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Abstract

Porcine infectious diseases are still causing great damage to the pig industry. Various molecular
genetic analyses on improving stress or disease resistance have been continuously conducted to solve
these obstacles. GBP5 SNPs and RYRI SNPs are known to be casual mutations related to resistance
to porcine reproductive respiratory syndrome virus(PRRSV) infection and porcine stress syndrome
(PSS), respectively. The objective of this study was to validate the effect of the two SNP genotypes
on basic economic traits related to productivity, including lean meat production capacity and meat
quality in Landrace pigs. The pigs were genotyped by the PCR-RFLP method, and the unfavorable
allele was not shown in the RYR! SNP locus. Regarding GBP5 SNP locus, the frequency of the
GT genotype, consisting of T allele resistant to PRRSV infection, was 0.13. In the association
analysis of GBPS genotypes, there was no significant association between the productivity related
traits(p<0.05). The results implicated that the GBP5 genotypes could be integrated to the typical
breeding program without loss in their productivity.
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F=ARIO]| Qlo] APHL =95 AJAto] £Q &4 Y01 2 3Lk A (Morgan and Prakash, 2006),
HARE S7F A e, SEEA Ad FIARN 5 tfRt WsiE 17 IFH(Morgan and Prakash,
2006; Dehove et al., 2012). oA HZ] AAl7] ©87] ZT(porcine reproductive and respiratory
syndrome, PRRS):Z i "A5IIL Q= AHH O =2 20177 E 2023G7HA| 9] A= 241709
RIS AR A, 20239 99 @A). o]F% PRRSE J=AIolA BAH 0w
ot &4 sk, @AIA ZdE o] o] &HAL Q= PRRSAIE 11 Gaprt ARSIl Ao =,
AlAE o= Helsl7] 71 o2 HAET F ShfolthChae, 2021). o] we}, T1&3t A8 4Hs
g, 58 9 W58 Pl 2Ho] HEolA U HA] &F T 1| Bt e AES,
0%, ABADT Y o2 SEEIL UchMellencamp ef al., 2008). YHHA O &2 WHpE
< FABIL Qe FEsrdolde A1 9 AEYA AT B 4L S4sl| ofeke At
o] B2l AP 0 2= o] u- AgHAolqltt. ofof, APARMY 2 s dY I

>
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FX(single nucleotide polymorphism, SNP) 5 +-4Z} T}AE &-83F 1A E-2-A1S (marker assisted
selection, MAS)0] 5}L+9] tQtog AA|=| o] ZtHNeumann et al., 2021; Wakchaure et al., 2015).
HEAQ & 227 PRRS ¥ HAAEH ASTH(porcine stress syndrome, PSS)2] Q. QIHo|=
22 GBP5 SNP-3-HAFE (Mufioz et al., 2018; Koltes et al., 2015)T} RYRI SNP -3+ (Carolino
et al., 2007; Fujii et al., 1991)0] T}

A7 A AT E4(genome-wide association study, GWAS)E E3]| PRRS H}o|2{A(PRRSV)
29 T vjoleiAuS U AZ2/l0k Betel ) 49 Q] oFHFAHS| quantitative trait loci,
QTL)7} ©AE o, E3] o] ¥Y W 39 UlAZRA GBPI(guanylate-binding protein 1) 7442
WUR SNP(rs80800372; WUR10000125)(Boddicker et al., 2012)7F B %]t} 0] Koltes S{2015)
& PRRSV A&Aol| Tz Yol¥io]|2 A GBPS5 SNP(1s340943904)S H 175190 ™, WUR SNP9} &
TEAT Al 152 SRI. o]ofXl tE AFE0lAE GBPS SNPQ| GT A3 71 =
A7} GG A FAlo] Bl W2 Ho|HA B, w2 AHES UEH, FARESS A5H
HeElll= Ao2 HIEATHKim ef al., 2021; Khatun et al., 2020; Pena et al., 2019).

O[3t SNPHIASE MAS Zg 1o autzo g A8A|7]7] Ysiie 71& S, §42 5 it
J ol nlAl= el tigt &elo] BasiH, HH Ao = AKGeraci ef al., 2019; Kim
et al., 2021). Geraci 5(2019)2 o2t 274 oA YFFAY, SATFA, FUHAEE 501
oAl o] gl A= Hugon, Kim 5(2021)2 b= Al SHA(KNP)FHHolA GBPS SNP
O] GGHAAEE 7H #iA o s GT FAA 8 7H HA7 2 d35AFS Uehd 202
HsSie}. wEbA, GBPS SNP 5AFg0] A 4o plAls ¥ 55 2 Aol uet b=
A Yehbs A2 wEnh

