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Abstract

This study was done to search for positional candidate genes associated with the back fat
thickness trait using a Genome-Wide Association Study (GWAS) in purebred Yorkshires (N
= 1755). Genotype and phenotype analyses were done for 1,642 samples. As a result of the
associations with back fat thickness using the Gemma program (ver. 0.93), when the genome-
wide suggestive threshold was determined using the Bonferroni method (p = 1.61 X 10°
°), the single nucleotide polymorphism (SNP) markers with suggestive significance were
identified in 1 SNP marker on chromosome 2 (MARC0053928; p = 3.65 X 10°), 2 SNP markers
on chromosome 14 (ALGA0083078; p = 7.85 X 10, INRA0048453; p=127 X 10®), and 1
SNP marker on chromosome 18 (ALGA0120564; p = 1.44 X 10°). We could select positional
candidate genes (KCNQ1, DOCK1, LOC106506151, and LOC110257583), located close to the
SNP markers. Among these, we identified a potassium voltage-gated channel subfamily Q
member gene (KCNQ1) and the dedicator of cytokinesis 1 (DOCKI) gene associated with
obesity and Type-2 diabetes. The SNPs and haplotypes of the KCNQ1 and DOCKI1 genes can
contribute to understanding the genetic structure of back fat thickness. Additionally, it may
provide basic data regarding marker assisted selection for a meat quality trait in pigs.
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Yorkshire E-2 Wo}15.0 2 SA4EIgo, Talol §83(Meat (el 2 /Slo] §00] FB3tck B WA
Sefa mg o] 9510] Landrace % S Duroc 3} ool <Joh AR 10 L Abaps2lo] $4:5j0] 39 L.
S S 9l A= deE] AREE| AL Qi)

2 ghAfefiefA| (Korean Native pig, KNP)2} Landrace il £ 9 52 F7et vede FAFA=e]
(Quantitative trait loci, QTL)7} S A] FAHA|(Sus scrofa chromosome, SSC) SSC6, SSC8O]| 11 =]] O™ (Lee et al., 2012;
Kang et al., 2016) , ryanodine receptor 1 (RYRI), obesity-associated (F TO), prostaglandin 12 synthase (PTGIS) , nuclear
protein 4 (NOL4) 5] 842} 50] 82 9 2|Hk=2] 1} ¢d3te]of Qloka B 11 =] Q{tHFujii etal., 1991; Fontanesi et al., 2009;
Lictal, 2011). EE8F KNP X Landrace TH]ZITtollA] S 8217} Akl QTL Jel(SW1482- SW963)S B 1 51910
(Yoo etal.,, 2012), 0] o]] L EF5H= glutamate receptor-interacting protein 1 (GRIPI) 3-HAIE Q24 TH-GARFZ B
SFCHLee et al,, 2017).
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Materials and Methods
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Genome-Wide association Study

2 2]2] gDNAZ- Porcine Single Nucleotide Polymorphism (SNP) 60K bead chip (lllumina, USA)Z- 0]-83}0] 61,565712]
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Genome-wide YA|4Z(suggestive threshold level)2- Bonferroni method (1/SNP marker] 4% p=1.61 X 10°)Z 0|83}
et 2, 14, 18 A Aol A] D2 S| St kel S 25 2H=NCBI database (http://www.ncbinih.gov)E |85}
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Results and Discussion

Yorkshire T 1,755F 5 AZX]Q} oA=& A| 25 1,642 F2] A AF H-ght EFHAR= 14714 £ 02521 cmO]
1, 24782083 cm, Z[tHZE-2.31 cm ©]ATHTable 1). SFEAHH= R of| A S-AJHF F741=2,098 +0.431, KNP X Landrace
STOA F,i=2293 £0.6897= Hl ST Yoo et al., 2012; Kim and Kim, 2017).

Porcine SNP 60 K beadchip 42 £3}0] £ 61,5657]2] SNP Z MAF 0.05 0[5} 49,4397}, genotyping error 0.1 o}
49,1137}, Hardy-weinberg equilibrium (p-value) 0.000001 ©]5} 48,1507}, 2|52 © 2 42 2147} /3FA3]|2] SNP markerS
21 511 o, SNP marker®} -SAH | 2 Afo]Q] T/ £443 F5H0] SNP marker2] Manhattan plot?} Quantile-
quantile (QQ) plot= 2MJI3ATHFig. 1). £ Fwte] 2 Al o] ofsio] o] ofz] 7] whgol] wit Fe] 23Ho.
& o] Roj3 Z3tof| HIsl Fo]7} A2 EAd S 7FAIAL QI o]of thg B WA 2 4 = @75 EAYsk= <] Bonferroni
correction (Bland and Altman, 1995)2- Z-8-5}%] Genome-wide suggestive (1/42,214 =237 X 10%)Z -85t A7+ 4,63 (-
log10p)2] 4rS UEFHACHLander and Kruglyak, 1995).

SA A FRA Hedto] 524 YA (genome-wide suggestive level)}2- TEESH= SNP marker= GAA] 2, 14,

18HHoj|A] FAJ =]k 21 FAA]of| A 17]2] SNP marker [MARC0053928 (p =3.65 X 109)], 141 GA#A]|of|A] 27]2] SNP

Table 1. Descriptive statistics of back fat thickness trait in Yorkshire.

Trait N Mean Standard deviation MIN MAX
Back fat (cm) 1,642 14714 0.2521 0.83 2.31
“ Number of animal.

Table 2. Genome-wide association analysis results of SNP markers for back fat thickness trait in Yorkshire.

