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Abstract

The overall consumption of meat is increasing as the level of national income increases. The
end weight is a trait closely associated with dressed meat. Genome-wide association study
(GWAS) is an effective method of analyzing genetic variation and gene identification associated
with a number of natural alternative traits because it can detect variations. So this paper did
a GWAS analysis to identity the location on the genome related to the end weight in purebred
landrace pigs and to explore the relevant candidate gene. This study identified a significant
single nucleotide poly morphism (SNP) marker in chromosome 6 (ASGA0029422, p = 1.22 x
10°). Adhesion G protein-coupled receptor L2 (ADGRL2) was found to be the candidate gene at
the identified SNP marker location. ADGRL2 genes have been found to be associated with cell
development in relation to the external and internal environment of a cell. In addition, genotype
and statistical analyses were done on nine variations on the exon of ADGRL2. The results show
that the SNP marker (ASGA0029422, p = 1.32 X 10°) was significant, but the significance of
the nine variations on the ADGRL2 exon was not verified. However, by performing further
experiments and functional studies on other SNPs showing possible genetic ADGRL-Exon
mutations, objects with high associations of high-end weights can be selected.

Keywords : the end weight, genome-wide association study, SNP marker, landrace
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AR o480 IS 77 e Uehdth webA o] f & BAPH IS S, 45 AASE Alsol 9= FA1 2
CHBruininx et al., 2001). Park et al. (1993)2 si=go] A FThof| A 10525 A|50] Alma 83 90 kgFdAEE 2
ol 3HA FFE F= 2S HIslglon, Kim (2009} B 65472 2|50l 27 16095 TaA5
TAE 71, B4 160¥ 7 F8A4|F0l =2ohe o] gashs B3 Uehle 24E gRlskir

Sahana et al. (2013)2 7|&2] A 2252 Yk WollAgh A== AlokS 71 1 Qiokal B 11 s13iAR 7]&9]
Hohg o 8e 944 SAAE BAo] 757 o 24 (Wong et al., 2004; Han et al., 2008), Single Nucleotide
Polymorphism (SNP)of| thgt E2]Q12} A H (marker) S ©]-8-5F it 2Ajo] 4288 E]of 2|31 QItHCho et al., 2013).
710l A] SNP marker= 27} A3 Ql= 91910212 57 2l GWAS (Genome-wide association study), Genomic
selectiong 0] 85}o 7| 9] 472152 ol &8 4~ 9111 (Dekkers, 2004; Goddard and Hayes, 2009), H(Gu et al.,
2011), =)*] (Fan et al., 2011), 2(Kim et al., 2011)5 7J#| 2 02 235+ P E0] BAjo] 18Y |11 QIct GWASE Thf
Shehe 28l B4 Holek 97| T d THe] Ad2 24k, Tha= 2114 tigd g A o] Mol 727t 7hss17]
wiizol] FA AT 7= 54 Blo] 9 §XAFE FAsk=tl ARl ] &bl B4 ot (Kolbehdari et al.,
2009; Yano et al., 2016).
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Materials and Methods

&Z A=olA Hek T065F(A 855F, AA 62157)2] A I} S T=AolA] Alg ot Al ImlS ARES}o]
Genomic DNA 3Z35}9ich @ oA} Genomic DNAQ] £2]+= Sucrose-Proteinase K2 ]85} tHBirren et al.,
1997).

&% Herol A 706572 HAFE A2 SsIeith S4E ¥4 MINITAB =2 18)(Minitab Inc., USA)ol|A]
A3 == Ryan-Joiner method (1976)2 ©]-8-50] normality testg A5t o)/ & Ao} BAREAlS X85}

32 1
i)

17 g3kt do]E{ 2] normality test A Ali= MINITAB X 2 1513 0851931, @Yol 4 2% Genomic DNA=
commercial chipS- o]-83}o] §-Ax}E-S BA5IITh G742 24 of] ARE-SF commercial chip2 Illumina (USA)
AFe] Porcine SNP 60K bead chip& A8-51%].2H, Chip Ver.1 62,1637, Ver.2 61,565712] SNP markerE- Ad-s}o]
Z}Z} Chip Ver.ol] 3502 33} jo] Q1= 56,5037l SNP marker data®] quality control Plink = & 712 version
1.07 (Purcell et al., 2007)2 o]-835}ict.