PSS AEHAA THhA} ZZ(Popovski ef al., 2016)0&, SAH 0T AEF A0 WI7ksk HA]
oA =2 HIEF o]Ak&82] PSE={pale, soft, exudative, PSE)0] TAYATHFujii ef al., 1991; Guardia
et al., 2004). ZAZ U] ZE2HE0]| Tolsh= RYRI AR Ho)(1s344435545)7) PSE ¥HT}F =8
sh] Beielo] Lol BIE O Fuji er al, 1991), %)% FHFAL 2 T A7} 21
AdolM &2 0s AAQlom, o]2 QI 5 PSE WEE IA A4FTHHwang and Kim,
2002, Kim et al., 2004).

ol & A9} &2 =i H=go]2(Landrace) HHol A PRRSAFJ} A= U=GBPS
SNP SAR0] R AAHY Tl 9ol V)AL e A%a, ojo} HRol, PSEUIE}
A Sli= RYRI SNP RRAFF] diet £41& AAste] 1 =g gQlsk= Ao|ch

1. Mz &

SAM=E 3 DNA £=

SHOIA ARSEL Q= 12679] A=Flo]A HA(AMIEA 745, FA 527)9] HoElE ARgS
Atk sEE2 FARE A 2UE Algshs 3719 wgolA ARSESeH, 5YUS E5oIA B
Hott. d=golA 54 RZAAFO|A G-DEX™ Ilc Genomic DNA Extraction Kit(Intronbio,
Seongnam, Korea)E: °1-83 A& A|52E protocolo] wh2f &5t

X

Xl 1

o

o‘o‘|_|

I

HE FAO Lee 5(2023)0] 7|&H UL o] 83l0] 2A51%tHLee ef al, 2023). AR 455 o]
off s8R §5=0] v FYolA L& ARE AHEIAT L& MES 0.5x0.5¢1.0em’ 2202
et o] A 24 WS The: o] U2 W1 80°Co] AAsliTh 131495 FRol
spear type electrode(Model 290A; Orion Research Inc.; USAYS ARE-010] AR 455 pHEHpHasmin) =


https://www.sciencedirect.com/author/6701602646/maria-dolors-guardia

SR 2E A AEHA Kfebd HE RUAE0 Aigo DXl Set

S70ISATE AR 24A17F Fof| 4ToA BE HHS 3027 3710 EA710L, 89WA F5ollA
chromameter(CR-300; Minolta Camera Co.; Japan)S o]85l0] HL(L)E 24519t B4 J=o
& S5EHK(drip loss)= S7517] fIsfl o] HESFE 5 MES 4Col|lA 4841t 52t B3
H Bld BA0 Wiz, 8 S59 FAE 783 & 27| AE FA0 et HE-EE FASISIH:
=8 AXKNPPC color, Ncol)¥} TFEF] AT O|(NPPC marbling, Nmar)= NPPC(National Pork
Producers Council) Fj&]127] &2 F3(Meisinger ef al., 1999)0] wet AAEQIt). A5 carcass
weight, CW)2 £ A% 24519t} 54 WH 2 (longissimus dorsi muscle area, LEAYS §5
A5zt 6 Alo]o] 7hAlEt viEAES TA) SHEEE WA lem)E 083ste] HHA S om’
RIE S99 24| SAHEA(hot backfat thickness, HBF)y= SRS SAH S YA]0f
29} Mz oa 2gsjol, viAlet F20k 4183 Ajole] SAEAR AT AFE
Aolo] EXMEAL mm T2 24T BAUE 2 L8,

=

Polymerase chain reaction — Restriction fragment length polymorphism(PCR-

RFLP)Z 0|85t |MXIE =4

GBP52} RYRI SNPER|o] tigh 541 =4S AAfSIolth 14213 242 fls PCR-RFLPY
HE AREFIOH, PCRES 439517 I8l Primer3(https:/primer3.ut.ee/)E ©-&3t] 2k -4AM] 2]
St SNPE ZJ’E B9IE SEoke primers HARISIYITHTable 1).

FZ% DNAZRHE PCRE T100 Thermal Cycler(BIO-RAD, Germany)s ©]-8-510] 4= it
PCR ¥ESOHO] & Hmll 20 uL 2, 254 127 pl, 10x S A=Kw/20 mM M) 2 uL, 10
mM dNTPs(2.5 mM/each) 2 pL, Z¥Z+ primer 10pM 1 LA, i-MAX™T] DNA Polymerase(5U/L)
0.3 4Lo]l DNA template 1 yLZ Z315}99ch PCR HES- 94T ol SEZF pre-denaturation 3t Z, 94T
oAl 30%, GBP5 SNP+= 59T, RYRI SNP2 6004 30%, 72CoflA] 3029] TZ 33 cycleR 4385}
a1, vt AR final extension T2 72T OllA] 587 ZIPAIFATE S=H DNA AE-2 3% agarose
gelolA 71958 AXslo] Zkzt 414bp 2 412bp PCRTHS SRIFTE SAXE BAS 9Jslo]
9] PCR SF4HEZ Table 19] AX =0} Q= ARIAAE o]-&5}0] RFLP £41& AA5ISith 5354
PCR AM& 3 pLo] Z¥z} Hha 120 U/pl) = Alu 1(10 U/pL) 03pLS 931, 10x §RS Q0 0.7
L, F55 3 uLE 20] 7 uLo] EHES B Aoja, 37C FLpzolA 24 uESSISIT AljtE
27F A5 PCR FFAREZ 3% agarose gelolA] A7|952 AAlst] 428 SRlstSit:

