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Detection of Porcine Stress Syndrome from Genomic DNA of Hair Follicle
by PCR-RFLP in Breeding Pig

Kim, G. W.", J. W. Kim, J. Y. Yoo and H. Y. Park
Dept. of Animal Husbandry, College of Animal Husbandry, Konkuk University.

ABSTRACT

This study was carried out to investigate PSS (Porcine Stress Syndrome) with the PSE (Pale, Soft, Exudative) in 319
different pigs(Yorkshire 150; Landrace 89 and Duroc 80). The PCR-RFLP method was adapted to detect the ryanodine
receptor (RYR 1) gene mutation and to estimate the genotype frequency of the RYRI gene in breeding pig population. The
DNA samples were collected from hair follicles of pigs of Yorkshire, Landrace and Duroc. After DNA amplification by PCR,
the PCR products were digested by restriction enzyme, Cfo [. Primary PCR products of ryanodine receptor gene were length
of 659 bp in hair follicle and their second PCR products were length of 522 bp in hair follicle. The exon region (522 bp)
including point mutation (C—T; Arg—Cys) in the porcine ryanodine receptor gene, which is a causal mutation for PSS, was
digested with Cfo [ restriction enzyme. The RYRI gene was classifed into three genotypes by agarose gel electrophoresis.
The normal homozygous (NN) individuals showed two DNA fragments consisted of 439 and 83 bp. The mutant homozygous
(nn) individuals showed only one DNA fragment 522 bp. In addition, all three fragments (522, 439 and 83 bp) were showed
in heterozygous (Nn) carrier animals. The normal homozygous (NN), heterozygous (Nn) and mutant homozygous (nn) were
98.00, 2.00 and 0.00% in Yorkshire pigs, 87.64, 11.24 and 1.12% in Landrace, 100.00, 0.00 and 0.00% in Duroc, respectively.
The gene frequencies of N and n were 0.990 and 0.010 in Yorkshire pigs, 0.933 and 0.067 in Landrace, 1.000 and 0.000
in Duroc, respectively.
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(Webb3} Jordan, 1978 ; Simpson 3} Webb, 1989)2- A}-8-3}
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19900 So]A] A E8Fe] W o] ojg] DNA G
A f2] Gl o) AgauR e, Al 2E s
ZF7 S QB0 we g2 FIAE W,
ol 7MY F 1843 A TLHr] Bl o 615
W] ofn]i=Ako] arginineo] cysteinQ. 2 W 3lE o] IT}SHA
AAE Bt oa ZHAEW ] pHe HlAA HH, ©]
g3t 2ae O AFAS st AFAHAANeH(Fill
5, 1990; Fujii 5, 1991; Harbitz 5, 1992; Hughes &, 1992;
Vogeli 5, 1994), o]2{g ©d |47 Ed¥olE Aol A
3 & 71X &1 FAAE F4E 4+ = PCR-RFLP
(polymerase chain reaction-restriction fragments length polymor-
phismyeh= Wio] gled, o8 ~Ed A e HAE
TasE faAe) TAGNL Akl B A B
(HH), o) ZAFAHh), 28] SAFIRFEA, = 2
244 AAGhZ Ui e dwAo R oot &
Ao DNAZ 231 218 4 2ol 22g Eo) 73
7| DNAZ o] 4388 & AIA FATKFjii 5, 191, &,
2002). i) 2Ed X 3T FAA oigh e Z(Hh)<]
AR EL 15~20%, A THEATAE 1.5~2% B = A
=31 QITHE, 2002). & 29] PCR-RFLP 7]'H & o|-&stq
HAgol B pdE TReel HYES A7E 23
EdWo] sR(hh)y= 0.2%, SEl2Hh)E 12%, - HHH)E
e 87.8%c|AE, A 2EHX TFF FFH LA
HEE 209 A9 58 EFAINE BYE 95.7%, o] 3
A B2 43%F JERon, 83X FF9 A AR
E 804%, o|FHEA & 18.0% IAH BEAEA €L
L6%E vetylon, d=dgo|x F52 A5 BEE 53.2%,
Ol HATA EL 38.7% EA FHATAH EL 81%E B
Hedo|2FdA 7Y 24 vEikth EnstHio(y 5,
1997).
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2. DNA extraction

