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Porcine reproductive and respiratory syndrome (PRRS) is economically the most important and challeng-
ing disease in swine industries worldwide and caused by PRRS virus (PRRSV). Previous studies re-
ported that pigs with heterozygous genotypes in the guanylate-binding proteins (GBP1 and GBP5) ex-
hibited increased resistance against PRRSV infection. The present study was conducted to produce high-
er numbers of the heterozygous pigs based on the PRRS resistant polymorphisms found in GBP1
(GBP1E2 and WUR) and GBPS5, and evaluate the resistance of heterozygous pigs against challenge with
a type 2 PRRSV (JA142) in comparison with homozygous pigs. In the challenge study, 12, 4 week-old
PRRSV-negative piglets were selected based on the genotypes of the 3 polymorphisms (GBP1E2, WUR
and GBP5). Among them, 8 piglets [homozygous (n=4) and heterozygous (n=4)] were challenged with
JA142 and kept in the same room, and the remaining 4 piglets were kept separately as a negative
control. In results, the sperms collected from the boars of GBP1E2-GG genotype produced approx-
imately 28 ~41% higher numbers of heterozygous piglets as compared with those from the boars of
GBP1E2-AG genotype. In the challenge study, we found that heterozygous piglets showed the sig-
nificantly lower levels of viremia than homozygous piglets at 14, 21 and 28 dpc. Consistently, these
heterozygous piglets also exhibited significantly higher ADWG than homozygous piglets. Therefore, in
the current study, selection of boars based on SNP markers could increase the production of PRRS re-
sistant piglets and the PRRS resistant pigs were found to be more resistant to PRRSV infection.
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2 A3 QJrHKim, 2006; Yoon 5, 2008; Nam
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Genome-wide association studies (GWAS)S E3f| 4]
R HABA|(Sus scrofa chromosomes: SSCs) 1, 3, 4, 5,
6, 7, 17 128131 X FMAA oA WL quantitative trait
loci (QTL)o] A= 3o o] QTL = x|o| 4] PRRSV
9] viral load9} ZA|&of d3o] QlthBoddicker &,
2012; Serao 5, 2014; Waide %, 2017). £3|, SSC42]
QTL %> PRRSV el tigt Agdx ¢dtol
Ql+= genetic makers®} guanylate-binding protein (GBP)
1, 2, 4, 5, 62 E3Fs}1 QltKBoddicker £, 2012;
Shenoy &, 2012; Boddicker 5, 2014; Kommadath &,
2017). 7L 3, SSC4¢] GBP1S GBPl 9] exon 2
(GBP1E2)9] single nucleotide polymorphism (SNP, c.
[10A>G; 11A>G])2.& 9184, GBP5 E3F GBP5 U
o] SNP (15340943904 [T>G])= <18]4 PRRSV 7+
o e 4 Ulge Rolslizt] A4H erg o
t}. GBP19] 3’ untranslated region (UTR)o| <]*|3%t
WUR E3F WUR ] SNP (WURI10000125 [A>G])
2 Q84 PRRSV # el ozt A4S 7]odsh=
oJgke sith. 182 = GBP1E2, WUR, GBP52] SNP
= PRRSO|| tfgt <5 WAdol Tojsh= 523 genet-
ic markero|tHMa 5, 2008; Vestal and Jeyaratnam,
2011; Boddicker &, 2012; Boddicker 5, 2014; Gol &,
2015; Koltes 5, 2015; Niu 5, 2016; Dekkers =,
2017, Kommadath 5, 2017).
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Purification System (Thermo Fisher Scientific, Waltham,
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Table 1. The information of primers and probes used for genotyping

Assay Name Forward Primer Sequence (5°~3") Reverse Primer Sequence (5’ ~3”) Probe 1-VIC (5°~37) Probe 2-PAM (5’ ~3’)
GBP1E2 CCGTCTCCTCCCTTGCA TTCTCAATGAGGCACTGTGGTT TGTGCACCTTTGAGGCC  TGCACCCCTGAGGCC
WUR AGACCTAGAATCTCCACAGAATTTCCA AAATTCCAGAGAGTCCCACCTAGT CTGGGTGATAAATAAAT TGGGTGATGAATAAAT
GBP5 AGGGAGAAGGATGGGTACTTTCATT  CAGCCTCTGCTTGCAAACG TGCCTCTGAGCTAGAAGA TGCCTCTGAGATAGAAGA
S HESE = 1159 £33 2 GBPIE2-GG Table 2. The genotyping results on sperm samples from DH farm

o= T Y i T AA— genotyping P! p
FABSE B &+ 259 FY E3 GBPIE2-AA Polymorphism

= = GBP1E2
TS B 2= 12570 A5kleh 20k $9 AA AG GG Total
AEo 9] Il E015 B4 ubv el TagMan SNP
e ol g et 24 q The number of piglets 58 (63.1%) 30 (32.6%) 4 (4.3%) 92