SHEM

o] A Fx]2] CW, LEA, HBF, pHysmn, L', Drip loss, Nmar & Neorol| gt 7] 2EA =}
GBP5 7R3 9] a3 7127} SAS program package 9.4(SAS Institute, Cary, NC, U.S.A)2] MEANS
procedure?} GLM procedure ©|-85}0] 45149t} GLM 24 W o= SEX, Block, GBPS 57414}
o] 1Y aE xotEo] itk Adk= A AlF ot EEAE Uehiglon, fHAEE &
J(p<0.05y2 A5

Table 1. Information on primer sets and restriction enzymes for genotyping

Gene SNP ID Sequence PCR size Enzyme
F : TCC TTT CCT CCT CTG CTG AT

RYRI 15344435545 R : CTA AGC TCT GGG GTC GG 414 bp Hha 1
F : TGC AAG ACA GAA ACG CTA CC

GBP5 15340943904 R : CAA TAC CTG CTG GTG CAG TC 412 bp Alu 1
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-

n. gda 3 uF

YT st 71= SAF

Table 2= 57 2 S8 FE| Uzt 7I& TADS 82, CWO] B2 84.00+7.29 kg, LEAS]
B 35.50+4.49 em?, HBFQ] -2 18.00+£3.89 mmO|th pHyspin®] BH- 6.06:0.26, L'9] HH-
46.14£1.91, Drip lossQ] BT 3.49+1.55 %°|ck. Nmar®] B2 1.88+0.67, Ncolo] FHHES

2.8430.500|c}.

= o

<t

fo o
lo

GBP5 ¥ RYRT ST L3y 9 HiT S0l

Fig. 12 GBP5 SNP2] PCRAFE(412 bp) I AStaA Alu 1-& ©]-83t RFLPYY| 23] L85 3714
AL vehdith. G B8R Al ] JAo] 23] 158 bp, 120 bp, 97 bpet 38 bp HI=E
Ho|o, T dj@-8-4A= 278 bp, 97 bp, 38 bp HI=ZS HOIch

< 1260 et GBPS SNP A 24 A, tFE GG FRIAE o= LERd 2 (0.85),
PRRSVAYC A4S 2ke T diEIAE Zobete GT 9 TT FAA39 Hlkee 27 0.13,
0.02% UERTHTable 3). ofc] GoF T /4S9 Hliee 742} 091, 0.092 Wrebett.

Table 2. The descriptive unadjusted statistics for productivity-related traits

Traits IR Mean S.D? Minimum Maximum

Lean meat production ability

CW (kg) 126 84.00 7.29 71.00 106.00
LEA (cn?) 126 35.50 4.49 24.00 54.00
HBF (mm) 126 18.00 3.89 10.00 31.00
Meat quality
PHasmin 117 6.06 0.26 5.45 6.84
L 125 46.14 1.91 41.55 50.28
Drip loss (%) 125 3.49 1.55 0.87 7.66
Nmar 125 1.88 0.67 1.00 4.17
Ncol 125 2.83 0.50 1.67 4.00

) Number of animals.

? Standard deviation.

CW, carcass weight; LEA, longissimus dorsi muscle area; HBF, hot backfat thickness; Nmar, NPPC marbling;
Ncol, NPPC color.

Table 3. Genotype and allele frequencies of GBP5 and RYRI loci

Gene SNP ID N Genotype Allele
GG GT TT G T
GBP5 15340943904 126
0.851) 0.13 0.02 091 0.09
(107) (16) A3)
GG GT TT G T
RYRI 1rs344435545 80
1.001 0.00 0.00 1.00 0.00
(80 (0) (0)

N, number of experimental pigs.
D Numbers in bracket indicate the numbers of experimental animals.



- 414

- 278

= 158

= 97

M PCR GG GT TT

Fig. 1. PCR-RFLP patterns using Alu1 for GBP5 SNP(rs340943904). PCR amplified 414bp DNA
fragment digested with the restriction enzyme A/u 1. Lane 1 represents 100bp size markers, and
Lane 2 represents GBP5 PCR product(412bp). Lanes 3 to 5 represent GBP5 SNP genotypes, GG,
GT, and TT types in order.