ANFH F 4ToNA BaE S 100% ethanolol] 23] 4|3
3 T SR 18] AHE Ao B BE A
3t Al DNA F289(10 mM Tris-HC, pH 7.5, 100 mM
NaCl, 5 mM EDTA, 39 mM DTT, 200ul/mL Proteinase K,
2.0% SDS)Z(Uchiti %, 1992 ; Richards 5, 1993) ¢ 1070¢]
B2 7 AlE DNA FF89 500 pl& A7 F 56TollA
18A]17F E<t digestion 31t} o] F F2] phenol/chloroform
1DE A7he & A5 AFagon, A58 5
2.54) 23] 100% ethanol®} 1/108] -] 3M sodium
acetate, pH 4.59F 338l 31, -70ColA 2413t o) A RIA]
71 % 12,000 rppmeil A 3023t YA EE]E AA8HA pellet &
go] AAENE Wr|n O EFAES AA & F 10%
ethanol®} &3}H3H 3£ 12,000 rpmol|A] 5E-71
AE DNAZ 3|3, 20 9] 33 SR £t &30
AlZl F PCR ZZ AIAA] -70TelA Baei
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3. Primer HZ

222 ¥3sle 2ioA F&3 Als DNAE A8t
RYR 1 #3ze] AHE SZ317] 93 Zejo|nje] H7]A
¥ 43& RYR | fAzle] Ed¥0l7l HX]§ cDNA9
184315 &7)(Gene Bank accession number : 164647, 1769446,
164645)7} EFEL NS A2 TEE F U=RS
A AT o8t primer-& A 13} PCRS] primary PCR
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Table 1. Primer pairs sequence of ryanodine receptor gene

Name of primer Sequences Size of products
Primary PCR 659bp
P-1 5-TCCAGTTTGCCACAGGTCCTACCA-3'
P3 5'-ATTCACCGGAGTGGAGTCTCTGAG-3'
Nested PCR 522bp
P-4 5'-CATGTATGGACAACATCCACCT-3'
P-5 5-CTGGTGACATAGTTGATGAGGT-3’
22950 AFSE Zejololi= Table 1914 ehd ulsh 2 & BAES) RYRI §AAeh vlmA] 184385 4717} 4
& Fx2 HolglE Vogeli E(1994)0] B33l Zalo|n & M ARASZ EAGCGO)SH AEHAZFT T
833 0, nested PCROA A28 Zalolms $42000) A5 4ol oF Erde®m X3 o(GTGC) A
9} 8(2003)0] A}E-3Hd} QUi primer} O E o] EE7F I B4 Cfol HElA] 75}’“'5-4 RYR | f#2} Zé_-li o ]6}}'{{}_
I

£ Az A 9ol 9717t 2SR R
5, 191) GG S e BYS Ayl A}gaisch

4. RYR1 RHxt E3ZS ¢
RYRI §-37}e] PCR ZE
t}. GeneAmp PCR System 9700 (Perkm-E]mer Cetus, Foster
City, Clifornia, US.A)& ©]83te] AHA|8ISIt}h & primary
PCR2] 749 ¥k2oH O (5 pf tubec]] template DNA, primer

P13} P-32 22} 2.0 4, dNTPs 2.0 4f, MgCl, HZ%%
1.5 mM2 2854, 10 X buffer(Mg"™ free) 2.5 :194
Taq DNA polymerase 1.25 unitsE 7}l PCR wH3--&
ZF 2512 ZA8FATE PCR cycle denaturation 94CollA] 1
., annealing 59Col|A] 18, extensionol| A 72T 1837+2] cycle
S & 353) ¥R U2 upR|R o & polymeriztion 72T oA
383t 7183ta DNA S33 & SR

Nested PCR2 wF2-8 0.5 nf tubed] template DNAES
primary PCR 2+ 2.0 (&8 A}2-3+9 31, primer P43} P-5&
At g-3la] PCR ¥-SB-& # 25 w2 ZA3l3, PCR cycled
denaturation 94 C o] A] 1%, annealing 47 C 9l 4] 30%,
oA 72T 187H9) cycleS & 303) ¥HE3gl U} mix|gto 2
polymeriztion 72°Col|A] 387t 7193l DNA ZZHH L =
35

extension

5. Mgtga XMl ¥ MIIYES

ZZ¥ RYRI 32k Ede] HAME i8] GCGCe
GG S AR sl AFEA Clo [(Promega, WI, USA)S
AFESGTE RYR | $8710] Qo] AEdAZ%Z SA7

