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Genome-wide association study on immune-response for improving

healthiness in Holstein dairy cattle
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To detect Single nucleotide polymorphisms (SNP) markers associated with Bovine viral diarrhea virus
(BVDV) and Bovine respiratory syncytial virus (BRSV) S/P ratio in Korean Holstein dairy cattle, Genome-
wide association study (GWAS) was performed using Illumina BovineSNP50 Beadchip. The number of
phenotype data and genotype data were 107, and 294. respectively. Phenotype data were collected for
four periods (0 week, 1 week, 4 week, 24 week) after having vaccinated (0 week no vaccinated period).
A total of 36,257 SNPs was remained after quality control had been done by PLINK. The result of GWAS
showed 6 SNP markers (BTB-01704243, BTB-01594395, ARS-BFGL-NGS-118070, ARS-BFGL-NGS-
111365, BTA-65410-no-rs, Hapmap38331-BTA-61256) under BVDV and 4 SNP markers (ARS-BFGL-
NGS-109861, Hapmap53701-rs29017064, ARS-BFGL-NGS-71055, BTA-11232-no-rs) under BRSV. And
also, 10 candidate genes found through 10 SNP markers (TBX18, CEP162, PAFAH1B1, METTL16,
BRCA1, RND2, POLK, ENSBTAG00000051724, ADAM18, NRG3).

Key words : BVDV, BRSV, SNP, GWAS, Holstein
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HAA A AKBovine viral diarrhea; BVD)Q] 7% ASH
7] A% 557 A 4O 7)1 (Fulton 5, 2000;
1914, 2009), ofH oAl AL FoloAE A
AA 719 (Rezaeisaber 5, 2013) 5= sttt ESL
I AAAIRD & HpolHAA HARY HEo|2{A(Bovine
viral diarthea virus; BVDV)= © 7}=-9] RNA H}O]
2 AE(Shin 5, 2001), o] Ho]H Ao 7Y A] Hj¥l=
&2t "ot o] dolyr] wizel AFE ojnjazt
B gloju $olX|= X< 7 (Persistent infection) AFER
7} wo] YAES vlo]2lAg wEH ) HrkRezacisaber
S, 2013). o3t SAEE sl BVD= A AlA AL
2 & AQeIA AAH Melt 2 49 F e F
QAE]T QJthBachofen 5, 2010; 4 5, 2015). &3t
257 B Ao ¥jlo] H= & FEAL HE HE
o]2 2 (Bovine respiratory syncytial virus; BRSV)2] 7
W THe=Es Y, 71¥, S5 52 UE

ARt A HAb o]27% H(H 5, 2010).
E5t o]2jgt BRSVEE £9] Uolo} Ahglo] W
oy 11 FoAE 53] ofH Fopx|oA F4do]
Aot Zgol & dojuyr| wZof|(Paccaud 5, 1970;
Elvander 5, 1996) BVDV®} RE7HR| & 7o) A A
A ¥og 9 4 e gl

olzlgt EAIE siasty] AsHA HAAe HAE
w7] gjg 2417k Aesolskct. o) Sw BVDe] A
o5 97] YA SN = 24 9 -] Hfsf o
2 ofjo] A4 A 2AL FY FHE A 5= A
o YohEl 5, 2007; & 5, 2013; F 5, 2016).
S}R)gk o]2]3t ZA}= ELISA, PCR 5 AFS &)
selg st glow AR A7 A4 27 YA of
&5t7] "ol gyt s7tolA &&strlol= AlgtA ol
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o] A& FASol disl A 744 A E40] AA|
= B7F lem (o], 2017), FZ sfeJfA % Chinese-
Holsteino| 4] A& QU 9] Al (Mycobacterium avium
subspecies paratuberculosis)i}Q] A% SHA AP B
Aof gt A7(Gao 5, 2018)7F Sl

wata] B2 P30 A= Holsteinof| 4] BVDVE}F BRSV

A gt WP A FAA A 4
< AA|, THE SNPEE EZotll o] EYE FH
FANEE F23o=2HN FF 249 Ay ot A
LS Eola A Fol 7o) At ARE
A Aot} gt