Quality controlof] A&+ 2712 & Minor allele frequency (MAF) 5% B]%H Genotyping error 10% 23}, Hardy
Weinberg equilibrium 2. p-value 10° o|5}of| 3]jd%]+= SNP markers-& A A5} 21, /34| 4-2] SNP marker
£ FZ3519t) 7H1EAL Genome-wide Complex Trait Analysis (GCTA, Yang et al,, 2011) =& 712349] mlma
commandE AR5l GWAS 24 & 5191 o, of2l| 413 3] 4] A3 AR8-sto] SNP markeret A4 &5 Al5te] o
214 2448 A1 spick
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2 A5}, Batch= 2t 74017} Bijold wj ofm]e] AbxkE ettt a= SNP marker_J T} us 49] 47
(random additive) & T}HE} S st} uo] Yaa} BARS u ~ N (0, Go)E 7HAH, G= Xﬁ] A & (genomic
relationship matrix, 37,639 SNP markers), 0,= A7} G4 EAbo|ch, e o)k} 1 E10]Et1 Ptk BA e~ N
(0, 162)2 2}, I= RS, 0 23} ATl t}. 7,2 aof ot w1 wEfo] i, Xe= boi gt ¥l &, 7, o of
S HlE YH-Z Tt

GWAS B2 additive model=2 SNP markerE o]-&sto] 2445191 2™, Bonferroni adjusted genome-wide
significant -§-2] 4~Z(Bonferroni adjusted threshold = 0.05/4G2A142] SNP markere] 4902 UYAsF
(significant threshold level)2 A5t Qx4 SRS 54517] 9sA] NCBI dbSNP (https://www.ncbi.
nlm.nih.gov/snp; map ver. 11.1)2 AR&35}0] -1-2]4 0 2 gHol% SNP marker?] 92| Z 7|50 & 7P ZHsAL
She]of Q1= §H A ADGRL2 (adhesion G protein-coupled receptor L2)E Qx4 TH-G-HA2 St

SAH YA TEF7E] exon’d SNP markerS- g5t ADGRL2-71Aet =5 o] A AR SE AT &
kel ety 2442 A 33ick. & 97He) SNP marker 712 Ssto] Aol gk Primers A4} sigick. 521
Al Ho] 2442 915t 7|92 Pyrosequencing, Restriction Fragment Length Polymorphism (RFLP)#, Sanger
sequencing'& ©|-&3i3lem, FARE FAgE quality controlstal FAMAIT 23t 37,6397H0] F7}510]

=4 v_—@. 2 SAS pa ckage (SAS Institute Inc., USA)E o|-83}0] ADGRL2-3-712t2] exon/s SNPQ] genotype} &
A7k A S sire, dam-Erandom effectZ 7HA1E 1125191 2 H, random effect2 sire@} damS E$} A
Zlom fixed effect= SNP genotype, batch 712|311 /d-& 3} A|Ztt.

Adhe] 15 SNP markerS 7He] 32 H7] Q]3] Haploview version 4.2 (Barrett et al., 2005)Z- o]-&3}o] -q-2]

A Q1= SNP2} exon/s 2] genotype Hlo]E}E 7He] A3t £ (LD, Linkage disequilibrium) 42 /}:_‘/\] St

Results and Discussion

+F dco|a o] ANFE AF-S S99t At AEX| 2} o[ A S A Qg 7025 (A 815, A 6215F)2]
T EEHEAR= 89.86 + 8.464 kg o] 11, 2|t 118 kg, 2|47k 71 kg o] THTable 1).

