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ABSTRACT

Recently, Jersey cattle were introduced and produced in Korea. The number of introduced Jersey cattle was relatively small
compared to the Holstein breed, and there are few related studies. This study was conducted to investigate the differences in single
nucleotide polymorphism (SNP) variations and to characterize linkage disequilibrium (LD) between Jersey and Holstein populations
in Korea. High-density SNP data were collected from 120 Jersey cattle and 921 Holstein cattle. SNP genotypes were identified using
lllumina BovineSNP50 version3 BeadChip, which covers 53,218 SNPs located across all chromosomes. For a fair comparison of LD
measurement, 29,127 markers which were common after quality control in both breeds were selected. The allele frequencies of all
SNP markers were compared in both breeds, especially for the SNPs which showed segregation in only one breed. The measures of
the LD (r?), the square of the correlation coefficient between the alleles at two loci that are carried by haplotypes, were calculated.
Relatively small genetic diversity was found in Jersey population by the statistics of allele frequencies, heterozygosity, r? between
adjacent markers, and effective population size
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Introduction

75 Aatslr] Qlste] mH AA EF o2 2 A SAERIF(Holstein) 0] 2ol 22| F(ersey), 712]%(Guernsey) 501 U
U I SRS SAERIF ule- FFE] o] ATHLim, 2017). 7Hf 2| %] A4 EQlof thgh JARE A BH tfgkA|=A] 7] <l
18851 A F 355 £Ushe 59 B tFEH s RS A0 R Hol= 7| 50| Jolglont =2 {3 Wshdol 3t 24
ERQIZo] Ul AFSE7gol A3tst7] nlltoll 7 i T2 EAERIF O = FUSH 2 HITH(Lee, 2016; Lim, 2017). A A1
2 ZAERIZ ) Hlsl 97 A2 AARE AFR G &0] ol AL T tiH] 1P R v o] =2 RENE o= or S
2] 121 (Lim, 2016; Lim, 2020), 53] UjA]4J(Heat Tolerance)°] 23t F5 0= of & Bt 7|20| 4&ot= f-2luete] 715 Hsto
H|E 4 Qle A4 ZZ S HFo] F 4 QoK Smith et al. 2013; Lim et al., 2021).
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U A AF2] =Y 2010 A4 F59] % AFto] 7§ o] ol 243t 2oz, 4 JA|l7t Ao FThe] fH4
’8°](Gene Pool) OFA7HA| = ol Atk & 4= Qloh. - 27}F 442 2 9] 72 oA (Polymorphism) -4 2] H|E0] =7] w)
=ol| 44 Tt 72 S(Genetic Diversity) 9J8liAl= o MYt )7} H astckal 3 4= Qlth(Stachowicz, 2011). 22 oA
L g7 350] ojgt wio] §.410] WAysInl, WATATE ZAIHE AT Feh o] 2olH] eke] 2HALTY H4T 4 ek
(Falconer, 1981).

AuiAS FHA] R E 0]-83F A¥HE 3 (Linkage Disequilibrium; LD)] 42 AT
o], £alst 2o A AtE ABEHEe Yoizk 47 tlapd o] AhA H] o] o] &

m&ﬂ&

447 2

BEEYe % 9k Qe EEe) 27 sNp =

£ M (Microsatele) A/ 212HE 3 cersil 57 7satol, kel R4 ciepiol 3 2% AP THE ol % o)

7+ Ak @igo] WA A So) X3 BHgo) Lol B AR whi)2 WA 2B ThQanbar et al, 2010). A2

=72 oz Mdto] e Z_}@x_q' o2 ZHAY FAFAZY(QTL) e =12 AMEE 7] % SHKde Roos et al., 2008;

Frances et al., 2020). =5+ QHiA|Y /8= ol F= T ni7i7te] 2214 712] 8 AdHE8P =S 5ol Fadd & 34T+ 3
o, o= & M e f394 oA Erjuhs §34 AT S 7 4= A TH(Cho et al.2012; Do et al., 2014).

