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ABSTRACT

This study analyzed linkage disequilibrium (LD) and effective population size (Ne) to understand structural characteristics such as
genetic diversity and historical events of the Hanwoo cow population using Illumina SNP50K BeadChip. The genomic DNA was
prepared through the hair roots of 2,076 Hanwoo cows in Gyeongbuk province and 941 Hanwoo cows in Jeonbuk province, and a
total of 53,866 and 50,908 SNP were obtained, respectively. For analysis, 2,058 samples and 41,449 SNP were selected in Gyeongbuk,
and 941 samples and 35,863 SNP were selected in Jeonbuk through a QC. LD () by the distance between pairwise SNP was
calculated, and the average r? was 0.05 % 0.10 in Gyeongbuk, and 0.04 = 0.07 in Jeonbuk. r> was shown to be 0.23 £ 0.29 at 0-50 kb
and 0.12 % 0.19 at 50-100 kb in Gyeongbuk, and 0.21 & 0.26 at 0-50 kb and 0.11 % 0.18 at 50-100 kb in Jeonbuk. The past effective
population size was 994 heads in 69 generation ago but decreased to 267 heads in 13 generation ago in Gyeongbuk, 1,588 heads
in 70 generation ago but decreased to 415 heads in 13 generation ago in Jeonbuk. As a result, it was confirmed that LD decayed by
the physical distance between SNP, and the genetic diversity of Hanwoo cows gradually declined. It might be in urgent need of a
conservation plan that includes a cow-customized genetic management program.
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ME

Sk 7iEF2 Q134 7|vi o] W a} B ol whet 1985 B B SR 44 (Korean Proven Bull; KPN)E A 4l 2851 = ¢4 &
Ao NFo g 24 AR U THPark et al., 2013). 27| - 7NF2 &3 T J RIS o]-&oto] Gt St o= o
Fo|7 sHABAAE Bl ST SA 2= o] Fo R L, of 2| 74l Jﬂi% A & FAAYRE E-8oto] FHE F1ASZ7
£ o] &3t 7ol AAIE] AL QITH(Lee et al, 2014; Chung et al., 2018). FAASE7HE 45t 4 582 B7loke 2 & 2

go] A
Foll 93] ‘f'a*ﬁ‘)*ﬂ# A= BFAHS Sol1 HE8E710 B3l o] 2 A LS B o|m(VanRaden, 2008; Choi et al., 2017; Shin et al.,
2 s 4 JFFS Bt o S7HAZ 4= Al HTHMeuwissen, 2003). $HHC 2= §-4-58 0] 95
3 EA E%Ml¢iﬂ S 280 2 90 R T AT e 4= gloy Fofsfjof $tth= of 2] Ea17} 9lof $ITHLi and
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Kim, 2015; Sudrajad et al., 2017; Hong et al., 2017; Lee and Kong, 2021). 12|31 44 F4] 9] 7iEfol|A] &49] 7 Haido
HN EE, B YE 9 o0 =SS 7|90 & SRe-otA S AAARRI o] AlfEloj A @11 Ik A FH- M mas Aol
FAA FEE o] &3 o] A8E| 1 Jlom oha JNFF B )& I3k 5| A ol TaE A HAIHARY So] Xy E 1
21TH(Shin et al., 2018b; Kim et al., 2021).

132 (Linkage Disequilibrium; LD)2 T WollA] A& th2 §-20249]of) 9 x|8t 53252 v 7294 BAIE 2n]
SHH(Odani et al, 2006). A= FAE] o] &, A, §4 R, o] Bl {742} A28t Sofl ofsl LA etTh(Hedrick,
1987). AHEF Y] v F23HE D' Al A2 4T 4 2o, D' {2t did S 5ol 1 Azt
Sh= "ol 31, 22 S Az of] Qx| -G A} HI =7 Al AAISE &4 5= 1% o] th(Bohmanova et al., 2010).

