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Abstract : To analyze the genomic diversity of transmissible gastroenterids virus (TGEV),
the N-terminal half of the spike (S) glycoprotein gene and nonstructural protein gene
(open reading frames 3 and 3-1) were amplified by reverse transcriptase reaction and
polymerase chain reaction (RT-PCR), and analyzed using restricdon fragment length
polymorphism (RFLP) patterns of the amplified DNA. In this study, TGEV Miller (M6)
and Purdue (P115) strains were used as reference strains, and two vaccine strains (MSV and
STC3) and four Korea isolates (P44, VRI-WP, VRI-41, and VRI-48) were analyzed. All
TGEV strains were amplified with three TGEV primer pairs. Although there was some
exception in RFLP analysis, this method differentiated TGEV strains into following groups :
Miller group (M6 and MSV), Purdue group (P115, STC3, P44, VRI-WP, VRI-41, and
VRI-48). Using Sau3Al and Sspl, VRI-48 was differentiated from the Miller and Purdue
type viruses. The RT/PCR in conjuction with RFLP analysis was a rapid and valuable tool
for differentiating several strains of TGEV. This study revealed the occurences of distinct
difference in genome of TGEV strains.
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HAAGEHHY vhol 2] 2(Transmissible gastroenteritis
virus, TGEV)e FE, A1¢ A4} 12|1 253w A4
AEodA & A 5HE e HAAIN AR
(Transmissible gastroenteritis, TGE)¢] €14 o]},

Coronaviridaed) &3 TGEVE TG3EA 22 envelope
E 71 1 9loH, genome single-stranded RNAZ 4
so} Aok TGEV Z4 g4 H4 g 87}9] ujojejx
Eo] mRNA7} A €. TGEVE 3717 F8 729
A, %, spike(S) glycoprotein, integral membrane(M)
glycoprotein 12| I nucleocapsid(N) proteing #5-3k3 9l
=4 o]5& mRNAs 2, 6 283 72H¥ 2 AP}
mRNA 42HE vlo]2{22] membraned] #HPY F2
structural polypeptide’} §44 = 1, ©& mRNAs¢] 35, 2
21 82ZH-E & nonstructural proteino] FAHE HO
A#HA Arh. 250 A S glycoproteind enveloped] 55
%9] EWE7|(peplomers)E HA5te] TGEVY F8 @Y
o A e vlojela FIFAE Fdte AR
geid oV’ 222 S glycoprotein gened] EAH L
TGEVolA AH 1 3 Fd9 4L olsfsted 7}
# 23 HEo|t}. S glycoprotein geneF} M glycoprotein
geneAlojol] £33 open reading frames (ORFs) 3, 3-1
a8 48 HYAolY 233 F2 B-el e R
o2 92jAc. ORF 33} 3-12 encodingd}= RNAs 33
40] 462-nucleotides7} AJ¥ TGEVE] small plaque ¥ 9]
F 2L plque, %2 H U4 282 AAYF T A9

144 5 YehdoH’. mEhA ORFs 3, 3-1, 18} 1 49
¥4& TGEVS W43 2R3 AES o33t
o % 4o goloh.

dA) TGEE o'¥at7] s TGEV A& o] &3t
ded olzid ANSL B3 £ HYGE dAT
Hto]g A28 AlE3t Ut o] & AL Tt Wol K3}
g 3933 e ¥94 TGEV/ 7H $4o¢ YR
}& el Ao Bt 4 AHEH R e HAlo|
TGEd| 9% 98 & Eoled AT X ExdME
A7} 4] (autogenous vaccine)e] E3A < Ao 2 el
A Agsta glE B WolEd Ao RES
o2 WA gig A ARA=Y dHFYEo
BAgY w2 g Agsn g HAd o8 Foj gt

N

fle AN A7HEAY 4F2 TGEV £FE Alo]
o g gAAe) AT A&E GAED AT v
olgl~ FaA Yl 3tH TGEVE 23 & 79 83
ko] EAgE o2 HolAW dFEFAY dg3t
AR ETH WL ol 8¥ ENZEFY Jstd 94,
genome 18] 1 F YAl lolA tdA & dehiz ot
U aez 43HY TGEVHAS fdME o
Aol HEL AAgHe Ao Fa 3

