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Abstract : We have utilized the PCR-RFLP method to detect the ryanodine receptor(RYR1) gene mutation
and to estimate the genotype frequencies of the RYR1 gene in commercial crossbred pig population.

The exon region(659bp) including point mutation(C —T; Arg —Cys) in the porcine ryanodine receptor
gene, which is a causal mutation for PSS, was amplified by PCR and digested with Cfo I restriction
enzyme. The RYRI gene was classified into three genotypes by agarose gel electrophoresis. The normal
homozygous(NN) individuals showed two DNA fragments consisted of 493 and 166bp. The mutant
homozygous(nn) individuals showed only one DNA fragment of 659bp. Also, all three fragments(659, 493
and 166bp) were showed in heterozygous(Nn) carrier animals. The proportions of normal, carrier and PSS
pigs within crossbred population of pigs were 81%, 15% and 4%, respectively.

According to the results of analysis of variance for the association of genotypes of RYRI1 of pigs at
30kg, day age at 90kg and average daily gains, the RYR1 nn genotype was very higher than RYR1 NN
genotype for day age at 30kg with 5% level of significant difference, but no significant difference for
association of any other genotypes with day age at 90kg and average daily gain in crossbred pigs.

Therefore, DNA diagnosis by using PCR-RFLP analysis for the PSS gene was useful for large-scale
screening of commercial pigs in the swine industry.
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gg ctg cat ata cac gfc cag ttt gcc aca ggt cct acc agt ccc cac tga aat taa tta t
1 RYRI1-F primer
tt cta acc acc tca tgt atg gac aac atc cac ctg gcc ccg aag atg cac gtt ggt gac ¢

cC cgc cca tcc aga acc tcg tct tgg tct ccg tge tct cge act gac ccg gec ttt cac t
ct tgc ctc cga ctt ctc acc cct tge tec cgt ctc tee ttt cct cct ctg ctg atg ccc g
at ccc atc cct cac agc ccc ctg cgt ctc acc aga cct ttc tct ttg acc ttg atc tcc ¢
tg tgt cat ccc tga cct tcc cge ttt cac cac ctc ttc tca gtc aca tcc cca cct ccc a
cc ctg gga cat cat cct tct ggc ttc cca ccc tgg gtc ttc cat gga cca cac cct ccc C
gc aag tgc cct cac acc ttg acc tct gac ctt gac ccc tag gtg ctg gat gtc ctg tgt t

990 | Cfo I
cc ctg tgt gtg tge aat ggt gtg gec gtg cge tcc aac caa gat ctc att act gag aac t

Val Ala Val Arg Ser Asn GIn

1021 tg ctc cct gge cge gag ctt ctg ctg cag aca aac ctc atc aac tat gtc acc agg tct g

1081 gc ccc cca acc ttt gac ccc aga get tag aac cct cca cca ccC cgC ccc gac fca gag a

T RYRI-R primer

1141 ct cca ctc cgg tga atg gee ctt cct ccg tcc ccc ace ccc gga ctt aat gec agt ccc ¢
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Fig 1. Partial sequence of ryanodine receptor gene. The site of RYR1 primer sequence is

underined, and the point mutation site is shown by an vertical arrow.

w52 Yk T PCRO| o] &3H5ch

RYR1 primere| MAH % &M

PCR primer®] A7= Fig 19)|A] B ule} 2t} Fig 1
S Hx]9] calcium release channel?]l RYR 1 gene® &
exon?} introng ¥ 35+ F 1,568bp S0l A primer #|Z}ol|
a3 481bpollA 1,170bp 912 YeRf it} 3hat
¥7} 7181718 990bp FE-o] O/ TE PO
PSS =o] WHlsHAl Ft}h weba, 990bp FEo] C7F TR
A8 s #sh7] 98] v 22 RYRI-Foh
RYRI-R 7 7}e] primer %8} AAIStar T4 tich
PCR 7Itol o3t RYRI Xt ZZ

RYRI fx7e] PCR FFHE 93 whexzle
GeneAmp PCR System 9600(Perkin-Elmer Cetus, Foster
City, California, USA)S o]-8-310] Thga} 2-& 275}