9 5 S < Tt 4= QI RXIA| v E Bl O
3 83t
THMCcRae et al., 2002; Qanbari et al., 2010). FIHEw+F-2 A2 A B4 A (Genome-Wide Association Studies;
3|14} 5h=t| AHE-E ™ (Bohmanova et al., 2010; Lu et al., 2012), =3 F-304] Adoluf {734 ol 52] Ao s A
Z2 ol 223+ A& &S 3} (Goddard, 2009; Won et al., 2020). Aol A 72874 (whole-genome) S ©]&-3F
T7F A0 &2 BRI (Kruglyak, 1999), Bl &0] o] 5252 H|E5l 71552 MARAAE o] &3t AdE+
43 =] 0] A 2Fth(Kim and Kirkpatrick, 2009; Alvarenga et al., 2018; Mufioz et al., 2019; Jasielczuk et al., 2020).
37| (Effective population size; Ne)= 2 AIthE A = Ak W -2 /o] Hekz] gkl A== 7iAl4e] 24 &=
AFS oJn|3tth NeE AT 2ZM HThe] Xaleld 2 37| ¥sh 5 Hde] EA 52 ¢ 4 A1, 5qFAE9] 7|27t == /4
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A zof| thgt o]afjet RElE-& 7iAsH=t] =-&-0] HTth Tenesa et al., 2007). Nex AT EAA 24, & 7|9 4 4 544 of
7] 7|8k 327 M| 742 i o 2 2A4% 4= Qlo AT $AIY 41 25 7|6 22 EE e ol o Eopr| utol EE 2 E
g Hot Eebdst d

AoHA Hejstal Qe ool obd ¢ BHAS B0 & Qe faf T Y] 74 Tgol A 277 EAYSHA
E oM rof o5t @ B2 TH5}7] lsto] A AHE 7|8ko 2 A st QA nl 7]8E A% o] 7)1 THFlury et al.,
2010). A upA 7|8k 22 53421 229 - fzt0] Al Fol wpet A ert Zrtstal MEe] 47 BeeE HYge
7} 545| Z7FoHA| E Tt Waples and Do, 2010). == 0] S7HE I3t f394] FEE o= Wi FolX= LD JEE 7|5t 2
F7ok= o] == ALS-H Tk

AL

o

2 AT AEAY U AEA| o eeota ko] NP A H S E-8oto] $Hetao] fAHA B/4dS LopE A LD9 NeS £4]
S1IT} o9k ZITko] SNPA RS 8510} B4 11ae Al o) nlE Agoleka 3 4 9lrk. A M b S Bt
A SE71 8 R §571e) R 52 SNP U Q) S, nARE AR LD A=, T Al 7l 5 of2] 27150 ofs 9%
& Tong Jdjof & ARtEo] BTl & 4= Utk wEkA 5719 o) ghe-obaol thet 7 o] &4 A && 9l e
o] FAA 24 54 2 {34 T2 7Fgstal Lof Zosk 7|2 225 A AlstalAt A5 st
ELETE

o
1. ZARHZ 5! SNP SMXI 2H
AR A3} AR A odo] AAYSHE 5 7HE0] S YAES ol §3190R 22k B 20765, HEAS 041 Fo|9ich, FEA
SH2-2F A (Gyeongbuk Hanwoo cow; GBH) 2,076+ sire 33652} dam 2,0765F2] StE50| 1L sired S0 A4 F 6.2F, dam
(o)

o
o]
g S A4 T2 o] FoiA o} AE XY -4 (Jeonbuk Hanwoo cow; JBH) 9415+ sire 101572} dam 779F2] Toi&EE0]
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AL sied S0 4 °F 93°F, damd T 4 oF 1272 °l—‘7‘—°1le At} o] 52f BE AF|sto] BAoll B3 genomic DNAS
FZ519.9M, genomic DNAS =9 & 54 - 4A(GBH)+= Illumina Hanwoo SNP50K BeadChip (Illumina, San Diego, CA,

USA)Z o] 23111, HEA]Y 5H-4A(JBH)+= Illumina Bovine SNP5S0K Beadchip (Illumina, San Diego, CA, USA)S- ©]-25}] SNP
A2 S A% 52T Hanwoo SNP50K chipZ} Bovine SNP50K chip?+2] Z-5-¥ SNP 1} 9] 4= 48 642710]] 01, 0] 5o] HA]
< 93l Genome Studio 2.0 (Illumina, San Diego, CA, USA) T2 1848 0] 25}0 final reportS A§4J 5+ T}