PSS= RYRIS] 7|90l ofsf Aol S0 |th(Fujii er al., 1991). EZF Uof|A] ARSE|aL
L A=HolA PSS SAAE ¥k A3 Axk 200240 NN S-42430] 55.3%, Nn 31.6%, nn
13.2%%1.21, 200410l1= NN 87.64%, Nn 11.24%, nn 1.12%2 S45343A4] =, PSE 92 2445}
£ RYRI SNP TT 5744 =27} A Tej=lo] 711 Qe RS ERIg 4= Arh(Hwang ef al,
2002, Kim et al., 2004). °}& B3l Hol7} §h& A0R olifslglon, & A-toliis A H=HolA
1265 ZAofA EA0HA] gl MR 8~95F4 Adsto] F 80FoA A A4S Shgith
1 A3}, oidat Zo] THER-A R UeA] 294l B5 CC -314F8E H.3LOm(Table 3), PSS
DNAWPAZ} FE@ollA At os A8y Alels gIg 4= Uit

Pena 5(2019) E3F Aol U= FAAFRI GT type 248% 5 82F= 0.339] H2 ¥Ies
Holow, B BAAE (.130F WSkth o= DNA upAE 0|85t PSSe} 7o, GBPS SNPE o]&
SFH PRRSO| tigt MAS 3HE 7|9 4= 9k Aoloh

GBP5 SNP(rs340943004)2t S-S 7to] oz BA

o|7l ATl GBPS SNP(rs340943004)2} AAHY Tl S 7h] AThy B4 ke GoKo]
Hol] YT Geraci et al., 2019), T HEF o] ek tolAle] e A7} gl Aolet.
whebd, Aol e A0 Lejdl THYAHAES E3sk Qe GT 2 TT $8%K35} GG 44

Al el i we B2 1o A B4 AASIITK(Table 4).
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Table 4. Results of the association study between productivity-related traits and GBPS5 rs340943904

SNP
Genotype
Traits GG GT&TT p-value
(0=107) (n=19)
Lean meat production ability
CW (kg) 84.61 (0.60)V 86.53 (1.47) 0.2312
LEA (cn) 35.58 (0.43) 35.92 (1.06) 0.9573
HBF (mm) 17.90 (0.35) 18.85 (0.86) 0.3080
Meat quality
PHasmin 6.06 (0.02)V 6.14 (0.06) 0.2408
L 46.00 (0.17) 45.96 (0.43) 0.9264
Drip loss (%) 3.53 (0.15) 3.93 (0.36) 0.3029
Nmar 1.86 (0.07) 2.01 (0.17) 0.4049
Ncol 2.88 (0.05) 2.96 (0.11) 0.5352

D Standard error of least square means.
CW, carcass weight; LEA, longissimus dorsi muscle area; HBF, hot backfat thickness; Nmar, NPPC
marbling; Ncol, NPPC color.

GBP5 SNP 842181} S 4(CW, LEA, HBF) 2 S48 (pHysmin, L, Drip loss, Nmar, Ncol)
Zre] ATy B4 Ay}, T A 7H9] fofgt Ajol= HolA| Qkdth. GBPS SNP AR 9
AR W= Aa, @A U Hegels Yo violA GT 47 Rlert 1265 5 1652
U3t7] WHizoll GBP5 SNPE o83 PRRS A[@4] el A 21382 832 ol PSSHH axt
7v 717t Ev}. 3L GBPSE AHAR Y B =K A 22 TS S8 710 8
AEE i B FEEcle IA 9 FA e ZoE wekEnh 9o AEAYd B
FRIQIAREO] el 2 ket Zo] Bibd T P TAE ERloks - B/ Aol

V. O OfF

I -

rir

A= FEARIS] 2 WoiE = A @ AEH A9} WAE RYRIT GBPS SNPES] 797}
T 9 AR =S ERlskal, GBPS SNPo} AJAHY T FAE 71| AwdS dopi st
AABIAcE B B4 BE HAES RYRI SNPO| tfs] % CC RS Uerdch g
PRRSV o]l w2 5] PRRSV 54 W AF5AIHT} TAE GBPS SNP= 58 £ 4 883
g2 HolA] Aolth whabAl, PSSE F= RYRI 373012 ToiR-AH]
- Bt o s A Aog wEr, oloh o] GBPS RS 7IE

4
il
r

Y= S Fdoflx
A B FAol| 24 FFS FA) Lo A PRRSO tieh A3bAS I 4= Q1= DNA 1A
2 olgd £ 9l o7 wohEch

V. AL A}

£ A7 STk 394 At Aedist S/JARILINC 3.0) 2 S AA oA
TARIEHAAS 1711196497)9] AP0 F=| A5t
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