2 Y

M

WAL 2|0l it HHUS F4
Y AR Folo 2013ERE 2016@7HA] Eiojit
10759] 4% Holsteino]] tisf] AW ARE 3
stk i 42E 5] Sleh BVDVIF 2ol
FH&o] nA]= FFo| #AE A5 (Muiioz-Zanzi -5,
2004)0] A= 8% H Elite-4HS (Boehringer Ingelheim)
W A-S ARRSI ). Elite-4HSE= BVDVE} BRSVE %
Slol= 5%9] &3 WAl (Infectious bovine Rhinotracheitis
virus; Bovine viral Diarrhea type 1; Myxovirus parainflu-
enza 3 virus; Bovine respiratory syncytial virus; Histophilus
somnus)C. 2 °|F 5 mL 5% FA ¥ G A =R
B g &2 AFIott. @Y fF= 430 2H
AR Y3 Al7]l= WA Fof H(0 week), H
Al Bo T 15 3(1 week), 45 T4 week), 245 &
(24 week)ol AAIIAT. o|F FE N M=ol of
3 BVDVS} BRSVY FA7FS 517 Y3st ELISA
(Enzyme-linked immunosorbent assay) <42 S}t
o] A2H Kits= VDPro BVDV AB ELISA (Median
Diagnostics Inc., Republic of Korea) kit2} INGEZIM BRSV
COMPAC, (Ingenasa, INMUNOLOGIA Y GENETICA
APLICADA, S.A., Madrid, Spain) kito]] o™ S0
450 nm o]l A] BioTek ELISA reader®} Gen5 2.07 soft-
wares ©]-235|9] optical density (OD)E =35It

S/P=(Sample OD—Negative OD)/(Positive OD—Nega-
tive OD)

4% OD valuei= £12] 2o Y3t &, S/P ratio
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oA AR 391 24 Holstein 5 HY WS-
25 £ 10755 Z3T 20455 o= %
A ARE do] SHNYS ARAT. FAH AR
+ Illumina BovineSNP50 BeadChip v3 (Illumina, USA)
£ o]&sto] +AsIAH. 4ol o]-&F SNP chip
2h9-9} Holstein #& 7te] |34 Xjo] A--(Melka
%, 2011), Holstein®] 44 53 H7} A+ (VanRaden
5, 2013), 5= Holsteinol| A 28 A A (Mycobacterium
avium subspecies paratuberculosis)?] GWAS ¥-(Gao
5, 2018) T Rt AFolA AREE|] 1 AlF =T}
=t} o] AFollM= Sig SNP chip ©]-835f & 53,218
7ie] SNPsE SHHSIlom TlolBE £ &85
7] 93l Genome studio software (Illumina Inc.)& AH&

shaict.
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BVDVE] S/P ratio Z}o]l thsll SAS 9.4 software (SAS
Inc., 2015)F ©]&3sto] 7|2EA4 4% JHEHS
AASIAT. 7|2 EAE £42 2 EH A7)0 o)
Procedure MeansE ©]|-8-5t0] UEH It AF¥HEA 9
73 Pearson®] AJHEA] WHE 0]8-517] 3] Proce-

3

dure CorrE o] &3t} Aatsict.

(‘.{]I, 1%
ok
o

Quality control (QC)

Illumina BovineSNP50 BeadChip& ©]-&3] $33st
53,218712] SNPO] th3ll Quality ControlE A5} T}
Quality control (QC)E 93l PLINK software version
1.9 (Purcell &5, 2007)E AFE-5} T PLINKE ©]-&79]
7] A Genmoe studio softwareo|A] A|&5F= Custom
report 7|52 ©]&3 MAP TU¥} PED 1 AJ/dst
%17 o] S-S ol PLINKOIA] QCS lesioict.
QC ka9 a7by Z7lo] sl AHSAOT 22t
@ 7RA°ll oiet missingness >0.02, @ SNPO]| T3t miss-
ingness >0.02, (3 Minor allege frequency(MAF)<0.05,
@ Hardy-Weinberg equilibrium (HWE)<0.01 1 SNPO]
gt AAE AASHAT HFH 2= QC F 36,2577
9] SNP WHAE &85}

