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ABSTRACT

Reproductive trait of cows are important factors affecting pregnancy and calving cycle, and a short calving cycle leads to increase
productivity of livestock, so improvement is essential. However, the improvement standards for reproductive traits and studies on
causative genes are insufficient. Therefore, in this study, GWAS (Genome-Wide Association Study) analysis was conducted on Hanwoo
cow in the Gyeongsan provice. Heifer traits were FS (Age at 1% service), FCO (Age at 1% conception), FCA (Age at 1% calving) and 874
animals were used for analysis, and cow traits were GL (Gestation length), DO (Day open), Cl (Calving interval), NS (Number of service)
and 741 animals were used for analysis. Hanwoo 50K SNP (Single Nucleotide Polymorphism) BeadChiop was used for the genotype,
and 37,903 SNP markers were used for the heifer trait and 38,011 SNP markers were used for the cow trait through the quality control
option of less than 1% minor allele frequency, more than10% missing genotype, less than 10¢ HWE (Hardy-Weinberg Equilibrium)
on the PLINK 1.9. Thereafter, the genome-wide threshold level was determined using the Bonferroni method, and SNP marker were
identified according to each trait. As a result, three SNP markers on chromosomes 12, 13, 24 in FS (ARS-BFGL-BAC-830, BTB-00532606,
ARS-BFGL-NGS-33785), and two SNP markers on chromosomes 3, 20 in GL (BTA-94162-no-rs, Hapmap47647-BTA-50780), and two SNP
marker on chromosomes 27, 28 in NS (ARS-BFGL-NGS-58109, BTB-00973399) were identified. Then, the seven candidate genes with the
closest significant SNP markers were identified. Among them, PCK1 in FS is a gene that affects the promotion of progesterone activity,
and it has been reported that it is helpful for reproductive efficiency by affecting follicle development and pregnancy rate. In the future,
if additional research is conducted by setting up suitable models for reproductive traits and continuously increasing the test population,
it is judged that it will be possible to clearly identify causative genes for each trait.
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Materials and Methods

SANE & BHEEH
£ Q170) AHGH AL YZYTUSIL /1Y GASTOIN AL FA e = 3
of B2, o 8l o] B st 40w, FABE A Lol M| E 2312 B8] EAYHRE SUHeITE WAY
A (Age at 1% service; FS), 24 L7 (Age at 1* conception; FCO), AL (Age at 1% calving;
FCA)°| 3l 4 He-E t &5k A2 Y4171 (Gestation length; GL), 5 € 4*(Day open; DO), =7 F4(Calving interval; CT), ~EH
F5-314E& (Number of service; NS)©| ™, Table 12] 'S Sl 7| =5}Athol %, £442] &old& s HExE wh=A| = ©l
A

22 A AT, H|2H 02 AR A ofl= 8745, ZARY & Alof| = 741 571 B A of) AFR-E| Qi)

P>
=
3
4n

Table 1. Reproductive trait collection method

Type Trait Collection method

Heifer FS The number of days until 1* service by heifer
FCO The number of days until 1* conception by heifer
FCA The number of days until 1* calving by heifer

Cow GL The number of days from conception to calving
DO The number of days from calving of cow to conception of the next calf
CI The number of days from calving of cow to the calving of the next calf
NS Success rate of service per parity

FS: Age at 1* service; FCO: Age at 1% conception; FCA: Age at 1% calving; GL: Gestation length; DO: Day open; CI: Calving
interval; NS: Number of service
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GWAS model
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Table 2. Basic statistics of reproduction traits

Type Trait No. animal Mean=+SD Min Max
Heifer FS (Day) 874 409.7£60.7 222.0 602.0
FCO (Day) 874 432.4£71.8 222.0 653.0
FCA (Day) 874 720.2+71.8 502.0 939.0
Cow GL (Day) 741 288.91+4.35 276.0 302.0
DO (Day) 741 98+41.4 25.0 222.3
CI (Day) 741 387.1+41.2 311.0 511.0
NS (%) 741 0.7+0.2 0.1 1.0

FS: Age at 1% service; FCO: Age at 1% conception; FCA: Age at 1% calving; GL: Gestation length; DO: Day open; CI: Calving
interval; NS: Number of service; SD: Standard deviation.
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GWAS Z1}
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Figure 1. GWAS results for FS, FCO and FCA are presented as Manhattan plot and Q-Q plot. (GWAS: Genome-wide
association study; FS: Age at 1% service; FCO: Age at 1% conception; FCA: Age at 1% calving)

Table 3. GWAS results for heifer traits

Trait Chr SNP ID bp Allele MAF P-value  Closest gene
FS 12 ARS-BFGL-BAC-830 44,628,599 A/G 0.217 2.44X10° KLHLI
13 BTB-00532606 58,632,858 A/G 0411 141x10° PCK1
24 ARS-BFGL-NGS-33785 62,130,639 A/G 0.197 2.08x10° SERPINBIO

FS: Age at 1% service; Chr: Chromosome; bp: base pair; Allele: Major/Minor; MAF: Minor allele frequency
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Figure 2. GWAS results for GL, DO, Cl and NS are presented as Manhattan plot and Q-Q plot. (GWAS: Genome-wide
association study; GL: Gestation length; DO: Day open; CI: Calving interval; NS: Number of service.
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Table 4. GWAS results for cow traits

Trait Chr SNP ID bp Allele MAF P-value  Closest gene
GL 3 BTA-94162-no-rs 76,406,790 A/G 0.232 2.17X10° DEPDCI
20 Hapmap47647-BTA-50780 50,718,981 G/A 0.448 2.28X10° CDHI2
NS 27 ARS-BFGL-NGS-58109 29,009,479 G/A 0.282 4.27X10° FUTI0
28 BTB-00973399 1,093,973 A/G 0.170 1.42x10° RAB4A

GL: Gestation length; NS: Number of service; Chr: Chromosome; bp: base pair; Allele: Major/Minor; MAF: Minor allele frequency
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