanodrop2000 (Thermo Fisher Scientific, DE)i#
1 OD260/ODaso [ELUEA THEKIZH DNA Jif i Flli BEAGI
XS IR P FI AT silico HLFREUITEAL Al
BV R B RS, A Mse | BRI N VI Bl S 7

PIEEIHZH DNA; 236 D), JA75 tags %, i
1t PCR Y HEHEA T i B /N R, FRL DK [T RG22 IX ]
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FFEIFE R4 T (GBS) SCF . RS (S AT 5K
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Table 1 Statistics of sequencing date for Xiangdong black goats

" I - o SEEII Y T Ik Q20 Q30 GC W3t Vi F/ g%
PSS ARk HOHEK HOEER% VX bR % GHI% Al ixﬁi% 4X 1% .
0201-1M 2553494 2539170  99.44 9.93 0.03 96.44 90.55 39.44 2.25 1.18
0208-3 2592172 2583635  99.67 8.89 0.03 95.73 88.85 39.30 2.29 1.21
0246-10 2494642 2486070  99.66 8.83 0.03 96.58 90.89 39.36 2.18 1.18
0250-9 3129114 3120793  99.73 10.89 0.03 96.97 91.43 39.13 2.14 1.27
0253-4 2546922 2538469  99.67 8.73 0.03 96.12 89.81 39.25 2.31 1.20
0257-2 2721804 2712033  99.64 9.09 0.03 95.06 87.25 38.93 2.39 1.24
0261-5 2637602 2630084  99.71 9.11 0.03 96.41 89.88 38.47 2.31 1.21
0263-6 2354566 2346016  99.64 8.43 0.03 96.30 90.21 39.19 2.23 1.13
0268-7 1414618 1407458  99.49 6.75 0.03 95.41 87.96 39.69 1.80 0.74
0272-8 1974830 1967974  99.65 7.95 0.03 96.08 89.52 38.85 2.01 0.98
0301-10M 2275188 2269011  99.73 8.41 0.03 96.75 90.78 39.00 2.15 1.11
0303-2 2067480 2059395  99.61 8.07 0.03 96.30 90.15 39.19 2.03 1.02
0304-8 3088654 3076443  99.60 9.94 0.03 96.73 91.26 39.25 2.39 1.33
0307-1 2011408 2000053  99.44 7.87 0.03 95.69 88.69 38.98 2.08 1.00
0308-5 2082716 2077471  99.75 8.56 0.03 97.21 91.97 38.45 1.99 0.98
0309-3 2466090 2447706  99.25 8.77 0.03 96.34 90.31 39.33 2.16 1.16
0313-7 2972116 2961231  99.63 9.63 0.03 96.16 89.86 39.14 2.48 1.29
0318-9 2695080 2688416  99.75 9.53 0.03 96.47 90.03 38.88 217 1.21
0319-4 2078718 2071342  99.65 8.02 0.03 96.15 89.77 39.22 2.04 1.04
0320-6 2394938 2384353  99.56 8.47 0.03 96.47 90.53 39.28 2.26 1.15
0325 2112410 2102775  99.54 8.13 0.03 96.86 91.39 39.48 2.05 1.04
0329 1505504 1499999  99.63 6.96 0.03 96.31 90.22 39.30 1.80 0.79
0330M 2668842 2659201  99.64 9.43 0.03 96.13 89.82 38.66 2.42 1.14
0334 2554020 2538070  99.38 8.72 0.03 96.62 90.98 39.27 2.35 1.19
0338 2513552 2505454  99.68 8.71 0.03 96.24 90.02 39.09 2.32 1.18
0339 2772724 2764035  99.69 9.13 0.03 96.82 91.45 39.19 2.46 1.25
0374M 2468632 2460095  99.65 8.68 0.03 96.23 90.03 39.20 2.30 1.15
0375 2515086 2499504  99.38 9.17 0.03 97.03 91.52 39.08 2.12 1.16
0378 2855730 2823959  98.89 9.91 0.03 97.13 91.79 38.64 2.23 1.22
0380 2532844 2515938  99.33 9.92 0.03 95.54 88.29 39.36 2.15 1.19