GWAS EA2 PLINK software?] A% 34 B4
o]-gsto] Xttt GWAS 412 AxHA o g o
ZF9| utAE o]&5t7] wZoll tEH] i (Multiple com-
parison) A7} AYstH SNPoj| chgt HeiE7EE 4
ofd 4= Ut} webAl ofof tigt B4 WHOZE False
Discovery Rate (FDR)Z X A% P-value 5= ©]-&5}
AT 2 =FoA= AgE 18y ARt 44
A7 A, 7189 AtolA HEE FETE ofd A=
+ B0 sl GWAS 2415 Z1g¥stal q17] wizoll
7} SNPo] o] A7]of thsf] YSEHA Lsket. wet
Al BFi = SNPol| thgh HAg77h dofd 4= Utk
TEo] HAEZR o2 U¥bARl Pvalue®E HA4S
218453t

E3F Ao o]-8F Holsteino] E5F 2013~2107d
B2 Ag9ol7] wizol Aol o]&=7] A oA
TS AAIRE AAEC] 2EY. wEhA o] R0
it A2 5t7] sl 24 @9 AE A3 A7,
1, 4 and 24 week)o]| 3t EAlo] old 0 weekof|A] 1
weekZ71A| 9] HalF 183 0 weekol| A 4 week71A] 9]
HolFS B4 gio =z Akt HIlsFS &47] sl
A 1 week@} 4 week®] ZEoll ol 0 weekQ] Zro =2 Z+
Zr ] AASEAT oRE 0 weeko| Al 24 week71A] Q]
WOl A7) 749] 7HZo] A7) wjZol ti/dolA Al
95tk

2 =

RUAH AN Q| A7[EH HHULS(S/P ratio)2]
712871 &M

1075%2] Holstein©. 2 2] 4%t BVDVS} BRSVY]
S/P ratio gtoll thet 7|2 EAFS N A AV|E=
T-25t0] Table 10] A|AISHt WA HFE HA 0
week W= 057403788 7P @ &322 Kk 1
T}202 1 week7} 0.63+0.3510.2 FA}E|QloH, o]
L 4 week (0.77+£0.256)2} 24 week (0.78+0.534)0] H] 3]
A W2 A& ZRIFT). o]2gt Aol tish &
Al o] T A /o] AP=EE oA S/P ratio
ZF 9A Zopxl Aoz mHEHYTt ohyt 0 week U
= I gho]l T2 AFH A7l Hlef AiFoz H&
B IAH g9l sl AR BF 5(2013)9] A+
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Table 1. Basic statistics of BVDV and BRSV by blood sampling period
Trait Period N MeantSD Minimum Maximum
BVDV 0 week 107 0.57+0.378 —0.23 1.01
1 week 107 0.63+0.351 —0.25 1.01
4 week 107 0.77+0.256 —0.30 1.01
24 week 107 0.78+0.534 —0.08 1.68
BRSV 0 week 106 0.61+0.301 —0.43 1.00
1 week 107 0.69+0.276 —0.49 1.00
4 week 107 0.82+0.178 0.31 1.02
24 week 107 0.78+0.201 0.00 1.01

Table 2. The correlation of BVDV among blood sampling period

Table 3. The correlation of BRSV among blood sampling period

1 week 4 week 24 week 1 week 4 week 24 week
0 week 0.87 (<.0001)  0.70(<.0001)  0.72 (<.0001) 0 week 0.78 (<.0001)  0.62(<.0001)  0.76 (<.0001)
1 week 0.73 (<.0001)  0.76 (<.0001) 1 week 0.69 (<.0001)  0.73 (<.0001)
4 week 0.72 (<.0001) 4 week 0.73 (<.0001)