A4 SelveeAe FW TGEV a3 disjA of
eg $4o] o] FoiAA] G it 2HEZE A £
g9 TGEVY A&g £40] o] FojZdd e ¥
AdEE ¢ gla, SHEFE JAFE o] §8 A ¢
Fol AHoR WAFE M & & Ao Aad
g. ol#{E EAL st} & A& polymerase chain
reaction} restricion fragment length polymorphism
(PCR-RFLP)EH & o]&sto| FudM E2ld TGEV
strain®} WA 02 A}835t3 glE TGEV straing] §44

o & AA7) et FHHAT

Mz U Uy

TGEV : TGEVY Millers=(virulent M6)9} Purdues
(attenuated P115)8 EFuto|2| A2 ALB3I{ 1, FEAF
A ot ToolN BPBS THAF (VRIWD, P
44, VRI-41 22|31 VRI-48)% Sl A AHg3tn Qe 3
AlF (STC3% MSV)E A ¥l AHE3IAT o] &2 PCRE
o] &3lo) TGEVE #2138} th. MSV(killed vaccine}Z #| <}
g vho] g A% swine testicular cell(STC) o)A FA A7) o
& Agel A3 Al gL Dulbecco’s modified
Eagle medium& @52 wzt $FHE 3-10% HA 7t
31 FAAE A7t AHEHAT

TGEV RNA F&2} A : vpojej2& ZgAR STC
ZFAEHAE BYE o AXE 99 5UF 9 R
gt ARSHA F2l8 ARG 434S vlo|2 A RNA
%22 9% A8 AHL3ATH RNAE Kwon 597 1
Wl wel &3t e A5 sodium dodecy
sulfate(HF 5= 2%)9} proteinase K (3F5T 250pg/
mhE A Ewi AE o tala 55CAA 58 FAA
7] ¥ acid phenol (pH4.0)3} chloroform/isoamyl! alcohol
(49:1)Z RNAZ %239}t 5% RNAE RNaid kit
(Bio 101)& AM8-3td A ATt sAo2 RNAE
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diethyl-pyrocarbonate(DEPC)Z. 42§ "HEFFFrol
£33 -70Co] B#3HA reverse transcriptase(RT)H:
of o] 43U

Oligonucleotide primers : Oligonucleotide primer®]
H7)1M 4L o] Hyd TGEV ¥r7|ME S F1s HE
Q™. o] primerEL S glycoprotein gene?] N-ter-
minal% 3t ORFs 3¢ 3-18 FEA)7]7] A3k AL
ATHFig 1).

S 3 31 4 M

R

B.

1262 bp
TGEV 5 g

Primers

C.
TGEV Primers
2:5' AAGGAAGGTAAGTTGCTCAS'
3: 5 GGTCCATCAGTTACGCCGAA3'
4 : 5 GTGCCACAGTGTTTTCATTGS'
6 : 5 GCAGTGCCACGAGTCCTATCY
7 : 5' CGAACCTATTGAAAAAGTGC3'
8 :5' ACTACGGGCTCCTGTGAAAAS

Fig 1. Schematic representation of A)the RNA genome of
TGEV Miller strain, showing the location spike (S)
glycoprotein gene, open reading frames 3, 3-1 and 4, and
the N-terminal M glycoprotein gene; B)the location of
primers used in PCR and the sizes of the PCR-amplified
fragments expected from the TGEV; and C) the sequence
of the primers.

Reverse transcriptase(RT) reaction® polymerase
chain reaction(PCR) : RT4g-& §ioA Fxld TGEV
RNA 3~5ul9) 2pl9] 10xPCR€3(500mM KCl,
100mM Tris-HCL, pH 9.0, 1.0% Triton Xx-100), 2pl¢]
10mM dNTPDs, 250ng antisense primer, 40units RNasin
281 1.50¢) 60mM MgCLE o@ thg #F 20 vt
¢4 & DEPCE A e FHTFE tistd du-
ol@ Ful® RTWHEE S8 EFAE 65TAN 108
7F #gA71 F 200units®] Molony murine leukemia
virus RT(GIBCOBRL)E ©§ th& 45T A 15417k ¥t
$A1Zth PCRE 913 RTuHE- ol 8o} 10X PCR &3
ol 250ng¢] sense primer, 3.5p19) 60mM MgCl, 181
2.5units®] Tag DNA polymerase(Promega)E ¢ 3}l 3
Zahgd 1000 FEEFTE ko @3t PCRE