Porcine SNP 60K beadchip £4].0 2 2% SNP marker 56,5037l 5 Plink Z 2 713}3- 0]-8-5}04 Quality control
AR A1} Z- 37,6397l SNP markers FZ5131tt. 015 SNP markere} 27438 A5 7+e] =l/d 2415 A5t
SNP marker2] Quantile-quantile (QQ) plotx} Manhattan plot 215} cHFig. 1).

Bonferroni Y#A|4ZF(genome-wide significant level)S PHEESH= SNP marker= A 68of|A] 17]2] SNP
marker7} 543l 0 m(Table 2), =% SNP marker= ASGA0029422 (p = 1.22 X 10%)0]c}, ASGA0029422 SNP
marker2] 9]]S NCBI dbSNPoj|A] 9% 5 EHlst At ADGRL2 (adhesion G protein-coupled receptor 1.2) 3%}
Ulol] 23tel= A& 2Rle 4= ISl

Table 1. Test of end weight phenotype in purebred Landrace of descriptive statistics.

Trait N Mean SD MIN MAX Fixed effect
Test end weight (kg) 702 89.86 8.464 118 71 sex, batch
SD, Standard Deviation.

N : Number of animal.
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Table 2. GWAS results in SNP markers for test of end weight trait from purebred Landrace.

SSC SNP Location(bp) Allele” MAF p-value Closest Gene
6 ASGA0029422 132018849 G/A 0.220 1.22 x 10° ADGRL2
SSC, Sus scrofa Chromosome; SNP, Single Nucleotide Polymorphism; MAF, Minor Allele Frequency.
“minor/major
6 a
)
5 . L

=

-logl 0(P-value)

[a—y

1 23456 7 8 9101213 14 1514718(S5C)

-log10(Observed)

0 1 2 3 4 5
-log10(Expected)

Fig. 1. Result of Genome-wide association study (GWAS) in purebred Landrace population on write Manhattan
plot and Quantile-quantile. (a) Manhattan plot is research that association between test of end weight and
37,639 mapped Single Nucleotide Polymorphism (SNP) marker in 18 autosome of sus scrofa chromosome (SSC)
using additive model. SNPs site their position on each chromosome on the x-axis and y-axis is the association
signal (shown as -log10 of the p-value). (b) Quantile-quantile plots of SNP marker.
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Hamann et al. (2015)of] wh2H ADGRL2 -3-7AR= Adhesion FAJQ2] St §-4xfo|n] Ql7to|A|A G protein-
coupled receptor®] sk gHhar H gk HE Qlck, Rosenbaum et al. (2009)of] i2 ™ G protein-coupled receptor-2
Ui, 25-] Alaze] 273, A7gA| 48k Tido] Qlof Alaze] /g7t Aol -2 EAlsiQic). webA E4E SRAA
Ahe Alaze] 7ol g ZiAle] et Ato] Qlokal AJzto] Hit.,

2 Aol 2l 0 2 SRlH T4 H IR T H[H AL ADGRL22] exon/d2] #1015 UERl= 971|12] SNP marker
£ gsitt 12|31 fAk A2 Pyrosequencing, RFLPY, Sanger sequencing#-& o|-8510] -4k ¥
o] FAS AAJsI3itt. Additive model= GWAS 4] 3t Axto]] 7} 97)10] F2IY Wo| 4 Bats F7s6to Z
37,6487112] SNP marker GWAS 2443 A5}, shA|9k 22X Axt ADGRL2 5-71Ak2] exon/d Bonferroni B O
= a2 AAIRIol o)/ U= Aat 32 HolA] 95k H, SAS e o] SRt g7 A ATt xfo] 7} U A2 gt

Table 3. Result of mixed effect model analysis in SAS program and p-value were analysis from GWAS.

