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Abstract This study was conducted to identify Chikso and other breeds through the evaluation of
molecular biological characteristics instead of the existing method of distinguishing the Chikso breed
through difficult-to-define hair color. We developed single nucleotide polymorphism (SNP) markers that
discriminate between Chikso and non-Chikso (Hanwoo, Holstein, Jeju Black, and White Hanwoo) using
the Illumina BovineHD SNP 777K Bead chip and 5 other breeds of cattle. A total of 112 SNPs with a
minor allele frequency (MAF) difference of 0.3 or more were obtained between Chikso and other breeds.
A linear model incorporating genetic variation was created using stepwise regression. The 21 SNP
markers for the Chikso discrimination were finally constructed by substituting them into the additive
model. The genetic marker set developed showed 100% accuracy for 96 Chikso and 190 non-Chikso
breeds. Using these markers, the Chikso breed can therefore be accurately identified through molecular
biological methods. It will be possible to use these methods in various fields of agriculture and food
production through the systematic and scientific establishment of livestock genetic resources. The results
of this study constitute a unique biological resource in Korea based on genetic research on the Chikso
breed and could be used as basic data to enhance its value as a breeder.

Keywords : Chikso, Hanwoo, Illumina BovineHD SNP 777K Bead Chip, Minor Allele Frequency (MAF),
Single Nucleotide Polymorphism (SNP)
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2.2 2A9H
2.2.1 SHXE 24
SAAEZHE A FAMEo|A Wizard Genomic

DNA Purification Kit (Promega, Madison, WI,
USA)E ©]&3}9] genomic DNAS &35t} B34
=74 NanoDrop 1000 (Thermo Scientific, Waltham,
MA, USA)SZ gDNA9] 5= &4 ¥, BovineHD SNP
777K Bead chip (Illumina, San Diego, CA, USA)S.
B fAAE B4 AASHITH10]

GenomeStudio V2011.1 (Illumina, San Diego,
CA, USA) £2ZEQolE o] &3t #4& &6l ¢l &
SNPE] 7lo= 777.84370% 21, o] T FAA| HH7t
fli= SNPe} v EFZEg]ot Bl JFAA o] EA5h= SNP
£ AAsIATE. Call Rate?} 98% olst, -5 |l
T (minor allele frequency, MAF)7} 0.05 ©|9kQ1 SNP
S AATIAL, FEEE SNPE AAS HF 49

Table 1.

o]-83t SNP A+ 652,45370%t}. SNP & Variation
Suite 8 (Golden Helix, Bozeman, MT, USA) £ZE
o1& o]&sto] ZF SNPS] MAF difference (349} ot
£ EF 719 Zo] AighS AAISEL, Fisher's Exact
test (Genotype)& B3l MAF difference®] 44 &
O (P-value)& AlAsFAtHTable 1).

2.2.2 HAHA

@0l 24

HpME D

H SNP2| MAFE 7|¥to g SRS
O(HolA FAREFA, AA), 1C1ZHTA, AB) 181
2(ttoly FF A, BB)E &5t MAF(0.3)]
A §olZel AolZ Hol 112719 SNPE A=H5]T}.
SAA WS AMESte] §44 Blolg Stk
A mdg fEQiT

Stepwise marker selection analysis: SNP markers for discrimation between Chikso and other breeds

(Hanwoo, Holstein, Jeju Black, White Hanwoo)

No. (csigglil?’) ChipID Chr Position Alleles MAF fl;;/la 1;1116(3)521
1 rs110875712 BovineHD1900002816 19 10218824 ™G 0.584 7.82E-12
2 rs109219403 BovineHD1000029143 10 100665575 AG 0.229 4.98E-18
3 rs136080674 BovineHD 1800004696 18 14635894 GT 0.287 5.80E-08
4 rs135929827 BovineHD 1800019539 18 14843950 oT 0.013 7.18E-45
5 rs41897038 BovineHD 1900002306 19 8471975 OT 0.168 5.34E-20
6 rs134353733 BovineHD 1800004729 18 14822319 ™C 0.013 3.10E-43
7 134697549 BovineHD 1800004723 18 14783535 AG 0.021 2.11E-43
8 rs133504917 BovineHD 1800004666 18 14440904 AXC 0.263 3.69E-07
9 rs136515647 BovineHD 1800004356 18 13165712 GA 0.287 1.22E-15
10 rs41646624 Hapmap40010-BTA-59286 1 29242993 ™G 0.616 1.90E-22
11 43638582 BovineHD 1000020062 10 70070114 ™G 0.513 6.38E-14
12 rs110016769 BovineHD1100010931 11 36952832 GA 0.595 9.71E-14
13 rs135468039 BovineHD2700005683 27 20007899 AC 0.329 1.23E-10
14 43323258 Hapmap49627-BTA-48925 2 109253408 ™C 0.355 2.67E-11
15 rs110094408 BovineHD0600007584 6 27468918 OT 0.203 2.82E-10
16 rs109193617 BovineHD 1100028160 11 96946154 AG 0.255 7.52E-15
17 rs110930723 BovineHD0900003264 9 12623310 TC 0.234 7.50E-11
18 rs134226650 BovineHD0800011111 8 37234399 ™C 0.179 4.02E-13
19 rs135882339 BovineHD2700003663 27 12594395 OT 0.341 4.99E-11
20 rs133234554 BovineHD0600002043 6 8740751 AG 0.384 4.71E-09
21 rs133900865 BovineHD0700030741 7 105168965 GYA 0.355 9.36E-13

Chr: Chromosome.
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SNP,: ¥l SNPe] vlolu] dekfa #7kat
(AA=0, AB=1, BB=2)

Bo: AH(intercept)

Bn: nHA SNPO| A<

SNP:X B

1127119] SNP 7712 2do] F7tstal ghEo] 7MY
£ SNPE AEsiqlth. &89 771 f9%od 1
SNP= Edof] 3=, A F71HE SNP F skt
Prvalue7t $91401%] 9 B shet SNPE 2]
AAEIe olefe o] ¥REg B3] Pvalue A%
0.003% °l-g3to] AEE SNPE F7Hel= dlo] 2hs
o WAEIA growl S FRolAT. & 21719] NP
7t olelgt #4 ol% geldow Hlugrh

Table 2. Breed discrimination model between Chikso

and other breeds (Hanwoo, Jeju Black,
White Hanwoo, Holstein)

Breed Prediction value = 1.11486 + rs110875712 x 0.05985
+ 15109219403 x -0.04662 + rs136080674 x 0.10858
+ 15135929827 x -0.1992 + rs41897038 x -0.07566
+ 15134353733 x 0.55892 + rs134697549 x —0.47284
+ 15133504917 x -0.16675 + rs136515647 x —0.07524
+ 1541646624 x 0.06872 + rs43638582 x 0.08672
+ 15110016769 x 0.04238 + rs135468039 x —0.04216
+ 1s43323258 x -0.08041 + rs110094408 x —0.06971
+ 15109193617 x -0.05585 + rs110930723 x —0.07817
+ 15134226650 x -0.07988 + rs135882339 x —0.04858
+ 15133234554 x -0.04965 + rs133900865 x -0.08575
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99| zjol(y 0.3)<F st WA HEF =ik 1
ulA] AR 98 44529] SNP (n = 112)7F A= E9)
FAFL 7HHA mEoA Q) ol 94
4 2T F U A2 AHo|A T, 9
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Fig. 1. Observed and predicted values of Chikso,
Hanwoo, Holstein, Jeju Black, and White
Hanwoo breed. We plotted the observed and
predicted values of each breeds by
calculating the coded genotypes with the
discrimination model.
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