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ABSTRACT

This study was conducted to explore the genomic information significantly associated with the pH concentration of Hanwoo meat
and to perform functional interpretation of the candidate genes. pH concentrations were measured from 135 samples of Hanwoo,
and SNP information was generated using the Hanwoo GeneChip v1. The phenotype of pH concentration and SNP information
were used in GWAS (Genome-Wide Association Study). A total of 44 significant SNPs were detected in the analysis (p-value < 0.001).
Chromosome 29 had the highest number of significant SNPs (6 SNPs), Chromosome 7 with the second-highest number (5 SNPs).
Gene ontology (GO) and KEGG pathway analysis using DAVID identified 3 significant GO terms in Biological Process and 1 in Cellular
Component. Additionally, a total of 2 pathways were identified through KEGG analysis. The significant candidate genes were found to
be closely associated with the regulation of phosphorylase enzymes or mitochondrial energy production functions. These research
findings are expected to be useful data for future development of digital breeding technologies.

Key words: genome-wide association study (GWAS), Hanwoo, pH

INTRODUCTION

% SNP g2 o] &3t FHA| B7HE Fofl 7152 BAFE 4589 oS0l 7Hs5H| B 2 ThHMeuwissen, 2009). L2] 2l THF
St Aol thsh A AT —,‘f—’\ ATHGWAS: Genome-Wide Association Study)E- &l Y22 22|(QTL)S] =0l =3} =1 Ut
(Hawlader et al., 2017). h$-= AR t|o] EjH] o] A A| ARN(FEXEH FAHE. 2017)& 55t 458 B7lstal ol &

Jo |

R gean0] A A Aol -85 Qe N A A Aol §4] HEE B-EPHA Mpal] §358 7 =TT ek gl o,
T NGl A&A e Foohs AE o 7ﬂ At TR M i 4t =P (EAT, SATHA, SAE A, WA
)7 AY D 284 450 BeE YA POR A HRE o) 8F fA5 W7 YR E SEHANF FAPALL F
Received July 07,2023 Revised September 20, 2023 Accepted September 22,2023

Copyright © 2023 Journal of Animal Breeding and Genomics.

a This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



A study on searching for candidate genes associated with pH concentration in Hanwoo meat using GWAS(genome-wide association study) and functional
analysis

5| o] 2] (www.lime.co kr) & &3 11]:6'—0}51 Atk - s7HER] oM o] fA] A H e F-8-2 Z7Fe| o] M A A AR A
H 2 AAE Foto], ARRA 2 A SA 02 A B7F A o] JE AL Jlom, = 4T AP E(EAF, AT
A, SALEA, ZUHA T E)yS SA 02 24 o] o] Fof x|l gl

2| ok 7HA o) H=ta it go] S7F 1E|al A 5 AR EAY o2 ok ARl ] 917]7} 7S E| AL Sle d Aol gy
o= ‘-H Z]HPJ s i7ﬂ IHEo] S21 FH|E =ol& WF o & JleFo] R = ofYTH(Lee et al, 2014). SHA T, ZUHAY =S
11 Rl om, Hateh= AH|Rke] Qo] T}~ ol o250 Qltt. o]=fgt gt
ol tigh A7 ohFsiAl AP 2L Lo, KA 7|Hke] o8- 7= 7iEE ¢
E/dof| thst GWAS 7} B ¥} QITHLee et al., 2010; Kim et al., , 2011; Hyeong et al.,
2014; Bedhane et al., 2019). SFA| 9k, $H9- 4] 8-0] pH 5T+ 2 njxl= Aoz dHA AN HHE A=
oba] n| &gt fFoltt. 49| Hrhe TUAIES] SHo] 7MY F235 Q1o = A-gskal QIA|TE 7] o] Al B4 T
TS JA F83t aglo = A-8HTh AK9] pH F = 117]9] Mt By 13]31 Tl ol 7kA] S Bl
2 Ao ¢ o3t F4 F ofufolth. 53], B4 A5 7ha Al Al g0l 2 I Pl L, 459 ‘Jf“—?%é’
Stedrlettsd 2 de 5 = % dthuol l‘“}(Barge etal, 1991). w2hA] 2 A= 3he- A2 p
o Y= Plx= A Y EE Aok A S H{AAE0] 75 oA A5 Fofl T FAQ A 7= el e
ZPEE SH3517] 9fof) 4= U

o
T =
Al 1l 7(]71—]14- 71—2_ a7 %7\1 E

=

]

?

k)

lo o r

=
A
2

_|>~

H1 ox

o
ﬁ
rlr
ofN
Fo
rok
Fo
r£

=
o

I

N

rol B l‘U[o e =
e
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Figure 1. Flow chart relatedtoGWAS analysis using genomic and phenotypic data
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Table 1. The basic statistics for phenotypic data.

Traits N Min Max Mean SD
pH 135 5.395 5.675 5.498 0.057
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Table 2. The number of available SNPs and average interval distance between adjacent SNPs in Bovine SNP50k
chip.