SSC SNP Location (bp)* Allele’  MAF pvalue Closest gene Var* (%)
2 MARC0053928 1,786,591 T/C 0.112  3.65 x 10° Intron : KCNQI 2.18
14 ALGAO0083078 136,755,306 A/G 0210 7.85 X 10° 9,818bp at 3': DOCK1 1.31

INRA0048453 137,959,561 T/C 0436 1.27 X 10° 21,099bp at 5': LOC106506151 1.29
18 ALGA0120564 47,918,285 AIG 0.051 144 X 10°  36,416bp at 3': LOC110257583 1.55
SSC, Sus scrofa chromosome; SNP, Single Nucleotide Polymorphism; MAF, minor allele frequency.
*NCBI build 11.1
¥ minor/major allele.
” % phenotypic variance explained by the SNP.
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marker [ALGA0083078 (p =7.85 X 10°), INRA0048453 (p =127 X 107)], 181 GAIA||of|A] 17]2] SNP marker marker
[ALGA0120564 (p =1.44 X 10%)]7} 54=|QICHTable 2). -8-2) Q1 p-valueZ 7 FX]*= SNP marker=ol] thsto] 71 245
A= HALE AAF TH -GHIREE X753 o, 28 AA2] MARC0053928 SNP marker [potassium voltage-gated
channel subfamily Q member (KCNQI)|, 14H GAIA|9] ALGA0083078 [dedicator of cytokinesis 1 (DOCKI)],
INRA0048453 (LOC106506151), 18t A 2] ALGA0120564 (LOC110257583) Z1Z}2] Q)24 T H-GHA} 2 A =|9)
Tk KCNQI-2 potassium channel protein @ 2 4% 25 29} 2] 2jE2= chAjofl D Q3 voltage-gated potassium channel-

'|°g1op

-1og10 (Observed)

- log10 (Expected)

Fig. 1. Manhattan plots (A) and quantile-quantile plots (B) of the GWAS for back fat thickness. The x-axis
shows the physical positions of the SNP markers on the pig chromosomes and the association signal on the
y-axis (shown as - log,,p). The Manhattan plots show the identification for back fat thickness trait on SSC2,
14, 18. GWAS, Genome-Wide Association Study; SNP, Single Nucleotide Polymorphism; SSC, Sus scrofa
chromosome.
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QIS chilAlS ok 5 55} QlTHTespersen etal., 2005). KCNQ12] Ho|= o2 el (Long QT syndrome, Short QT syndrome
ql 714 o] AHIAlE) Q] Bgul 0 2 o]ofZ] 4> Ql= 71 0 & H 1 %|ojQltHHedley et al., 2009). Okamura et al. (2012)=
o] old} Q1L THojjA] KCNQIZ} body mass index (BMI) Atojo]] §-2J5t A& HHASQI AL, Benton et al. (2015)2
KCNQI 74215 H]7H 4! Type-2 diabetes 2 e RAAZ AAISIQACE EE5F DOCK 12 5|, A7, HERa]shA |} 42 ok
2} ofg] ZZoj|x &3] Welsh= -G72A1o|THL et al.,, 2017). Wallner et al. (2014)= HEZ AJ3kA] 24 © & DOCKI9]
A2} E5] plasmalogen®] @2 2=t To] & 4= = M= A A FZ o2 AA[SIITE Vaughan et
al. (2015) B[R TAE FAo| M2 |4 BARLE Ho]7] 913k AollA] ARl 10926.13 - 10g26.2 region©]
adiponectin} triceps skinfold (AFF THFE)} o] Q= A 02 B 1813, o] YHol|A] TOPP -3-1AR= potential
candidate genesQl DOCK IS 2R15l= §-Ust ¢12]=R1 71 0 & SRISIQITh LOC106506151 ,LOC110257583& Lz}
9] 7]zl ot A =7} ik

SAHF 23} Pdsto KNP X Landrace WHIR O] B 1% QTL-L 5H AA]|of|A] Yoo et al. (2012)0] SW1482 -
SW963 o] |G}l H 11 519 0 Lee et al. (2017)2 0] YHof| A GRIPI FHRIE x|A; TH-GHAZE H 519
.

Strucken et al. (2014)-& PR} 5-20] SAMT} A QTLZ 11 GAA|e}-F-0] shrtar B 5ol o, 58 181 A
A|ol|A] Ribani et al. (2017)2 o] F-2o] Sx|Hla} T = QTL-S H 115} Schiavo et al. (2014)2 Large white 22
oA SAI | Wt FEY] QTL2 8, 11, 12, 13, 14, 15, 161 FMAIE E115}3irt. 0|9} o] SA|% o gZojek=
F540] ASFol = 2 Ate] Anfe xfolE B Q2 o277t A& 4= A=t 58, T2, al {452 2lo]
Sl E7lo] 27 2ol BAe) o] TR0 2 AREEID], Park etal. (016)2] LR TR E717HE0 54
o] 2gsto] /g Bgt SAMY Tl FFE nlxle A o2 AleETh

o

2

Conclusion

2 Aol A Yorkshire k0] SA[H 57| & 2ol Tigt GWAS 2415 =883t 21} $F F7-2 TFE Stol| Hlsf Hol 7}
22 EXJo] )70}, genome-wide suggestive levelof|A] 2142 HO|= genome A} Q|2 = ERISt 4= 91l oM, go]4 o
= 2RI 2, 14, 188 FMH|Q] 47) §2K5 KCNQIF DOCK | A= AR 74| BA9] /1) SHAAFRA] &
A AL T 4 e 72 AT AETHE AR Als Hr
Acknowledgements
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