A AABEYTE &, vhe-le 0.5y tubeol] template DNA
50~80ng, primer 2} 0.5 M, dNTP 2} 200 M, 10x PCR
buffer 12]31 Tag DNA polymerase 1 unitS 37|35}
PCR ®F3-o0-S- % 202 ZA3FCE PCR cycled Hx
94TColA 5F3F M7t & 94TCAlA 142, 67ColA 1
B agjal 2T 18749 cycleg % 353 Wk3) o}
o nhxEre 2 72CoA 5E7F 7195k  DNA 319
TE3TH

tlo ™o

Metea xzlof 2/t DNA Bt & d7(ds
PCR £E ¥ RYRI F#2H65%bp) 2] A|g-a s A=
5u09) ZZAME0] 5 unite] Cfo I (Boehringer Mannheim)
AT EALE o]§3ted 37TCAlA] 3AIZE o] Whg-AAH &
ok Algtaaz dusie] dojxl DNA TS TBE
buffer(90mM tris-borate, 2mM EDTA, pH 8.0)5 ©]&3+
2% agarose gel2 Z7]9%53sle] EE3 ¥ ethidium
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Fig 2. Banding patterns of PCR products with RYRI1 specific primer by 2% agarose gel electrophoresis in crossbred pigs.

Lane 1~15 ; 659bp PCR products with RYR1 gene.

M : molecular size marker(¢X-174/Hae III marker). LHD : Landrace x Hampshire x Duroc, LY : Landrace x Yorkshire,

LYD : Landrace x Yorkshire x Duroc.

LHD

LY LYD

M 12345678910 1112131415

659bp —
493bp —

166bp —

Fig 3. Banding patterns of RYR1 DNA digested with Cfo I by 2% agarose gel electrophoresis in crossbred pigs. Lane 1,
3, 4,9, 10, 11, 13 and 14 ; RYR1 N/N genotypes, Lane 2 ; RYRI1 n/n genotypes, Lane 5, 6, 7, 8, 12 and 15 ; RYRI1
N/n heterozygote genotypes. M : molecular size marker(X-174/Hae III marker). LHD : Landrace x Hampshire x Duroc,
LY : Landrace x Yorkshire, LYD : Landrace x Yorkshire x Duroc.

bromide &<l 0 2 al5le] UV Ao 238 = DNA band
s sl Zb A PSS RS Fgsith
4 1

PCR-RFLP HHo=@ PSSE 931 ryanodine
receptor §-%1%}2] @ F71EAH|(C - 990 A
£ X8k d71g S 2t primerE ©]83le] RYRI1
FA7 #9E FF3 PCR A= Fg 294 22k =3
PCR ¥hgo|| ola) ZZ & 659bpe] RYRI 3=} 299
PCR TFAHES Cfo I AIFEAE o] &3ty Augt th
+ 2 U34S Q17 $3te agarose gel 27195
2 71Z3} RFLP Y2 Fig 37 2t} Fig 304 B
ule} o] ASFEA Cfo (G/ICGO)oz AuhslglS o
Edro] f327F EAEHA e 787d<] NAINN)el A
= 493bps} 166bp 2719] band’} ZAEHYTE 2} =
Aol FHAE FIHTA Jel= BF38la = PSS
2 A @)= C — T G7IAES R Co T AR
29| AAPF-L7L EAISHA] ol 659bpe] T bandyte]
HEFID 3, EAdo] FHAE olFYHTA AdH
2 Bfeta e dEHZEA) AANDE 8 7

A}9} PSS H-AAE HuR 71222 493bpe} 166bp 27
9] band o]l Cfo I A3FaAe Q) Q1AEA] b=
659bp band7}A] 3709 band’} B2F ZAEHAYTH

ol g ol vHS§ wFES SR Co I AR
A5 o]&3le] RYRI 91| PCR-RFLP {3413 2
A 2HRNEE 2435 Ai= Table 13 2ok 5, =
W HS-8 2= 10079141 NN, Nn 3 mn 35-F-<]
A o] ERlEQlorn, o] 7heH A4 =, PSS A
MAZE AA Y] 81FBLO%)ZE ¢ =2 EHES B
HhH o FH A ] A JHAI7Y 157(15.0%) 3L, PSS
A QAL EE HEL 4FE0%E SN} o)
- Wekth