2. SNP E2212| (Quality Control; QC)
B ol -85+ SNPS AH5}7] 9)5] Plink v1.9 (Purcell et al.,, 2007)Z ©]-85}0] SNP U A Z0] Z2H 712 A A5 Call rates
<0.9, Minor Allele Frequency (MAF) <0.05, Hardy-Weinberg Equilibrium (HWE) p-value < 1 X 10~¢, A GA A, n]EZ=g2]o} JAX]|
2 A E7H53t o] Bl 52 Aol A|<]stTt

ABEFY] H = Plink v1.9% 01§k} £ (Hill and Robertson, 1968) ¥ 2.2 #A319ick £ 0|85} 918 D= chaat
22 dlS 0|85 thMcVean, 2008).

D = freq(A,B))freq(A,B,) — freq(A,B,) X freq(A,B,) A1)

o] 71 A, freq(AiB1)T} freq(A=Bo), freq(AiB2)Tt freq(AaBiy= AT A%L B & R34t 29jol| sgshe 7 th -5t 2 o] Zoj%
dufxgel vz
27 2L 0] &510] A& The = 9z} 249) A9t BO] ATHE-TE o] A= 2 A Al thHill and Robertson, 1968).

- D’ 40

~ freq(A)) X freq(A,) X freq(B,) X freq(B.,)

71 A, freq(An), freq(A2), freq(B), freq(Ba)y2 R & Hioll A A1, Ay, Bi, B 7412 Rl
4. QTS| 37| 2%

SR 27)(Ne)= SNeP v1.1 (Barbato et al., 2015)= E3l| SNP7H] ATEA Aot AZ3ES 7[R0 2 IA Atz 5
] 22 Ati7kA] 2o el 3k gate] 3718 245hs WS o831 tHCorbin et al,, 2012). Ne= BA|Z21349] of
A7 F A 2] A Zhol 4,000 Kbo]| B2 THA 134t E] A5 2= 7| B7Fo 2 AA5H3IT

N(1)=f(c) "X (Elr% | ) ' —a) 43

o1 7], Ni(ty= 1l o]0l 248 g che] 27
ce OFAZEe) 22) 3 A2 2 A o® A zeH) &
P A 3710 SHA| BAE A e

a: SO Aol thet A g, 12 2%
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x =
1. SNP §HxI ZH
29 Hetel S, JGA 2 R e ot GAIA) §-8 T Edelo] SN Y S é@f}ﬂ:ﬂ EEPAEE TIPS

(GBH)= £ 53,8667112] SNP, HE ] SH2UA(JBH)= £ 50,908719] SNP7} A= it QC 2t z
AXES GBH 0.9917, JBH 0.9849% T} GBHE 2,076% & 1857} 942 A4 & 7|20 Dl”ﬂﬁ 2,058 %7} A E QA
12,417702] SNPo] A[ 2= 121 41,4497H(ZAA] SNP Z 76.95%)°] SNP= &Alo] o]- &5ttt IBHE 941F 27 §2E 2
g 7|0l Bk, 15,045712] SNPo] A 2] =] %] 0™ 35,8637H(FA| SNP F 70.45%)2] SNP= +410]] olﬂo} I, GBH
2 JBH HTollA 354 02 AREH SNP uFA 2] 74 34,8137]0] ATHTable 1). QC 7|52 GBHSH JBH 25 5 U5HA A5

Ao}, EAof o] 85 Z]J7F SNP 7H4~2] 2}Fo]+= SNP chip2] &&(Hanwoo SNP chip/Bovine SNP chip)°ll =2 7 ] 15t 710 2 Al&
Hct

Table 1. Counts of selected samples and markers in this study

o

i

No. of samples and markers

Description GBH TBH
Total number of animals 2,076 941
Animals with a missing genotyping rate > 0.1 18 0
Selected animals 2,058 941
Total number of SNP 53,866 50,908
Undefined SNP and Chr. X, Y 1,671 1,675
Call rate < 0.9 852 2,318
HWE p-value < 0.000001 (1e-6) 577 204
MAF < 0.05 9,317 10,848
for LD analysis 41,449 35,863