0381M 2667064 2656421  99.60 9.09 0.03 95.38 87.95 39.27 2.25 1.23
0383 2022526 2003919  99.08 7.90 0.03 95.48 88.21 39.38 2.00 1.02
0384 2979436 2968796  99.64 10.25 0.03 97.48 92.73 39.27 2.30 1.25
0385M 2225080 2219774  99.76 8.81 0.03 97.15 91.83 38.94 1.90 1.07
0386 2703398 2687790  99.42 9.21 0.03 96.08 89.72 39.33 2.27 1.23
0387 2204588 2197497  99.68 8.39 0.03 95.48 88.19 39.42 2.05 1.07
0388 2580262 2567885  99.52 9.40 0.03 97.59 92.97 39.11 2.13 1.16
10 2375438 2369533  99.75 8.90 0.03 97.18 91.92 38.98 2.04 1.13
12M 2496204 2481060  99.39 9.24 0.03 97.57 93.03 39.08 2.10 1.13
13 2226458 2220674  99.74 8.29 0.03 97.21 91.97 38.58 2.31 1.05
14 3182490 3174027  99.73 10.52 0.03 96.98 91.43 39.30 2.39 1.30
15 1690402 1682793  99.55 7.00 0.04 92.67 82.38 38.96 1.95 0.91
150-1 2779390 2772327  99.75 9.83 0.03 96.82 90.97 38.88 2.14 1.22
16 3066978 3050907  99.48 9.74 0.03 96.16 89.80 39.62 2.52 1.32
17 4266952 4252045  99.65 11.70 0.03 97.00 91.81 39.69 2.82 1.60
18 2462132 2455291  99.72 9.14 0.03 97.30 92.25 39.11 2.07 1.14
19 2883152 2872414  99.63 9.63 0.03 95.92 89.31 39.34 2.28 1.28
2 2074558 2069382  99.75 8.40 0.03 96.92 91.12 38.37 1.98 1.00
20 3101468 3178823  99.60 9.98 0.03 96.28 90.17 39.30 2.53 1.35
21 2691270 2683489  99.71 9.68 0.03 97.16 91.84 38.77 2.1 1.20
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RS ARGEK HOEK HXR% VEEIX MR H% /% P X % X 1%
22 3159988 3146690  99.58 10.07 0.03 94.97 87.09 39.20 2.35 1.36
23M 2141524 2133955  99.65 9.99 0.03 96.40 90.38 38.98 2.07 1.04
24M 2808122 2800648  99.73 9.99 0.03 96.63 90.46 38.25 2.16 1.21
3 2581434 2549062  98.75 9.01 0.03 94.84 86.82 39.30 2.14 1.20
4 2454158 2445677  99.65 9.08 0.03 96.51 90.14 38.73 1.98 1.16
5 2841572 2829983  99.59 9.52 0.03 96.16 89.84 39.00 2.32 1.26
6 3874662 3865168  99.75 12.20 0.03 96.53 90.16 38.87 2.38 1.42
7 2117832 2112289  99.74 8.52 0.03 97.35 92.42 39.16 1.89 1.04
8 2913476 2905668  99.73 10.51 0.03 97.03 91.53 38.49 2.12 1.20
9 3147940 3139236  99.72 10.60 0.03 96.98 91.42 38.91 2.38 1.27
T 2564358 2553823  99.59 9.15 0.03 96.39 90.25 39.09 2.20 1.16
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Fig.1 Distribution of SNP density on chromosomes of Xiangdong black goats
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Fig.2 Visualization result of G-matrix analysis for Xiangdong black goat population
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1.56%, PR EREK, ROH FIHFr &) SNP
Bz, 1 5@k ROH 3%, 153 4,
A SNP BUE R, R 9748 4, T 25 SYL ik
() ROH $uafl, h 6 4%, AR SNP Frmthi
b, R 5344,