=3 A FEE PSS F-HAE 3=+ Table 2
9} 2tk ezaME slHR7F 18.0%, PSS A=
40%5 Yeglor, 752 sH 27T 11.8%= el
A5k PSS AMA= HAEA] ol nll-¢- w2 PSS F-3
k9] Hl&S Yeldlth gy, dzgo)as dHE
31.6%, PSS 132%=2 tll-¢- =& H|&9] PSS §-342 B
3l IS & 5 ULk

ShH, PSSE #3l= RYR1 +-3#e] {74132 30
kg =2UH, kg T2YH 2 IFSA P ABA
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Table 1. Distribution of RYR1 genotype determined by PCR-RFLP technique in commercial crossbred population

Broad No. of Genotype* Gene frequency** Predicted frequency of genoype
pigs NN Nn nn P q p2 2pq q2
Crossbred 100 81(81.0)"  15(150) 4(4.0) 0.900 0.100 81.0 180 1.0
‘Genotype determined by PCR-RFLP for the RYRI locus. NN : normal, Nn : heterozygous, nn : mutant
homozygous(PSS)

. p N frequency and q = n frequency
“Numbers in parentheses are the percentage of pigs.
)%—test showed the evidence that the population was in Hardy-Weinberg equilibrium with respect to predicted

frequency(P < 0.05).

Table 2. Distribution of genotype determined by PCR-RFLP within breeds

No. of Genotype* Gene frequency** Predicted frequency of genoype

Breed o O
Pigs NN Nn nn P q p2 2pq q2
L Yorkshir 45 » 8 2 0.87 0.13 76.0 230 1.0

orishire (7807  (180)  (4.0) : : : : :
21 12 5

Landrace 38 (55.3) 316) (132) 0.71 0.29 50.4 412 8.4
Duroc 17 15 2 0 0.94 0.06 838.4 11.2 0.4

(88.2) (11.8)  (0.0)

"Genotype determined by PCR-RFLP for the RYRI locus. NN : normal, Nn : heterozygous, nn : mutant
homozygous(PSS)

p N frequency and q = n frequency

“Numbers in parentheses are the percentage of pigs.

Xtest showed the evidence that the population was in Hardy-Weinberg equilibrium with respect to predicted
frequency(P < 0.05).

Table 3. Least squares means of Ages and average daily gain for RYR1 genotypes in commercial crossbred pigs

Genotypes Age at 30kg(day) Age at 90kg(day) Average daily gain(g)
Normal(NN) 739"+ 1.08 141.7°+ 1.75 875.3*+15.00
Heterozygote(Nn) 753%+121 143.8'+ 1.87 871.2°+ 1627
PSS(nn) 78.0°+1.97 152.7°+£321 796.7°+26.26

a, b : Means in the same row with different superscripts are significantly different(P < 0.05).

S BAS A= Table 37} 2tk U dFSAFAAM FAA fegdol den

RYRI f-AA4&87} 30kg =293, kg =2Ud 2 PSS 7RA|<} Al 7fAIEe] 2ol Qg5 23} 90kg
YA G A LAl 30kg =T} kg =D NN FAH Frelidol UATHP < 0.05). oF
EPYH RYRL 34 2919] A7HANN), slez2 o AE F34s] & uf =)Ao 30kg =LY% ke
G AN 2 PSS A AHAImm) FAAEel  =Ed®E PSS JHAImn) 7 g HANN el Hlate]

d

7} 739, 75.3 & 78.039} 141.7, 143.8 2 15272 Vel oFor =i, dEEAlFdAE AAVNAINN) 7}
om, 30kg TEYHI kg =EUH-2 PSS JlA(mn)7F PSS AAA@n)el] Blste] f-ojHoz =odth
AANANN)el| Hlste] FASA =2 FAIFS BRATL

PSS ZNAIS} AN AZT Zpol= 30kg =Y, W0kg =

L3
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=

PSE&o 2 FHE 1

PSS SAl] WAlRE P EE 9 FREA Yo
o 58414 ol g3tel AgaAL AR EE AT
FEG ESHAE £Ral] osie] JHd 4 A
& AN Aol B Be AL YET e
ES A Geh) sES g5 FHA gE)
go] 2248 2Edxd] o W} waHor F
%_ —_'}]\l_lqi 9;)]\ 7,8,10,16.