GBH: Gyeongbuk Hanwoo, JBH: Jeonbuk Hanwoo, HWE: Hardy-Weinberg Equilibrium, MAF: Minor Allele Frequency

2, SHAUAOl fIx[Sk= SNP EE

Z} 2 A3 (n=29) SNP2] 74>, & Z o], MAF, W+t 7+ JEE Q oFiTH(Table 2). AFGA AW SNP H++ 7H4+= 1,42974
(GBH), 1,2377H(JBH), SNPZF2] AHzg]x}o] = Lot || o] F Z o= 2508.56 Mb (GBH), 2507.35 Mb (JBH), *§< MAF= GBH
oF JBH7F 5 9F 0.27 (0.268/0.271)& WEFSEIL, SNPZH B 2H42 0.061 £ 0.016 Mb (GBH), 0.070 & 0.084 Mb (JBH)Z =
e et F A ¢ = 13 FAA 9] SNP 717} 2,6007H(GBH), 2,4067HJBH)Z 78 EREal, GBH= 28 FAA2] SNP
N7} 72071, JBHA= 25WH GAA 2] SNP 7H4=7} 66571 2 Z2+2F 74 A A Yersth QA dol= F 2|9 25 11 JAA)|7¢
15823 MbE 71 1o, 258 A7} 42.70 Mb (GBH), 42.36 Mb (JBH)Z Zt2- 717 A Urelstth. MAF B3 GBH
7} 7,21, 23, 25%1 FMAol| A oF 0.282 7MY =/UIL 149 %‘.‘WMH 02492 714 Wotom JBHZ| 258 FAAoll A 2F 0.29
2 7P =9k o' FAA0A] 026002 7 Wkt A& W A& = 2| 7he] Zpol= ARS8 SNP chip2] &7, = chipOll
el SNP ufA 2] Zi=eF E4of Z]Qlgt Ao 2 AFE =, U] $h-F tl4 0 2 9175F Sudrajad et al. (2017), Hong et al. (2017),
Lee and Kong (2021)9] Ao} H|wsl| B % o] 1A 3te} of5 § /\]'3]-0“ 11, TS} Bos taurus (cattle) ARS-UCD 1.3 (NCBI,
2018) ¥ Bos_taurus UMD 3.1.1 (NCBI, 2014)9] 2119} FA| xfo] Lfx] 9= A Uellic 9= 4 £33 0|83t Saravanan
et al., (2022), Singh et al., (2021) & Jemma et al., (2019) 5°] B3t Aute} ofF GAFSE O U Salem et al., (2018) 2 Jasielczuk
et al, (2016)2] H119k= T2 /21, 53] Bos taurus B0l &h= PAL, AFEE| 2 o] 59] wFo] v w2 Sk
1,600 o’ o]-&sto] B3t Lu et al. (2012)2} Bl s HH, ohE B2-2 ofF fARGE 2akE Hel o JAA|e] o]zt
2,534.98-2,535.30 MbE o] AFLZATpH T} o7t A B4t o]= SNPZF H+ 7HAo] oF 70 kb= YER o] H AL H o
oF 65 kb) .0} SNP 7H2 0] Hloj A Za} BA ZZ 9l chipol] €l E SNP 07 25 50 xlo|Ql Zl o & AR Ht},
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Table 2. Summary of the SNP markers analyzed for each autosomal chromosome