Z| 2ol AqtE 2 EQ)E] o] Aol FA5HE 22| F o] 7] uZol] TAER] FFol H|sto] iAoz A7} Z o] Foj 2] ]

ENom, 55| f4 S50 P Ul Ats ol £ A olnh 2 A9 542 AR AEE R AAIE FAA Hejol

<{

FAA YRE ol ggho 2N o FUsL AWH VS 75 she 2R, 719 $EYR 2 P ®etohet 1
= RAAHEE Bolo] o] 9114 T B of PP Bsly] Agolnh ol S gistel A T 9 BEA E2et
AFTT AEFFA AXF o] A YRS 235 ] f04 chepyz e 2718 24 Blwsli ol g e s
& F71H AR ol B0l He V12 AR H8E 4 A Ao oldEch

Materials and Methods

SHMXI=E
2 Aol o] & W& FAA| R = EAEIFT JE AAF AT LFo ’\1 % ‘% &§°] SNP chip=(Illumina BovineSNP50
version3) ©]-&5}0] FAH A AR R F SNP I 45 53,2187110] 2L A A F-2 120, %’\E}?JZ—E N15F7}F2Aof| o] &5
At A % 2 finalReport 34| 9] HIAE m}oloj| A FE61o] FH o] E= 7“3}‘}91 Dﬂl F ol A A Rle W 5
A7t R =g Alsbsto] vl watgieh & Heke] f4| R E vl wstr] 9lsto] g & FZol| ARt fdAkg o] 1 E 795 B
o, o] & 3dA] HAFe] EEA T fHzt = HALE Al4lsk3ict
olptE Y HA
Ao e F7H ez F4517] 9l5to] °‘HH111 07 JdE]ojz|= F &ele] v AR BT FAl o] Ao g
UEtH o2& ABET Y 2AS AAISIITH AHEEY 242 floiA F 55 2504 MAF (minor allele frequency)”} 0.05 ©]
&, A5E°] 10% ok, A of] A5t A] Eﬂ’i‘l 2] %7 E(SNP position)”} A5t HEAETE FE5}0] 0|85}t o] 14
oA F FFollA ARHE| o 2] = SNP BF#7} A 2 T2 7] Ueh7] wiiol] F E50lA S55= n7Es 22 A1, 29,1277 1)
7171 A== Ao}
Y QAA W AHEFE S FA517] fIe = otliet 2ol Alktstelth
2 b

"~ p(AY) X p(A2) X p(B1) X p(B2)
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o714, p(A1), p(A2), p(B1) Z p(A-)= AT A = B F 29 9] ZH & 537 (biallelic) ¥1 %= 527 A} 0|, D= ofefjet 2ot

D =p(AiB1) X p(A:B:) —p(AiB2) X p(A:B1)

7] A, p(AiB1), p(A2B2), p(Ai1B2) E p(A:Bi)= AT W A = B F 299 i 322 A H LufAge] vlzolot. &= 29
7} 2% o|gd AL, duljA|F o] AiBi/A:B: Q14| AiBJAB: AR T8 4> 917] wfEof| EM algorithm (Expectation Maximization
Algorithm)E ©]-8-sto] 275 52 AlLtsto] HslFo] AT o]t (10%) A wizhz] ¥hg Aststo] dufjxgel RIEE 3=
g5t

Ha=HAdS 0|80t Hete| ReEH3T| £
Sved (1971)= S O7HEAYSHA] b=th= 7Hgoll A 22 71t x| ek f- a0 T2 7| (Nojoll that TA| A& ofzliel Zho] HhaEs Tt

1

BO= e

7] A, ci= Morgan ©9] 2] 0FAZE A=jo|H, Alth() ' N. =42t = ZLOH 1cM(centimorgan)= 1Mb (mega base pair)Z-8-5}0] #|
Absloict. ‘

Results and Discussion

=% S04 RHH Ciekd xto| bl

5 A5 9704 BRE vlws}) Sstel 3 & FXo) ek §AAFe] DY A9E FAYom FUA WYY FEUD E
A RIS H] W SHRA T Table 101412k 2Ho] A A] & et SEAER] Yo oA thg o] st 2 il g Aol
A 2,7267) BRAE o H, A 2] F ol A= T d ol EAlisHA] Fort S2AER] Fdol| A= ¥ol7} EAishs riF = 10,1170, |F
tiz2 A A)F Aol thg ol EAliske ni = 41707 T2 = of SAER] H Tl {704 vheddo] &4 o A Yehd=
2 gl 4 Ak
Table 1. Number of SNP markers which were only polymorphic in specific breeds
Condition all SNP markers markers on autosomal chromosome
no segregation in Jersey 13,275 12,621
no segregation in Jersey / segregation in Holstein 10,502 10,111
no segregation both in Jersey and Holstein 2,773 2,726
no segregation in Holstein / segregation in Jersey 46 41
no segregation in Holstein 2,819 2,551