PCRRFLP 7] ol&3le] RYRI #4174 Ealulo]

JANA 7} A 2] 815F(8LO%) = w9
: vHE SEHZEA) AL 155
(15.0%)9aL, PSS 7+4=4 QA Q] &3 8] 8-L 45(4.0%)
2 ZEV=r) ofg- voit) ol d AT AE e
ATFALE2] PSSol| B3t A7 Az} n|wsle] B ofk
l;—,_:—,% ¢i]giq7,8,ll,12,13.

7R 9] AFAEL] PSSell B3 AT ATE
AbH R ™ Houde e al* e s =g o], FE 9 g8 3aA
o 3t FARY BEAdx) el 2} 2h2) 27.3%, 3.2%
2 17.9%, PSS7} 747t 1.4%, 1.6% 2 1.9%=2 JERLS
< B3I, Knorr ef al''e German landrace, Pietrain
2 Large whiteollA] SEI27} 242} 53.1%, 1.5% 2 1.8%
A1, PSS/} Z+2F 19.6%, 98.5% 2 00%= R 1ok
F, el v 5P0] Bl eI ¥ F
24 sHlZ 2 PSS/} 27t 38.7%, 18.0% L 4.3%<}
8.1%, 1.6% 2 00%=Z VER}S-S wusga, F =
2 H58 n¥F sliAA slelE7t 21.6%, PSS7E
48%% UERFe-S B st

SHH, RYRL fiztel SAlale] Add 24olA
Christian® 2 RYR1 ¢-#z}ke] PSS 7HAlmn)7} BAHA
AN ETE 9 SA|Fo] "ojzltiar 3190m, Berger
et al*e RYRL 732 9] el AANn)e] 4
At o] FANANNL FAAERY Bt dF5AF
o] ol EAZA fojAo] dFHTn HuHTH

i

A

O'Brien et al”} Leach et al'®e FHZ MANMS &
ARG o] HANANN) O] FAAF R AlsEEo] =
oF FolE 0.05%0 4 BAA Felart gk st
R0, Wittmann et al”’ @} Hanset et al>& 3|2 7))
7V AN AE PSS A3 JiAI BT Wi d3dEAl ol
=g WYk oplEt S48l &S vty Btk
£ A7 495 59| -9} vlwste] BH PSS -
AR WAy v go] A & e & 5 AAe, ol
33 A= SEvet HSES] AibdAo] diRE of
83A, degolx 9 FEO] Il FFE o83 34
FE HAE ALt 7] diiZel ol 3EE] ¥
T PSS A SFNE & 2o|7) A = Ro=
getEch

gukz o 2 PSS 3141 23 &L 5ol w) B2
2olE Hol=t]| £3], Pietrain FollA] PSS {32t &
d RETF A3e] w2 3oz dEA don o]ge
A= go|~Fo] Bl FFol HlF)] diider 2 Ao
2 wasjolq QoS

gdoz o] V&g o8sly U FE=F R YRk <F
EAelA 2ok A PSS FHAF B4 HiXE AEE
o ZM AAY A} 9l PSE E8-0] ulS FylHow
e 4 e Aoz AzZtET
4 EBE
£ A= PCRRFLP 7|H-S o] §3to] = Rtk <F
A A #EE e HSE nPE e
PSS #72 S¥€RIEE ylolsle] PSE =& WS o
AstezA S48 NF 2 352 HRar] ALks $g

71ZAEE Azt s

PSSe] 912lo] =& ryanodine receptor -F-dAFe] T
H7] EAWOIC —T; Arg ~Cys)E E3h= 659%bp 3
oL PCRE FE3H 5 Cfo [ AIFEAR Atz
A% 7HAIe] DNA f328S B8k B
(NN):= 493bps} 166bp 27]2] DNA wHo| A& o
U Eddo] §2E SEFFAR 7FAa Ql= PSS
A4 A @)= 659%bpe] @l W=rto] AEE T
aE)ar o]y AL FAAE MAN)E 659, 493 B
166bp 37 9] W=7} B5F A=) o] Aol o] &%
H S8 2ZF 10057004 223 A7 713.6% R o1
A ZA48 AL 21.6% 18] 3 PSS 754 7HA
o] ZFNSL 48%2 FALECE

H]-5-8 wHE #xe] RYRI F-348 2} 30kg =2
%, kg =2UH 9 dFTAFte] AR st

7] 918 $AHEAelA RYRL m f-4430] NN £4074
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