9] 0.5499} FAFSHA VrERstTh WAl HE 9] AfEf
NME T} vl =2 AR et A2
g XAY A= tiido] A-EA AY Fof A o
UHEE AAF7] g o] Yepd o2 AlmHc
BRSVY] Ff 7MY =2 FAE UEd A2 4 week
2 0.82+0.178% YeRgth ¥td 7B Wokd Al7]=
0 weekZ 0.61+0.3012 e} BVDVE}; SAFSH A3k
= YA

AbnE M
e

N ME A A7l 2| HEEY

BVDVS] Ho} 23 A7) 1t9] AAASE Table 2
of Yetiitt. ZE AsolA 1w9| Foe et
Wek 7P W g drehd 0 weeke} 4 week] 2t
o] 0.70, Bt & 7 &2 A YERH 0 week} 1
week Zhol 0.872 Uhelt A A]7]0] AEgle] &
F 2 $X5 Bk WAl Fo] H9l 0 weekE 7]

Z0 2 319E u 24 week2}9] 0.72, 4 week2}2] 0.70

He 1 weeke} JAEH S o A7 0872 7MY &
A Yebgtt o] 232 ulZojlHol AAE WY ¥

=
2
o] =24 UeaS & 5 AUth
Table 39]&= BRSVS] EN

TEA ABE BASHT BF V5] fojgos
gel=]glon 71t w2 Ais Hel A2
4 week® 0.625 UebgTh T3 7P =2 Ale
H 2L 0 week2} 1 week (0.78)0]2IT}. BVDV (Table 2)

—

OF TRIZFAIZ 0 week?} 1 week 712 Aol 7MY &
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A vehd A2 A7z BokZ W 7M7) ded
Aoz AtrHE

Manhattan Plot2} Q-Q Plot

GWAS 24 ZA7t2 R E £25 Pvalue®] ZF& —logl0
(P-value)2 &3t T ZIX| &L Manhatton Plota}
Q-Q Plot FH|= ZA|3}5t0] Fig. 1~Fig. 80 LER]
k. —logl0 (P-value) 5 ©]4Ql SNP marker 52
ogt a3} okl Horom I AF 1 weeko A 0
week9] ZHS wff AAFSE 0 weeko| A 1 week7HA] 9] H
kol gt GWAS EA4 o) A= 28t SNP marker
S5 WY & QIGIHFigs. 1, 2, 5, 6). °]= BVDV
o} BRSVOJ A 5UstA yUehd Aatict 9HAE 0 week
ol Al 4 week71A| 2] HB}ES ALRt Aol A= BVDV
= 6709] SNP marker5<, BRSVOA+= 47§9] SNP
marker5< AT = UAUTH(Figs. 3, 4, 7, 8).

FE {2 w2

Table 40]= BVDVQ} BRSVY] S/P ratio H3}eo]
s GWASE AAgH & drad SNPEE UERR
o} B4 5 th=9] SNP FollA —log (P-value)Q] Fto]
5 o]AFQl SNPEE At om 1 AT} 0 weekof A
1 week7HA] 9] ¥is}eFof| tfgt 24 Z3tof| A SNP mark-
s 7|EAE WSS Xokqlth o= BVDVS
BRSV R% uhzb7EA o) ¥H 0 weekol| A 4 week7}t
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Fig. 1. Manhattan plot of genome-wide SNPs using P-value for BRSV to subtract 0 week from 1 week.
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Fig. 2. Q-Q plot of genome-wide SNPs using P-value for BRSV to subtract 0 week from 1 week.
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Fig. 3. Manhattan plot of genome-wide SNPs using P-value for BRSV to subtract 0 week from 4 week.