A U] B3 8 520 1 A1 g 1o EASACE g ol 2] ol bS8 349 WL sl bo
ol 0.12 UERtoLt E5 8 S WL 2hol7} 08 ol4te] 2 BALE Boli= vl17} 647H, 09 0] 4-S L= A= 5747}
ZAE|o|(Table 2) 0|23k T2 288 49 E% 54 2o 8 4 9IS Ao ARHT} RE vp7lo] B ol HAA Wl
B EAEL] Yol 030, 4] WA= 02602 L} SAE] ko] o @ daA) w7} o 7 ety
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Allele frequency deviation between Jersey and Holstein population
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Figure 1. Absolute allele frequency deviation between Jersey and Holstein by chromosome (1 to 29)
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Figure 2. Distribution of allele frequency deviation between Holstein and Jersey breed

Table 2. SNP markers which were breed specific (allele frequency deviation over 0.9)

SNP name Chr. Position Heterozygosity deviation Absolute allele Frequency deviation
BTB-00557585 14 24,607,527 0.007 0.967
Hapmap51736-BTA-50602 20 41,777,888 0.008 0.951
ARS-BFGL-NGS-116590 4 77,635,835 -0.032 0.926
ARS-BFGL-BAC-5705 2 103,707,675 -0.073 0.916
Hapmap48352-BTA-47529 2 47,873,555 0.115 0.911
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SSE =Ty Hu

L

FA A HolA st AT ol EAE TS HelohA| 17 flsto] 22 SN ulAge] 23Ho & e Ul &
5t LDy AlLSHITE Table 301 2 AAAE LAl 2ok 4 2 81t 5 A npARt 2 W2 542 Ueiioh AA| S A
O] LD7} E-E WFA*(SNP marker pair) -2 /g%t QulAE gtolu I nirgo = S/deh duiAg gatollA L7 SAER] A
hofl H]sko] A UEbgom, o] &= A A|F o] {734 thddo] BEsto] mir7h dto] AshA| Uehd 212 2 of . o] 2
St /d2 2214 7121*2 LD (LD Decay) 245 F5E = LERA Fig 30114 =291 G444 ofl, 10 Mb71A] FA]) g &siA| =2t

AUEHF =S Uetdle res e FHA] EA5H=(Syntenic) PEAZE 2|4 AZ7 45 AW =7t RokAl & 432
Ho|=tl, Fig 39| EAERRIZM & o|2{gt d/do] HasHA UetUAIT A A F2] 3¢ =214 72|71 7 ui7ig Atolof M= 7
o] sl Lrefuhs @/l Eeltt o] 22 niA % Atolofl matad go] dofid 7iA|l 7t Heh Ul iAoz 22 2oz ark
=

204 thepydo] e 2 ofnjgict

jm]
U

Table 3. Number of Haplotypes, average r2 (all and adjacent) by chromosome and breed

Number of Jerse Holstein
Chromosome Hapolotypes All : adjacent All adjacent
1 1,648,020 0.043 0.374 0.013 0.267
2 1,014,600 0.043 0.387 0.014 0.257
3 937,765 0.044 0.363 0.014 0.246
4 925,480 0.043 0.339 0.013 0.230
5 753,378 0.042 0.325 0.015 0.253
6 1,437,360 0.055 0.437 0.016 0.320
7 1,076,778 0.046 0.398 0.022 0.322
8 808,356 0.045 0.327 0.015 0.251
9 642,411 0.046 0.352 0.016 0.257
10 889,111 0.042 0.346 0.019 0.311
11 816,003 0.040 0.312 0.014 0.233
12 444,153 0.043 0.296 0.016 0.227
13 352,380 0.046 0.322 0.018 0.232
14 539,241 0.046 0.323 0.018 0.274
15 450,775 0.044 0.318 0.015 0.211
16 491,536 0.052 0.326 0.020 0.294
17 409,060 0.049 0.292 0.017 0.238
18 297,606 0.045 0.335 0.015 0.216
19 289,180 0.049 0.315 0.018 0.231
20 389,403 0.076 0.452 0.024 0.306
21 339,076 0.051 0.339 0.018 0.256
22 238,395 0.048 0.299 0.018 0.232
23 218,791 0.051 0.305 0.022 0.251
24 255,255 0.051 0.312 0.019 0.235
25 141,778 0.057 0.300 0.021 0.209
26 167,331 0.053 0.308 0.023 0.224
27 154,290 0.053 0.303 0.019 0.192
28 122,760 0.053 0.265 0.019 0.184
29 182,106 0.059 0.299 0.021 0.200
Total 0.047 0.344 0.017 0.256
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Figure 3. LD decay plotting (BTA(Chromosome) 29) of Holstein breed (upper) and Jersey breed (lower).
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Estimated effective population size (Ne)
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Figure 4. Historical effective population size (Ne) in Jersey and Holstein breed

Conclusion
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