A gHE Aol 4511 O]X]EW EEH @"PQ?‘] =g

Cfo I A|3+&A He)i= PCR ZZAE 15 4, Clo | HA
5 units, BSA 5 mgS £33 T 37CoA] 6417 AL
o, AdEE Xl F PCR TF4HE 4 woll dlDshe 4e
A7A % starh

PCR FEHE-S golslr] 93le] 1.5% agarose gel2 ©]
L3l Rl e, Ar|d% ¥ TAE buffer(4d0 mM
Tris-acetate, 1.0 mM EDTA)E AF8-3l99 o™, Clo I A& A
2] & RFLP AALE 93t A= 2.0% agarose geld| A A
NYEE A, WGEL AAE F UVAIA
FAAE ] HALE AASATE ¢ FEAET A gEA
e & ARE9 AVE 23] Ysle] size marker2A]
1 kb DNA ladder®} 100 bp ladder(MBI Fermentas Inc., NY,
US.AE A3l

|
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Fig. 1. Primary PCR products of RYR1 from hair follicles of
breeding pigs with specific primer P-1, P-3 by 1.5%
agarose gel electrophoresis in breeding pigs (M: 100
bp ladder).
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PSS A5 23l RYRI gened] © 7| Edwo] &
22 35} primer(P-1, P-3)& o] 28}] PCR ZZ-8 414
gk primary PCR 5-ZAH2o] A Fig 1914 A48 upe}
pd 3

m

Fig. 194 Ho|&= A3} 2o prlmary PCR ZZXALE-L 659
bpe] T W= FZEHIYSE EAY F Utk ojeT
Z—%P%% Table 19)|A ¥ & primer(P-1, P-3)8 E3}c] o Atd
RYRI 729 FAA}E SEHUASE #Ast] T2 3
281} primary PCRE 538 g+ Z 3, primary PCR $%¢] &
&730] Yol FFo] I o]FoJR|R] YL Ao AlEFH T
Primary PCR F%9] &x|8-& sl4d3l7] ¢85t primary
PCR ZZ2HE-§ 7}A) 1 nested PCRE 4813} A3} nested
PCR ZZ4LEo] A3l Fig 29} Zt} 2 Fig 204 Role=
A7} 7+o) nested PCRE] SZAME-2- ok 522 ppo] ¢ wi=
2 FZHUS g1 + Uen, o|23 AF= Table

]

Fig. 2. Nested PCR products of RYRI1 from hair follicles of
breeding pigs with specific primer P-4, P-5 by 1.5%
agarose gel electrophoresis in breeding pigs (M: 1kb
ladder).

M NN Nnonan NN NN NN NN NN NN NN

Fig. 3. Banding patterns of RYR1 DNA digested with Cfo I
by 2.0% agarose gel electrophoresis in breeding pigs
(M: 100bp ladder, NN: normal type, Nn: hetero-

zygous type, nn: recessive homozygous type).

194 Boj& primer(P-4, P-5) E&lo] oAkEl RYRI gene

F&9 37 SEHASS EAA F1 ok =3
primary PCR 34123} 0] w3k nested PCRO] =% 4
& PSS HAG 9% FES o] AHEe] TEA AL &

& 5 U
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2. HgtgAs M2l 218t PSS |HAL HM

A BHE A Clo I Akl 7lAe] RYR 1 S-H=e] Si=
AE A Bt AA|7|v] oluf Cfo | A|FEAT} AR 8l
9 & GCGCEH 2o 2% DNAS| PCR £3F ¢H
S 7K 2 Clo 1 A& AZ digest stodF AT Fig, 30| A]
A A vhe} 2

Bl M F£3 Al DNAS F8 0 2 primer P-43%4 P-5
o] ZEAES A AL Clo 122 A]d A= Fig, 304
9} go] HAES] 7= AFa A 95} Q1A =]o] RYR |
FHRLe] SEAHE0] A o] 439 bp, 83 bpe] HHo] FA
%™ PSS #A}E< heterozygote2] 739 522 bp, 439 bp, 83
bpe] Al FFe] Ao] P, PSS =9 &= Cfo 19
ol Q1A %]A] gko} 522 bpe] PCR 4HE©] veRdTh

i)