A9] W5l ekl 23kl A BVDVE 6709] SNP
marker (BTB-01704243, BTB-01594395, ARS-BFGL-
NGS-118070, ARS-BFGL-NGS-111365, BTA-65410-no-
rs, Hapmap38331-BTA-61256)5-2 2743 2= 9]9]0.]
BRSV= 4719] SNP maker (ARS-BFGL-NGS-109861,
Hapmap53701-rs29017064, ARS-BFGL-NGS-71055, BTA-
11232-nors) 52 =T 4 AUt & 10719 SNP
marker©]] TH3]| ensemblyS AA|St A3} SNP marker $]X]
oA B2 G AN Tl FH GA4EL T

oI} 2= 9JQItHTBXI8, CEP162, PAFAHIBI, METTLIG,
BRCAI, RND2, POLK, ENSBTAG00000051724, ADAMIS,
NRG3).

2o

Yang 5(2016)2] d+to] =™ TBXI18 gene 4
7 H-59] AlZF 8291 A% Sinoatrial node (52 4)
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Observed -logio(p)

Expected —logyo(p)

Fig. 4. Q-Q plot of genome-wide SNPs using P-value for BRSV to subtract 0 week from 4 week.
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Fig. 5. Manhattan plot of genome-wide SNPs using P-value for BVDV to subtract 0 week from 1 week.
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Expected —log,o(p)

Fig. 6. Q-Q plot of genome-wide SNPs using P-value for BVDV to subtract 0 week from 1 week.

of 3 W] FRT S Bk I
CEP162 gene©] thall A= AR Y (ciliogenesis) A cil-
iary transition zone2] @4Jo] 523t I Jitt= A
T7F UG tH(Wang &, 2013). ESF 2 A4 =
H PAFAHIBI1 gene® 7% Holstein®] A|g I =
9] Zlo](Udder depth)of] tHat GWAS 24 ZAi}o] 4]
T E5H W2E Q0 W(Marete 5., 2018), PAFAHIBI
gened} T} 2 ARS-BFGL-NGS-118070 SNP mark-
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ersh 293 9170] ZABH METTLI6 gene®] A9
Mendel 5-(2018)2] A-oflA] uF--A9] HjoH(Embryonic)
o wo] WyHel g S Lol YA,
BRCAI gene®] 9 QoA Slo] §3e Wg 2
L ganE A glon el weleleA
Z-g5ith= H117F 91 2 M (Rosen 5, 2003), Chinese
commercial cattleo]A] BRCAl SHAAE A9 GHI4

A AMsHeE A8 ks seke A7t gt
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Fig. 7. Manhattan plot of genome-wide SNPs using P-value for BVDV to subtract 0 week from 4 week.
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Fig. 8. Q-Q plot of genome-wide SNPs using P-value for BVDV to subtract 0 week from 4 week.

Table 4. Association test and ensembly result of SNP markers for BVDV and BRSV in Holstein

Trait Period SNP name Chr BP Close Gene —log (P)
BVDV 0 week~1 week ARS-BFGL-NGS-70470 6 72454639 3.774691
Hapmap49442-BTA-111073 6 64037334 3.382790

BTB-00260650 6 65698348 3.382790

ARS-BFGL-NGS-42926 5 74551645 3.344477

ARS-BFGL-NGS-25373 5 74764992 3.344477

0 week ~4 week BTB-01704243 9 64583261 TBX18 5.325598
BTB-01594395 9 65093167 CEP162 5.325598

ARS-BFGL-NGS-118070 19 23477516 PAFAHIBI; METTL16 5.202732

ARS-BFGL-NGS-111365 19 43068079 BRCALI; RND2; 5.151996

BTA-65410-no-rs 29 32890074 5.086027

Hapmap38331-BTA-61256 10 7082683 POLK 5.045565

BRSV 0 week~1 week Hapmap42287-BTA-65439 29 32033056 4.763211
ARS-BFGL-NGS-61189 28 9964623 4.528122