RAFE AFH 842 GBPIE2, WUR, GBP5] SNP7}
heterozygous°1 437 =j%] 8ulg], homozygousQl 45
g HA 4ntE]E FFIskal, PRRSV 24 1 4utd,
4 HF 1% % heterozygous 15 4u}2], homo-
zygous TLE 4vhEl 4 B ASch FolE HA7} 3
gl A 4 e 17 A T AL A
Alsto] PRRS 4 #Hlsetal 34 IS AL
% gu}g] 10° TCIDsymL PRRSV (JA142)E 7|4 &
2mLy 28 4% sk

HEe (x4 F= #), 3, 7, 14, 21 18]31 28
days post challenge (dpc)oll AA|ste] @3-S FHFHS
AR Azt A5 A st
R A2 = PRRSV 5% & reverse transcrip-
tion polymerase chain reaction (QRT-PCR)Z AlE-5}¢
=743tk 28 dpeof] BE A= AL A]7]L H
A= AT

a7, v

= HIO|YHA S5 =X

mol-

MagMAXTM Viral RNA Isolation kit (Ambion, Appli-
ed Biosystem, Life Technologies, Inc., Carlsbad, CA,
USA)E ARE-sto] @AollA viral RNAES =353t
%23l RNAX one-step qRT-PCR kit (Prime-Q PCV2,
PRRSV Detection Kit, GeNet Bio, Inc., Daejun, Korea)
£ AF8-31o] 7500 Fast Real-time PCR system (Applied
Biosystems, Foster City, CA)& ©]-8-3}9 kit A&
of gA dF wHiolgL =5 S48 PRRSV
oFA AME2 threshold cycle (Cy) gto] 35 3-& 1 o]
S} Zrolw standard curvel:= TCIDsy/mLS 41 Q=

PRRSVE ©o|-&3sto] SA35t3om ol 7|Hte g G
%2 TCIDsymL ko =2 wH3s}he]

SAHX

giolg 3 9 ERFE dAdutd(Microsoft Excel
2013)S &8 5}%S GraphPad Prism version 5.01
(GraphPad Software, CA, USA)E ©]-&3}o] 1fj=&
a8, 2 a5 E §9A4 H7H= Mann-Whitney meth-
od (a non-parametric test) HAHL 0]-&35}o] P<0.05

SEolH AEsIck

S= FA2| PRRS Xty |UX BEXRAL 3 MEH
S=2| EAS 0S¢t wHf HA

DHsdol 355 e A9 28 &4 & 4%
AAE AASE 23, GBPIE2-AAT 0] 58%(63.1%),
GBPIE2-AGE 9] 305(32.6%) 131l GBPIE2-GGE
o] 45(4.3%)2 ZF2l = I TH(Table 2).
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mozygous?| Z}=-2- 34u2](34%)7} AJAHE] Sk GBP1E2-
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ML XMgHd [RUX BR] XHEQ| PRRSV ZHEO| CHet
= 2 GBPIE29] §-A 3 o] heterozygousQ] A= 132 Xt Wt
u}2](94%), homozygousQl AF=-2 6ula](6%)7} YAk
9T, GBPSS) f7Ho] heterozygousel AEE 132 A AFY {A% WE AES] PRRSV 74
1}2}(94%), homozygous?l A= 61}2](6%)7} YA it A= Brkskr] ff8l = AddS HAAS
5 9ick(Table 3, 4) 1,2 )2 42 A W AZS S, SR
dH o2 qRT-PCRE ©|-83F% PRRSVE] &5 Hio]
2l 7S S745H3AH PRRSV 49 dpc7HA]
£ BAR 979 Jolzt YA, 14, 21, 28 dpe
Table 3. Genotyping results of piglets produced with GBP1E2-AG sperms
Genotyping results of piglets
No. of boars. .
(GBP1genotype) No. of sow  No. of piglets GBP1 (WUR/E2) GBP5
GG AG AA GG GT TT
403 (AG) 21~57 12 0 8 4 3 9 0
51~59 12 0 5 7 4 8 0
21~40 12 0 7 5 3 9 0
41~31 12 0 7 5 4 8 0
71~14 12 0 8 4 2 10 0
37~98 12 1 3 8 5 6 1
3~86 11 0 7 4 3 8 0
19~64 12 0 8 4 4 8 0
Subtotal 95 1 53 41 28 66 1
3102 (AG) 78~14 12 1 3 8 7 4 1
24~63 11 0 6 5 3 8 0
19~16 12 0 7 5 4 8 0
Subtotal 35 1 16 18 14 20 1
Total 130 2 69 59 42 86 2
Table 4, Genotyping results of piglets produced with GBP1E2-GG sperms
Genotyping results of piglets
No. of boars.
No. of . of piglet: BP1 E2 BP.
(GBP1 genotype) 0. of sow No. of piglets G (WUR/E2) GBP5
GG AG AA GG GT TT
7708 (GG) 47~12 12 0 12 0 0 12 0
28~64 12 0 12 0 0 12 0
46~72 12 0 12 0 0 12 0
77~172 12 0 12 0 0 12 0
51~17 13 0 13 0 0 13 0
11~29 11 0 11 0 0 11 0
41~35 12 0 12 0 0 12 0
19~65 10 0 10 0 0 10 0
24~02 12 0 12 0 0 12 0
Subtotal 106 0 106 0 0 106 0
2613 (GG) 65~24 12 0 12 0 0 12 0
53~47 11 0 7 4 4 7 0
65~42 12 0 7 5 5 7 0
Subtotal 35 0 26 9 9 26 0
Total 141 0 132 9 9 132 0
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Fig. 1. Viremia and average daily weight gain (ADWGQG) after chal-
lenge with PRRSV.