iit153) ROH f Bt P EE TR 3 426.092 kb,
Ho K A B BEN 19 763.228 kb, T 4 SLfn,
T &, T A BN 1039.092 kb, {7 F 10 &
e fk b bR BEEGR Y 36.76%(1) ROH HBHK
h2~3Mb, e, it 712 %
2.3.2 MREHK

7R SR L SRR rp RS AT 34 AT DS DU 3]
33.98 %k ROH KB, HILEET ROH S5 FE A
PIEAE ZEUE N 0.047 0, A[FEAE RE T Z AR
FEAI LU An R 4 PR o Hrh /A2 0301IM HIEAC &R

# 3 MEEULZE ROH $&HA%gT
Table 3 Statistics of ROH on chromosomes of Xiangdong black goats
Petafhgms YA KEbp ROH K ROH K-J#/kb SNPs i WETHLM  2AT %
1 157 335 646 153 1199.898~9 487.097 9748 97.04 1.75
2 136 448 579 118 1210.171~13 532.209 7675 97.18 1.64
3 119 899 262 88 1090.283~11 972.684 6028 97.37 1.50
4 120677 773 109 1187.874~19 763.228 8528 97.57 1.41
5 118 972 923 96 1597.620~14 200.885 6 451 97.57 1.49
6 117 604 958 119 1206.007~10 298.842 8 376 97.24 1.58
7 108 375 669 83 1244.325~11 285.132 5601 97.46 1.49
8 112 549 395 96 1193.020~5 788.688 5837 96.95 1.83
9 91 546 527 65 1263.911~11 065.240 4561 97.26 1.58
10 101 078 492 71 1039.092~12 785.839 5291 97.32 1.45
11 106 158 733 70 1193.907~13 618.553 4391 97.30 1.70
12 87 257 944 82 1101.817~13 417.361 6 308 97.71 1.05
13 83 024 455 41 1235.416~6 581.628 2517 97.73 1.44
14 94 604 531 88 1115.460~10 675.138 5845 97.26 1.61
15 81 882 709 71 1413.263~17 074.282 5022 97.42 151
16 78 818 624 56 1432.375~15 771.918 4017 97.53 1.45
17 71 066 040 65 1131.371~7 559.619 4088 97.48 1.44
18 66 892 924 25 1951.853~15 094.571 1762 98.10 0.98
19 62 484 667 47 1172.775~9 723.085 2995 97.45 1.64
20 71604 343 39 1 849.405~5 004.017 2336 96.97 2.08
21 69 416 722 47 1 636.944~10 523.820 2835 97.14 1.79
22 59 853 577 41 1294.143~13 485.030 2642 97.11 1.71
23 48 767 058 31 1529.417~11 919.663 2250 97.62 1.68
24 62 271 610 73 1268.786~7 436.615 4757 97.15 1.61
25 42 856 068 6 2 209.401~10 274.533 534 97.62 1.65
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Peihgs  JefkKEbp  ROH %L ROH K- Ji#/kb SNPs % AT hitvm  ZRET A%
26 51 301 391 42 1577.938~10 052.775 2617 97.29 1.67
27 44 660 198 38 1 559.909~9 076.297 2 657 97.78 1.18
28 44 637 271 27 1216.125~5 112.842 1554 97.13 1.70
29 50 894 840 50 1 589.620~5 770.476 3068 97.53 1.72
BIt 2462942929 1937 1 039.092~19 763.228 130 291
FHEIE 3426.092 97.39 1.56
BN, M 0.003 3; £1 0250-9 HIIEAE R EUR K, K, 4 0.0924,
4 0.161 25 7£ 9 KN, 0374M (1358 R EUE e
#z4 HEELUFLEET ROH KA R
Table 4 Inbreeding coefficient of Xiangdong black goat population based on ROH
eSS ROH%r  ROHEK/Mb T HEL FEL S ROH%  ROH EK/Mb  EsZ&%L
0201-1M 20 59.07 0.024 0 383 13 30.05 0.0122
0208-3 45 150.97 0.061 2 384 62 219.09 0.088 8
0246-10 38 126.79 0.051 4 0385M 40 125.75 0.0510
0250-9 73 397.56 0.1612 386 47 159.44 0.064 7
0253-4 37 133.47 0.054 1 387 14 46.09 0.0187
0257-2 49 189.50 0.076 8 388 44 135.54 0.055 0
0261-5 36 110.06 0.044 6 10 17 39.53 0.016 0
0263-6 39 118.40 0.0480 12.M 25 67.53 0.027 4
0272-8 8 26.04 0.010 6 13 13 31.67 0.0128
0301-10M 2 8.04 0.0033 14 58 187.93 0.076 2
0303-2 18 52.52 0.0213 150-1 29 89.95 0.036 5
0304-8 51 187.48 0.076 0 16 24 73.27 0.0297
0307-1 9 23.24 0.009 4 17 39 112.36 0.045 6
0308-5 18 56.53 0.022 9 18 30 97.51 0.039 5
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375 37 150.61 0.0611 7 16 40.71 0.016 5
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0381M 26 86.71 0.035 2
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