BTA-48808-no-rs 2 106064085 4.496209

Hapmap47315-BTA-48803 2 106165589 4.477947

Hapmap43684-BTA-77867 6 115164562 4.036496

0 week ~4 week ARS-BFGL-NGS-109861 4 104405667 ENSBTAG00000051724  6.119358
Hapmap53701-rs29017064 28 16097772 5.582694

ARS-BFGL-NGS-71055 27 34904207 ADAMI8 5.473402

BTA-11232-no-rs 28 37296816 NRG3 5.404063

ARS-BFGL-NGS-116722 4 103100577 4.905529

Note: Chr, Chromosome; BP, Base pair (position); P, P-value.
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(Yuan -5, 2012). RND22] -9 A1GA FojA 285
= AR w9 o5 2o TSt (Heng 5,
2008), POLK gene®] 7% €A% DNAO|A polymer-
ase?} Aol Qo m(Dai 5, 2016), ADAMIS gene2)
7% BRCAI gened} PIRIZIA| = FHQbof| ot =2
ABRAE ZHITHDa 5, 20169 2 T8 FHA
=0 izt ¥ AFEZ 22 & ASH oA o

=
¢ A% A2 5

A<

T
BRCAI1 gene¥} -2 - WY Q1AL9] AF
o, AdAE f =
o =0 g & ol FollA BEE of 7HgFo
2 Zgolhs FEo] & Zolgt Algdr). E3E 7=
AolA BHA 7eES B AFolA tifez 4
2 Holsteino]] a4 o]Fo]zl A7} ofm o]
Sequencing 5-(2005)2] AtollA U7t} A Apo]
9] ARt 44%Kto] TR A2 o2 Wg G
< Uy ol A=Y Id Fo] Fol whet
O2A yepdta AF3xol, o2 FolA a4
¥ Aol gle AT Holsteino A= 371748E &=
ol IS T £k Ut wEtA HEH THE H
A= B9 F2 =9 Holstein®] FAdS FHA7
o 2a%t AT A BE AT = IS Aol A

Hrt.

[

_—

o~

2 £

£ A+o)lA+= Holstein 24~ 10755 4O = BVDV
of WAL ZASIGCD 45lo] AA Qo MBS
A F G T 0 weeko| A 1 week7HA], 0 weekol| 4] 4 week
TR 0) Wstaol el B4 Awshect. E3 2045
9] Holstein© Z5-E Illumina BovineSNP50 Beadchip&
olgstol SAH ARHAAY AR)E SWsigle
™ 53,2187§2] SNPsO]| 34+ Quality ControlE A
Ao AA F dS SNPs 36257745 HA] of
&5ttt 7128A% £4°14 BVDVE 0 weekd
0.57+0.3782 7F A YEFF O™ 24 week & o] 0.78+
0.534% 7} =4 YERITE BRSVE] 739 0 week (0.61+
0.301) T} 7} WQro ™ 4 week (0.82+0.178) & wj 7}
T =0T AEEANA EH AHFH Al7]of AdEelo]
5 22 49 A IAE Ueiglo 2% 1%
9] F944(<0.0001y& UEFHAT. A A4 A
BAS AAsE 23} BVDVE 67]9)(BTB-01704243, BTB-
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01594395, ARS-BFGL-NGS-118070, ARS-BFGL-NGS-
111365, BTA-65410-no-rs, Hapmap38331-BTA-61256),
BRSV= 47]9] SNP marker (ARS-BFGL-NGS-109861,
Hapmap53701-rs29017064, ARS-BFGL-NGS-71055, BTA-
11232-no-rs)E0| ¥zo] =t} E3F o] SNPso]| th ]
ensembleS A At A3} TBX18, CEP162, PAFAHIBI,
METTLI16, BRCAI1, RND2, POLK, ENSBTAG00000051724,
ADAMIS, NRG38} 22 sl 93] ®= - 1A
oMol TH FHANES 2 4 UATH

A =
2 =i AT AFAAATHATE: da
o] "Rk o8& A A BV 7Ie AN, AR

TAHS: PJ01270404)2] X Lo]| oJsf o]Foix AH Y.
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