Chr. No. of SNP Total length (Mb) Mean MAF Avera{IgI;terval Sl D
GBH JBH GBH JBH GBH JBH GBH JBH GBH JBH
1 2,600 2,406 158.23 158.23 0.269 0.271 0.061 0.066 0.055 0.059
2 2,159 1,935 136.70 136.70 0.268 0.272 0.063 0.071 0.069 0.074
3 2,026 1,769 121.40 121.40 0.268 0.272 0.060 0.069 0.061 0.067
4 1,925 1,754 120.64  120.64 0.271 0.277 0.063 0.069 0.053 0.059
5) 1,681 1,477 121.18 121.14 0.267 0.267 0.072 0.082 0.072 0.079
6 2,548 1,814 119.18 119.15 0.267 0.274 0.047 0.066 0.058 0.067
7 2,021 1,566 112.63 112.63 0.275 0.270 0.056 0.072 0.061 0.075
8 1,783 1,692 113.37 113.37 0.264 0.265 0.064 0.067 0.055 0.056
9 1,632 1,440 105.59 105.59 0.260 0.260 0.065 0.073 0.064 0.058
10 1,878 1,506 104.22 104.22 0.264 0.268 0.055 0.069 0.089 0.090
11 1,711 1,516 107.25 107.25 0.269 0.275 0.063 0.071 0.059 0.061
12 1,247 1,179 91.09 91.09 0.267 0.266 0.073 0.077 0.114 0.115
13 1,321 1,211 84.15 84.18 0.271 0.272 0.064 0.070 0.059 0.047
14 1,812 1,296 84.62 84.59 0.249 0.270 0.047 0.065 0.048 0.063
15 1,318 1,184 85.26 85.26 0.269 0.271 0.065 0.072 0.059 0.056
16 1,244 1,114 81.49 81.32 0.270 0.271 0.066 0.073 0.064 0.064
17 1,225 1,078 74.99 74.82 0.261 0.267 0.061 0.069 0.066 0.059
18 1,042 898 65.98 65.67 0.266 0.276 0.063 0.073 0.063 0.061
19 1,113 939 64.01 63.98 0.272 0.270 0.058 0.068 0.051 0.054
20 1,237 1,089 71.79 71.79 0.265 0.269 0.058 0.066 0.053 0.055
21 1,152 1,005 71.14 71.14 0.276 0.274 0.062 0.071 0.071 0.067
22 970 860 61.38 61.38 0.263 0.264 0.063 0.071 0.053 0.058
23 923 747 52.16 52.16 0.278 0.280 0.057 0.070 0.055 0.066
24 995 908 62.64 62.64 0.269 0.271 0.063 0.069 0.055 0.060
25 786 665 42.70 42.36 0.280 0.286 0.054 0.064 0.047 0.051
26 825 765 51.68 51.64 0.269 0.267 0.063 0.068 0.045 0.054
27 744 675 45.37 45.37 0.274 0.276 0.061 0.067 0.061 0.063
28 720 670 46.22 46.20 0.268 0.271 0.064 0.069 0.058 0.620
29 811 705 51.50 51.44 0.270 0.276 0.064 0.073 0.065 0.067

Overall mean (total) 1,429 1,237 (2,508.56) (2,507.35)  0.268 0.271 0.061 0.070 0.061 0.084
GBH: Gyeongbuk Hanwoo, JBH: Jeonbuk Hanwoo, Chr.: Chromosome, MAF: Minor Allele Frequency

3. Rt b 2Y

MAFE 0-0.57}2] 10709] Q|2 FE5to] SNPe] B 5 LeITHFigure. 1). & A9 $h¢ 2% 0-0.05 HeollA 7P B2
SNPO| ERIE|] 1 0] & A Q)5 E H QoA MAFE= 2 BXE Hict 12|11 0-0.05 H<lolA GBHZ} IBHETH 2.2 SNP 7}
5 B o U A] #9]of|lA T B2 SNP 745 UEFITE MAF 0.05 ] % #l9]of|A] o]2{5k = Q212 SNP chipoll 1]
Sk opAZke] A7t A YxIs) Jomz vrehd AvkE AbRE T Kim and Kirkpatrick (2009)2 MAF 0-0.05 #$Joll 4] SNP
F27F 7 BA e, 0-0.05 B9 o] = SNPO| 237} =7 UEFSTE Cho et al. (2012)= MAF 0-0.05 F2]ol| 4] SNP
o) 71 w2 BEE BN Y| oA = 12 FExE Hrt ¥ 2 Li and Kim (2015), Hong et al. (2017), Lee and Kong
(2021)— MAF 0-0.05 ¢]ollA] SNP 7H47F 7H8 =& BEE B, Uz |f9jollA 118 22 & Yep o] A4 utet Hl
25 &S B3I} Espigolan et al. (2013)2 MAF 0.05-0.10 H2JollA] 7} =2 SNPQ] 22 & Ho|t}7} 0.10 MY o] &= 22