BTA Number of SNPs Remove Fre. (%) Mean of Interval SNP

Before QC After QC Before QC After QC
1 3,225 2,909 0.902 49.037 54.365
2 2,756 2,444 0.887 49.614 55.94
3 2,582 2,280 0.883 46.937 53.157
4 2,479 2,214 0.893 48.678 54.507
5 2,156 1,912 0.887 56.185 63.359
6 3,158 2,820 0.893 37.698 42.218
7 2,481 2,250 0.907 45.316 49.971
8 2,246 2,011 0.895 50.339 56.224
9 2,077 1,858 0.895 50.802 56.793
10 2,357 2,085 0.885 44.216 49.987
11 2,181 1,915 0.878 49.164 55.997
12 1,651 1,427 0.864 55.118 63.776
13 1,684 1,521 0.903 49.829 55.173
14 2,274 1,965 0.864 36.583 42.338
15 1,681 1,486 0.884 50.437 57.06
16 1,599 1,420 0.888 50.947 57.374
17 1,567 1,386 0.884 47.84 54.07
18 1,303 1,167 0.896 50.231 55.883
19 1,380 1,243 0.901 46.078 51.16
20 1,571 1,388 0.884 45.602 51.618
21 1,398 1,255 0.898 50.893 56.697
22 1,212 1,085 0.895 50.55 56.472
23 1,124 1,019 0.907 46.505 51.175
24 1,230 1,108 0.901 50.745 56.137
25 939 847 0.902 45.633 50.596
26 1,032 922 0.893 49.511 55.324
27 918 823 0.897 49.435 55.149
28 905 799 0.883 51.126 57.873
29 1,029 921 0.895 50.084 55.546
Total 52,195 46,480 0.891 48.453 54.343
GWAS 3! o2t SNP B

GWAS £41-5 9J3l] BLUPFOO-S AHE-5Fo] AP 2AE AlAlsta, = g 7He] Zo|Ql ZHxHE: Q15 Th(Table 3). 4182
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8153 Ch(Figure 2). 39 A1 8-9] pH5-E2F -3-2] 2 Q1 AT/F-S 7171 SNP2] &R1S- Q]3] Z} g o) 7} Aol m]2]= a3to] p
2 o853t 7z sNPe] S A A A ] 9] 2] 2} -logl0(p)S ©]-&-3l Manhattan 222 21J5}10] Figure 32} 41| A|A|51Ic 241 2

Table 3. The basic statistics for results of BLUPF90 analysis.

Statistics N Min Max Range  Mean  Median SE VAR Std.dev  Coef.var
pH_observation 129 -0.060 0.062 0.122 0.000 0.000 0.002 0.000 0.020  218.191
pH_estimation 129 54 5.680 0.28 5.500 5.499 0.005 0.003 0.057 0.010
pH_residual 129 5.382 5.668 0.286 5.498 5.499 0.005 0.003 0.058 0.011

SE:Standarderror; VAR: Variance; Std.dev: Standard deviation; Coef.var: Coefficient of variation
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Figure 2. The QQ-plot for the studied pH trait. The dotted line represents the 95% concentration band under the
null hypothesis no association between trait and SNPs. The green dots represnt the P-values.
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Figure 3. The Manhattan plot of SNP effects for GWAS analysis using GRAMMAR methods in PLINK.
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Figure 4. The Manhattan plot of GWAS for pH trait with significance thresholds indicated at -logl0P > 1x10-3.

The orange dots represent significant SNPs associated with pH trait and purple dots represent genes related to
significant SNPs.
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Table 5. The results of gene ontology (GO) analysis of candidate genes associated with pH trait from GWAS
analysis.

Biological Process

GO ID Description #Genes Fold Enrichment P-value Gene Name
GO:0007420 brain development 4 10.984 0.005 IMMP2L, ODAD3, SCTR, BPTF
GO:0007264  small GTPase mediated signal transduction 3 11.534 0.027 RHOT1, ARHGEF18, SOS1
G0:1902017 regulation of cilium assembly 2 34.398 0.056 ODAD3, SYNE2
Cellular Component

GO ID Description #Genes Fold Enrichment P-value Gene Name
G0:0000159 protein phosphatase type 2A complex 2 43.191 0.044 PPP2R2C, PPP2R5E

Table 6. The results of KEGG pathway analysis of candidate genes associated with total collagen contents trait
from GWAS analysis.

KEGG ID Description #Genes Fold Enrichment P-value Gene Name
bta04071  Sphingolipid signaling pathway 4 10.042 0.006 PPP2R2C, SPTLC2, PPP2R5E, SGPP2
bta04151  PI3K-Akt signaling pathway 5 3.974 0.032  PPP2R2C, PPP2R5E, GNG7, SOS1, SGK2

GO &4 43} Biological ProcessOl|A1+= 37112] GOollA] 97]9] F2+E &HRISHRITY. Cellular Componentol| A= 1712] GOol|A] 2
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development(GO:0007420), regulation of cilium assembly(GO:1902017)°l|4] 7]'5-0] E21=] %It GO} KEGG EFol|A 7]50] &1¥
2= 2 37H(S0S1, PPP2R2C, PPP2RSE)7} 2491 E] %12 H | SOS1 -3 A= small GTPase mediated signal transduction(GO:0007264)
o] 4|, PPP2R2C2} PPP2RSE 3% A= protein phosphatase type 2A complex(GO:0000159)°1|A4] 7|-5-0] &-21%| ¢t}
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etal,, 2021).
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slish= 202 A A Q) o] = Mo el d Bk g%, B8} o] 5] 5 ThFSt EH 2|20 S e e st A

© 2 2F# A 1th(Choudhry et al., 2012; Rybicka et al., 2015).
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