3. RYR1 RHUAIH3 R 2E
g 2aAle] S FEAT A% 2Al9 K FEFAA AL
£S5 71 9)%= Yorkshire % 150%, Landrace % 895, Duroc &
80F9] & 3195F9 £E E2dA] 53 A5 DNAZE 33
o 23] B Aol A3 23 a A dAHure 2 Cfo 1
AEaA e F 1719573 A RYRI #9]9] Ay 2
32 &Y WS A8 dal= Table 29} 2
Table 20| B vpe} Zho] F3 i glo] 3195 vl
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Table 2. Distributions of RYR1 genotypes determined by PCR-RFLP technique in 319 breeding pigs (Yorkshire 150; Landrace

89 and Duroc 80)

Genotype .
Genotype* Gene frequency Predicted frequency of genotype
frequency
NN 95.61 5 09536
p .
(305) N 0.9765
N 08 2 0.0459
n X
(13) .
0.31
o n 0.0235 ¢ 0.0005
(D
100
Total - 1.0000 - 1.0000

(319)

* NN: normal, Nn: heterozygous, nn: mutant homozygous (PSS).

( ): Number of pigs.

oz Mg Avke A AANN), sl 2 ZHxNn) 2 2
574 MAmn) 3FFS FEAE] SjAHUAT FA A
L AA) 319% FoA] 3052 95.6%S B w]$ =4
3 3ttt #HE AANnE 135E 41%E 2 v
o, Zd4 AMAmn)E 17 T 03%2] vl @ 9|
2 et o8’ dabs ulollA 8 5(1997)0] FE
W glo] AR 9 ¥]&L 76.7%, |2 R 2T &
20.4%, PSS six]2] 28 u]&o| 2.9%c|etn BRi3r Ax}
3 52002)0] & A 81%, 3HE =X] 28 Bl& 15%,
PSS 2] &3 B]& 4%E B33 ARt SHE =R
o PSS =R} i @A velgeh oElm fFelA
OBrien 54(1993)0] A4} =jx)2] &3 H]&o| 80.97%2t1 B
13 AFAEGE FA4 e
WP A2 T F3REAR] N 44 097659 %2
Nz 2 Yepd v, PSS #jA)o] By A ARl n 54
M= 002352 o)$- e v &g P o2 A=
Hl £(1997)0] H4 §Ax7) 0.8692] WIEF VERL T, PSS
FAR7E0.1319] RI=2 Yepgtia B udk Azbe) vha &}
o]2 H9lom, OBrien $(1993)0] RE EZo|A 0.101<]
HlgE2 Jegtin Badt 24X 9w golstitt. ol g
zlole FARoR 4% FAHAE ey oz Agst
o E4%1 PSSHIAE A&H o2 TeAZ] A 7|ds}
t 7oz Algdh
HRe] FFE PSS £H &S A ET Table 304 HE
ule} 7t} Yorkshire® 15004 4 ANN)E 98.00
%(147%), #E|Z ANDE 2.00%3F)gou, PSS 7

L£orlo 1

4 MAmn)= A8 SEEA] ¥kt LandraceFoll A G4
AANN)E 87.64%(785F), SEIZ 7HANn)= 11.24%(105F)
7} 243t o, PSS 2 A A(n)E 1.12%(15)7 28
sl ch 18] 22 Durocoll A= S| Z 7| A(Nn)} PSS 24
3 MA(mn) 25 Ed3HA] @tk

olglgt A= FfollA] vt 5(1997)0] A=golx, tha
M 2 F2d|4 Fg 27t Z42 38.7, 18.0 2 4.3%, PSS7}
247} 8.1, 1.6 2 0.0%E Eu3t A3}H}E Yorkshire 2
LandraceZo| A& ¥ ¥ E By o, DurocEe] PSS &
HulsE 2 Ajel U3 0.00%2 2k fj=elA
Houde 5(1993)°] A=go]x, FE 3 tja=aMol tidt &
AAE EAZ2 e 27F 42 273, 32 B 17.9%°]0 3,
wE PSSy} 242 1.4, 1.6 2 1.9%=Z Bug AFrc} 9
Vel dukdo g PSS fizte) 2382 £5o wel
2o zlo]Z Holul, 1% 53 PietrainZ o)A PSS f-14
o] AN ET} AEs] 24 vehde 3o BauE, o
9le] FFo|A= LandraceFo|A] B} EFol vlgte] FiA
o2 =4 PSS 127} 24 st o2 Haun oy
+=Hdl(Houde 5, 1993; ¥} &, 1997), oj& & AT+ZA A o}
2 FZdA Bt} LandraceZolA] &2 2 PSS 7]} H)
nA A Y fARE 23E RS