12
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SNP2] B 5 LEFATE Saravanan et al. (2022)= MAF 0-0.05 H¢]ollA] 71 =2 SNPe] HiE H ] o} LpH 2] B Q]of|A] H|S:
ShEIE LERLE o|9f o] ke FF 7t Akt efE5 7 Z3te] atol= AREEH A T4, SNP chip®] FFHAH 23] AL 2 SNP2]
N4 2 ZF 22 Aol w2 2o o2 Ak H Tk TS Scheet and Stephens (2006)= MAF7} -8-A &} nf# o] HolAJ-& 7+
A0 & Y25kl QO MAFZF WS 7 ¢ ATETF PO HE 8 UE 4+ Qrt it

16000

mm—— GBH
m—— BH
14000

12000

10000

8000

0-0.05 0.05-0.10 0.10-0.15 0.15-0.20 0.20-0.25 0.25-0.30 0.30-0.35 0.35-0.40 0.40-0.45 0.45-0.50

Minor allele frequency

Number of SNPs

6000

8
8

20

3
8

Figure 1. Distribution of minor allele frequencies in two groups. Red: GBH, Blue: JBH.

4, AR AE XX

-_O TO

SNP# Atole] #2]E 50 kb 7|0 & o] 75 JHE E=E UEFITH Table 3). & SNPA 7= 2+t 776,96671(GBH),
530,35070(JBH)= Al =] Q13 F4t 20] GBHZ} 0.05 + 0.12, JBH7} 0.04 £ 0.092 UEFSTE 50-100 kb 7 2]ol| 4] SNPA-2] 7}
= 27} 45,08370(GBH), 28,1767HJBH)Z 7Hg Bk31, 950-1,000 kb A 2lol| A Z+2} 36,5967H(GBH), 26,1137H(JBH)Z 7H
A A Uebgt). 0-50 kb 2] ol A 2o] ZFZF 0.230(GBH), 0.206(JBH)C-2 7F4 =41, 950-1000 kb 7 2]olA] 22+ 0.028(GBH),
0.019UBH)E 7Hg @A UebstTE. SNP# 7429} 12 25 SNPZE A 2] 7} ool whe} ZhAdh= A5 BRlch B+ r°o] GBH:
0-50 kb 7 2]oA] 0.2300] 2121} 50-100 kb A 2]ol|A] 0.1192 FA3] 24331, IBHZ} 0-50 kb 2ol A] 0.2060] 2 2L} 50-
100 kb 720l 0.1142 FA5HA| 74kl w2t LD7F 52dHe & 4= ISlth. A4 2 & GBHZ} IBHE T &2 #t2 YESHS
™ o] = 0]-85F SNP chip T2 SNP 1}A <] 2to| 2 AFE H ), §h¢- AA9-E o] 85 LDE A9 752 SNPZHe] #2]of up2
LD7} 242} 0.1-0.2 Mb (Cho et al. 2012), 40-60 kb (Li and Kim, 2015), 50-100 kb (Hong et al. 2017; Lee and Kong, 2021) 7{2]°]|
A FAsHA 7tAsk= AuE Ve 2 Hong et al. (2017)7 Lee and Kong (2021)°] o|¥ AL Au}e} SA}6HA| Bi]g)= Ants
UEH BF-E 205 A EH, f3F0l Sohe PAL, AFEE 2 o] 52 ES FAIE Luetal. (2012)2] HA1ot e -FARRH
A}E Ho| 1 Q) Viindavani BRE-2S ATEF Singh et al. (2021)%= 10-25 kb 7 2]ol|A] W o] FAsHA Folt: AnE B
AT}, Qanbari et al. (2010) += H= SNPA 7]=0llA] SNPA Aol ] A 2|7} Hoj A5 SNP 7]+ solute 23S Bl Ht

2 AAS] Zhashs A2 Hlom LD sl Ao 24 AAet A F412 91822 025 o] Eofof ghtfal B3l
TF. E3F, Meuwissen et al. (2001)< r20] 0.2 o)/do]ojof {44 5571 =7} 85%0] =2 4= Ukl BN, Z of2] &
E20| AHHA BA AR S thfst TIAE SNP chipS ARESH= 32 UEFA AL Q102 2 (Xu et al.,, 2019; Mokhber et al.,
2019) 3H9-0] Feolle 22 oS Fogh HAARAA AT B4 FA A 9ol s olH $- BrES HH Q] SNp
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Table 3. Pairwise linkage disequilibrium (r22) for SNP at every 50 kb distance