o5l &% PRRSV *=%7} homozygous:= H 4.19,
3.60, 2.67 TCIDsy/mL 21 Z o] H]3}] heterozygous+= H
T+ 259, 1.79, 0.60 TCIDsymL ©] =7 Z|o] heterozy-
gous “1F°] PRRSVY| EF A7p7} {Foj4og o
A2 SRIEGIE wf AE 7|7kt S Al
ubo s 2891 Foke] Au ZA&S AN A,
PRRSV 54 15 d9F SA&9 Btgtol 0.508
kg/dayo]il, homozygous 152 A SAHE&Q Hat
Zro] 0.264 kg/dayo] %l 2™ heterozygous 152 U
ZAE9 Hatgko| 0.448 kg/day= heterozygous 15
©] homozygous Lol Hl3 FA OS2 {24 SIA
dF SA&ol =A SH = UTkEFig 1).
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PRRS?] ¢¢1#|¢] PRRS virus (PRRSV)= 3114,
A4 o] Yy thefste] aab ¢l w4l 7
9 A7 E Al olthMeng 5, 1995; Nelsen
, 1999). =ty Aol A e thgst =13 PRRSV
o|F7t @ F2 a3t A= qlo] WA AT
o]#]-8-& 7 QItiKim, 2006; Yoon 5, 2008; Nam

S rE o nk Jo

5> 2009). ©]2]3F PRRSVE| WAE fJslf 7]E9] A
A 4l WAl PRRSVE] SO ofd <
1 =j2] 2] PRRSV A3 Ao digh A+-7F
3| o]Fojx]11 QItHRowland, 2012). &FA1 W
o A B R] HABA|(Sus scrofa chromosomes: SSCs)
Ao A quantitative trait loci (QTL)¢] ¥-AE )
o] QTLE HjA]o| 4] PRRSVE] viral load®} 53
¢ko] glem, PRRSV Zr¢dof thgh Aah/dat
R+ genetic makers®} guanylate-binding protein
(GBP) 1, 2, 4, 5, 6& Z3tsl1 QltiBoddicker 5,
2012; Boddicker -5, 2014; Serao 5, 2014; Kommadath
5, 2017; Waide 5, 2017). 1 =, SSC42] GBP1 4| 9]
exon 2 (GBP1E2)9] single nucleotide polymorphism (SNP,
¢. [10A>G; 11A>G))Z WUR Uje] SNP (WUR10000125
[A>G]), GBP5 2] SNP (15340943904 [T>G])= 2l
a4} PRRSV ol thigh <5 WS Folst=d
Ax A9l gk FHhMa 5, 2008; Gol 5, 2015; Koltes
5, 2015; Niu %, 2016; Dekkers 5, 2017). 18|22
FHuEE Sl =7l wHAs] Q= PRRSVO] o
gk =3 7INEe] AR AR A7IHS gHEsho]
U =27eR nHe) AW A F5S S35t
of Aol o3t A At S&38kofof gt
2 A= =AY PRRSVY disf AAdE 7
GBP1E2, WUR, GBP59] heterozygous 43 9] 2=
5 AAkstal, AYAFE heterozygous AHES 3t = Ui of
utz] o0 2 YA E|l= homozygous AH=E2] PRRSV
qgt WYd WIS Sl B v ATE B
< o, GBPIE2-AG §-43& H{3t &9
Q
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<= AHESHE WiEoh GBPIE2-GG HA%S H&3
S o] HNS A8319S w GBPIE2-AA $HES
Hieh W= 7% Al heterozygous Ap=2] AY1to]
28~41% F7Fskitt. AATE heterozygous 73 9]

A= homozygous A% 0| A=Ske] WA H
WE o5 JAIRE HF AL A S, vhol
2 HFE T 7 dpe 7= FAACE F9ZQ Zol
7 (ARG 14 dpe i E FAA 2 {24 A het-
erozygous 1504 PRRSVE] &= djolgiA o717}
daEgon A A&l A= homozygouse] B3|
heterozygous % 2] Ah=50] 24 A H =2
9 49 FAES Btk o|2g ZAX= hetero-
zygous?l FAPFY HAZF ARAE FAAR Qs
PRRSO| thgt &= Wido| o Asith= 7]& 2
S 4A3F9 tH(Boddicker 5, 2012; Hess %, 2016;
Niu 5, 2016; Dekkers 5, 2017).
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GBPIE2-AG +418& H{at %{nﬂ Ng AH8St
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4% 7Aool o5 HESH PRRSVE 244
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S daT S 9 Ao HehE
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