PCR-RFLP¥H o 2 2435 AE EUlE {dxE &4
vyl 238 Avhoa Hardy-Weinberg equilibrium’d
o Tedlerte] 9RE AR AREF 191 JH
K P=5 % gk 3840122 A y° Fholl 7123 P 3%
5% olatrt €t whebx] A9 FHAE ASXE 4

2 £

3 e
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Table 3. Distributions of genotype determined by PCR-RFLP within breeds and

Hardy-Weinberg equilibrium

=9o] 22 Genomic DNAS

o] &3} ~E# A

statistical test for goodness of fitness by

Yorkshire Landrace Duroc
Genotype
Observed No. Expected No. Observed No. Expected No. Observed No. Expected No.
NN 147 147.01 78 77.41 80 80.00
(98.00) (87.64) (100.00)
N 3 2.97 10 11.19 0 0.00
n
( 2.00) (11.24) ( 0.00)
0 0.02 1 0.40 0 0.00
nn
( 0.00) ( 1.12) ( 0.00)
150 150.00 89 89.00 80 80.00
Total
(100.00) (100.00) (100.00)
, 0.020™ 0.807" 0.000™
% “-values
(df=1) df=1) df=1)
Probabilities 0.75 < p <090 0.25 < p <0.50 p <090

™ = Non-significant (p>0.05).

() : Number of in parentheses are the percentage of pigs.

g 719t felAddol gle Ao Yeh), Hardy-Weinberg
HA T A8l F-44 YL o] Fa UeS BAFATh
ol2ld A= 90 dd] L o] F PSSHiA| 9] -8 A

o] A=l 7l o] F PSSHIx] 9] e Zej(Ad)r} o] Fo
Z PSS FAAE BA3 A7) Azl FIEU7] W2 A
o2 Algdch

ojde] ARE FPIAHH, BS o] 83 PSS A4 v
Moz ¥} 23| FEZA PSS FAJNAE B3
A g GA ZAste 27 FEFEANATEH S A
< slo PSS #-HQIAE Zof PSE E829] AYAkS a9tz o
2 dqurgoz A grte] 25 g E AN S 7
g & d& Ao Alg"th

N.2 <%

£ ATE 31959 A2 & FFoA PSESS Akt
& PSS H%] 2N TS 2AF5MH T Yorkshire 150; Landrace
89 and Duroc 80). PCR-RFLPYH < o] &3l #x|e] na&
DNA sample2 A}-2-35ld, PCRE SZE A= Cfo I A
3 A2 AUl EEd 2A)5le ryanodine receptor
RYR 1) EAH0] F12e] EPREE AV AAE 29F

st ohad 2t

TZoA &% DNAE F8 o2 3 Primary PCRS 4
%+ 7} ryanodine receptor -+ A} 3 659bpe] SEAE-S

A o™, second PCRE F883F Aol A= 522 bpe] =F
AFE-S At o] FE4HE-S porcine ryanodine receptor -
1] exon 9 = PSSE FU3l= point mutation(C—T;
Arg—Cys) B-5-& ¥35l1 9lov 2 Cfo I #|gHako 93]
A4 & 9\10131 agarose gel A 71G B ¢5t] A 7kx|9]
FAAE o2 FFE 5 Utk 4 homotype(NN)-2 -+ 7l
©] DNA band(439, 83bp)= El}H, G4 homotype(nn)-&
552 bpe] ©d WHEE EFHEPCE 1E]a Al Aje] WE(522,
439 18] 31, 83 bp)E heterotype(Nn)2] A4 X2 FHH
t}. YorkshireFoll A& =<7} 98.00%2 el oH,
hetero EX1= 2.00% 18]35, PSSEiAl= &3 3Hx] &gdch
Landrace Six|oME FAHAI7L 87.64%2 UENGOH,
hetero 2] 2} PSSEIR| 7} 242} 11.248) 1.12%E Vel ot
DurocFol|l A& A d=lANN)Tto] EdtAth tiE 34
Bl S = Yorkshire®2 A4 N-d=17} 0.9909] vlg2 el
won, 44 n §FxR= 00109 v¥l&E Z¥sgon,
Landrace Zoj A& Nf-H A} n§-A =7 zHzt 09333 0.067
of MEZ 2WeHLon], DuocEel A N S2te] Ws7}
1.0009] ¥I=2 e, nfAAe] = 0.0009] Y%
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2 Yehth 355 HY ZFoA] Hardy-Weinberg 2] 7}
dAt] FH4 BHL o173 YATh
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