No. of SNP pairs r~?
Distance (kb) T IBH Mean Median SD > 0.2 (%)

GBH JBH GBH JBH GBH JBH GBH JBH
0-50 38,031 20,327 0.230 0.206 0.099 0.089 0.288 0.263 34.42 32.36
50-100 45,083 28,176 0.119 0.114 0.043 0.043 0.188 0.175 18.02 17.19
100-150 43,434 27,891 0.080 0.073 0.027 0.027 0.146 0.126 10.58 9.40
150-200 42111 27,438 0.061 0.053 0.021 0.020 0.120 0.096 7.42 5.75
200-250 41,072 27,033 0.050 0.043 0.017 0.017 0.107 0.077 5.18 3.84
250-300 40,069 26,989 0.044 0.035 0.015 0.015 0.097 0.063 3.87 2.36
300-350 39,259 26,928 0.040 0.032 0.014 0.013 0.090 0.055 3.28 1.78
350-400 39,208 27,052 0.037 0.029 0.013 0.013 0.086 0.050 2.82 1.39
400-450 38,535 26,707 0.035 0.027 0.012 0.012 0.082 0.043 2.40 1.02
450-500 38,174 26,773 0.033 0.025 0.012 0.011 0.081 0.041 2.34 0.79
500-550 37,638 26,607 0.033 0.024 0.011 0.011 0.082 0.038 2.25 0.59
550-600 37,622 26,704 0.032 0.023 0.011 0.010 0.080 0.038 2.26 0.63
600-650 37,411 26,574 0.031 0.023 0.011 0.010 0.076 0.035 2.08 0.53
650-700 37,342 26,639 0.031 0.022 0.011 0.010 0.078 0.035 2.05 0.48
700-750 37,224 26,612 0.030 0.021 0.011 0.010 0.076 0.033 1.87 0.37
750-800 37,094 26,522 0.029 0.021 0.010 0.010 0.075 0.032 1.83 0.31
800-850 37,100 26,406 0.029 0.020 0.010 0.009 0.078 0.032 1.98 0.36
850-900 36,978 26,343 0.029 0.020 0.010 0.010 0.075 0.032 1.88 0.33
900-950 36,995 26,516 0.029 0.020 0.010 0.009 0.074 0.031 1.88 0.36
950-1000 36,586 26,113 0.028 0.019 0.010 0.009 0.073 0.029 1.80 0.27

Overall mean (total) (776,966) (530,350)  0.051 0.042 0.019 0.018 0.103 0.066 5.51 245
GBH: Gyeongbuk Hanwoo, JBH: Jeonbuk Hanwoo, SD: Standard deviation

g L

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Chromosome
¥ <40 W40-60 = 60-100 m 100-250

Figure 2. Distribution of linkage disequilibrium between pairs of SNP in the physical distance by chromosome.
Left: GBH, Right: JBH.
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chip®| imputation 5 B3t 710 2 AFR HT}
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H, Lee et al. (2011)= S00ATH 2 Ne7} 2,743 R 2Lt 34|t NeZt 9852 ZHAFITE. Cho et al. (2012)+= 45~50Ath  NeZt
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O & ALEETHWang, 2005). 3, 3-9-0] 544 ot S FAI5H] /Al Althd Ne7t 24 502 =|ofoF 5FEZ(FAO, 2000)
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T ACZ AR
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251 Q= AR & LHERE T 1A $Re-0] ATt Ao} S ASHAl HASET 9122 & 4 ATh(Lee et al,, 2011; Cho et al., 2012; Li and
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Kim, 2015; Sudrajad et al., 2017; Hong et al., 2017; Lee and Kong, 2021). EFE-52] 24 A7}l v|walH $He= AHREAF O] H &
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Figure 3. Estimated past effective population size (Ne) by generation from average linkage disequilibrium (r22).
The small figure is an extension from the 13 generations to the 107 generations. Red: GBH, Blue: JBH.
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