SNP bp Genotype Estimate (SE) Pr> [t p-value”
AA* 92.94a + 1.34
ADGRL2_01 131,728,030 AGY 92.00a + 1.24 <0.0001 0.000394
2.948A > G GG* 89.43b + 1.30
TT* 92.33a = 1.37
ADGRL2_02 131,728,292 TGY 92.16a +1.23 <0.0001 0.002575
2.1,210T > G GG* 89.15b +1.30
GG* 92.34a + 1.38
ADGRL2_03 131,728,301 GT” 92.12a +1.23 <0.0001 0.003573
2.1,219G>T TT” 89.28b + 1.31
GG* 93.52a + 1.38
ADGRL2_04 131,728,841 GAY 91.78b = 1.22 <0.0001 0.000852
2.1,759G > A AA? 89.45¢ + 1.31
AA* 92.88a + 1.38
ADGRL2_05 131,735,235 AGY 91.97a + 1.24 < 0.0001 0.001187
g.8,153A>G GG* 89.32b +1.32
TT* 89.52a + 1.47
ADGRL2_06 131,775,033 TAY 91.00ab * 1.28 <0.0001 0.011192
2.47,951T > A AA? 92.17b = 1.26
Ccc* 92.67a + 1.29
ADGRL2_07 131,810,894 CT” 91.51a = 1.27 <0.0001 0.003899
2.89,812C>T TT* 89.48b +1.33
AA* 90.79 + 1.89
ADGRL2_08 131,882,078 ACY 90.76 + 1.29 <0.0001 0.249617
2.154,996A > C CcC 91.80 + 1.26
ADGRL2_09 131,882,164 - - - -
TT” -

SNP, Single Nucleotide Polymorphism; bp, base pair; SE, Standard error.

a- ¢: Means in the equal column with the different letters are statistically significant (p < 0.05).
9 SNP marker results for GWAS

*minor/minor

Yminor/major

“major/major
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O

o 5194CHTable 3). 0|2}t zfole] o] 8.2 T It TS G2 E3H5IAA|TH SAS T2 124 AR&EH HA
22t HAE =2 sire@} dam @] 7 & random effect® ARg-510 7855’17 | wizol] &po] 7k el 210 2 AFR .
Jung et al. (2014)= <% P=go]A FTho & AAEg A5} Pedd GWAS 242 AlA] 510 bonferroni YA X]
of] w2 Genome-wide significant level2] SNP marker (ALGA0092396) 171E JMA)| 16WH0|A S5t 8} Qlct. 18]
Il Reyeretal. (2017)2 A 7|17+ 1109 = A7 5to] GWAS 2A41S 4385+ A1} 1, 8, 14, 158 FAlA]|of| A 3-2]5F SNP
markerZ 575191t} Borowska et al. (2017) 3t AHZ2US 1104 2 AA5H HohS GWAS HAof o] 85+ A}
1, 4, 5, 12, 17 QAlol4 fofet SNP markerS SAslglon], SlxAe] THAHAR 11718 $45t%ch
Horodyska et al. (2017)+= 110¥ 2 A4H HPZ 5 L] mlo|E&Q] 7H| S 7F| 1L GWAS 24& AAISH 2t 1,
4, 158 Aol A] Z 197)2] SNP markerS S45}9ic}. 12| gt 2 =2o] Aulol| A= 68 A o] TH2 genome At
ol F714 07 SAE gojAol Av= sholw]x] ekglt}. o] Z-e Awlel xjo] ML Ho|= 7.2 Plink program (ver
1.07)& 0]-85}0 quality controlt ZAzto] oJs)) A8k SNP markere} 2714 0 2 32X 214-S 245 SNP marker 2t
)7} GWAS B0 9382 H171 7102 Bofx|s, Badol 14 F 3= AL Ak ojno] Ak Ef Al @110] AHE
€ 326 5| 9 714 A02 WA, 59, Leeand Do (1) 3 M2 Yebe olgslol 4335 A
S= A AT} Hiojd Al7|2F g 12|14l ofn] o] 4 S| WhE AT, 2|a A8 G hE AlRlRh o] f Al AlE 5
o] o] %o] Al F} T Pl =2 FFS vlzIckar B gk vt 9l on, Friend and Cunningham (1966), Motsi et al.
(2006), Rosendo et al. (2007)2} Carney et al. (2009)2] HAFoj|A & ofu] o] Akxl7} A7 of| || F&RS- H 15 HE 9]
T}. 12]31 Lee and Do (2012)= 2719] 79 AJA] A|F-0] 1.47 kg O 2 A0 AA] 4|51 1.42 kg BT} =9kom o]F
Al FAIE 6.55 kgO & 6.48 kg KT}t 0.07 kg £2710] =& = R 181l 719] /g% 7k g 27 71kt
ol A AR EL k= Zle Bl SIITh AAE 7HA12] 749 o] Al717ER] 9] A2 31T APOP & HAA|TE o]
8 5o A & 227 9B B3| 7P w2k BsttHAA, 7, AMS] ARZEE A
(e 251 747 5% 31 R Aol G oAl 25102 T solgkr 59 elsh £ 7700 4
o), Abg WEE So] gl M BkeT). 53] Wrt e Felo] 247IRio] /K42 B34 2o o) Aol 4
o4 o2 Zhashe= Zle R 5t ool AAEE A2 2 7 ' A8 at A o] /g ol 93 rixl= Aoz
Ak27} =k Solanes et al. 2004)2} Tormyama etal. (2009)0] H 115l U|-8oj mk=H Al A]7|2] AJA}w} Hmo] WA
T 2] o) of whe 7 A2 7Hs Sl Skl Bt gk, 3, ofu|e] §404 52 ek ol e o
ok A7+ =k, Mahan and Leplne (1991), Main et al. (2004), Fix et al. (2010)2 A4S 5= 7]7He] A5 A9
FUUAE Uepde EughHEglo Dﬂ A4 717 1A AF, ol Al AlF, AN Al 5 Al Al ] 4
WHAE UepdS B oIl HAESTE AF-E 25 Al AlEat 7P 72 et 9] HiAlE Uetdle 22 gRlsielt
whebA] B AeY Aok 2 Ao X}Ol% A7, Blold A, 5, 7iA| E AR -8 52 Apolet A 24 1
o] o], 7| 1Ao] LG5l ojn|e] Ak} ek Qjake nlTkR Azbo] Hick,
Haploview 2 1813 0] 85}0] 52|24 0 2 &Fol% SNP marker?} ADGRL2 -3-7Z12] exon/d2] 9712] genotype
7t LDE Ads}9itt. LD blocks 2Hd st At £ A7Lof| 4| 54 H markere} exon’d2] genotype 7+2] blockS-
Q1 gk 4= QlATHFig. 2.).

e}

+Z Aol A ko] ARZER A|F Pl that GWAS 2415 4333+ A1} genome-wide suggestive levelof|A]
Fo)/dE Hol= genome 4 ‘I’]X]% Rl fol/ds ERIsh 6l JMA) 1719] x4 TR-[H2HADGRLY)
exon/y2] K10l & Uehf= T2 SNPE9| & F7H4Q1 Addt 75

Pt 71 A2 AAlste] | SR AlSe] FEAFA
A2M AEFE AT B2 dWIS 7RI IAIE A 2 4 A A AT AR E Ao s AlgH.
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ADGRIL2 1
ADGRL2 2
ADGRL2 3
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ASGA0029422

[Block 1 (290 kb)
1 2
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o

Fig. 2. Linkage disequilibrium (LD) block of further analyzed Single Nucleotide Polymorphism (SNP) marker in
exon and significant SNP marker of Genome-wide association study (GWAS) result.
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