94 o 4] 12%59te] denaturation, 45C A 28-E9te
annealing 131 74CollA 58%¢k9] polymeratong &
cycle2 35 cycles A3t FZE PCR AYEL ethi-
dium bromide & 5 1 % agarose gelol A 4319},

Restriction fragment length polymorphism &£49 :
ZZ9 S glycoprotein gene®} ORFs 3, 18|22 3-1 gened]
PCR A EZ, BE2F2 ALEF MillerF ¢} Purdue79] ¢
ANEE Buzstd AYP APELLES A
. 2319 PCR A E¢} RELP pattern 2% agarose gelo]
A A7198F EA g

g

TGEV S geneZt ORF 3% 3-1 gene®| PCR &% :
TGEV ¥%%F, FUReF, 283 WAF § glycoprotein
gene®] N-terminal regiong TGEV 2/3% 4/6 primer
pairsg ©] 83t} FZG F PCR BHEE 1% agarose gel
ol A7)9Ed A5t 242k 2F1262bpst 1306bpe] bandS:
#1384 9 tHFig 29} 3). 0] 2z} PCR productE-¢] 2
71 1% agarose gelol A FUF 202 Yey F5E re-
giono] 2 deletion® §1E Ao Jepth. TGEV 7/8
primer pairZ 319 o) EFFQ) M6 (1059 bp)E Al
9% th& TGEV strainSL 1% agarose gelol A $3 2
7)(1102 bp)e] PCR productZ AAs}IAcHFig 4). °|5
PCR A 29] identity:= conserved regiong ¢1x|3}e= Al
FEAZ FA3G

Restriction fragment length polymorphism :
TGEV Sy e F et WAFo {44 dFyE 2437
918t FZ¢ PCR product® RFF9] §71ME¢
23 Mda ARELEE APyt TGEV 2/3
primer pairZ ZZA]7] PCR productE Mall 02 ASHAAE
1) TGEVE F typelZ /¥ F A%t AA ype2 M
69} MSV7} &3la FHA yped D115, STC3, VRI-WP, P
44, VRI-41, VRI-480) £3}]th(Fig 2). TGEV 4/6 primer
pair2 ZEA|7] PCR productZ Sau3Alsh Splo 2 A28l
4 ) TGEVE Al ppel 2 BF% A3k A yped
M6S}+ MSV, E5) type D115, STC3, P44, VRI-WP, 181
VRI41, AA) type VRI-480) £31%THEig 3). ORF 3} 3-
1% TGEV 7/8 primer pair2 3-%A|7] PCR productE Accl
o2 AYg A TGEV 2/3 primer pair2 FHAT
PCR productE Mal10.2 328 37} S8t tHFig 4).
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Fig 2. Agarose gel electrophoresis of PCR products of single-stranded cDNA made from RNA extracted several TGEV strains by
the TGEV 2/3 primer pairs(A) and RFLP patterns of the PCR products digested with Mnll(B). Lane 1 = molecular-weight
marker 1kb ladder (GIBCOBRLY); lane 10 = molecular-weight marker made from bacteriophage lambda DNA digested with
Styl; lane 2 = M6; lane 3 = P115; lane 4 = MSV; lane 5 = STC3; lanc 6 = P44; lane 7 = VRI-WP; lane 8 = VRI-41; lane 9 =

VRI-48. Numbers at left and right are molecular-weight markers in kilobase pairs. B

A 1 2 384 56 7 8 910
1 234 56 7 8 910

1 2 34 5 6 7 8 9 10

Fig 3. Agarose gel electrophoresis of PCR products of single-stranded cDNA made from RNA extracted several TGEV strains by
the TGEV 4/6 primer pairs(A) and RFLP patterns of the PCR products digested with Sau3AI(B) and SspI(C). Lane 1 = molec-
ular-weight marker 1kb ladder; lane 10 = molecular-weight marker made from bacteriophage lambda DNA digested with Styl;
lane 2 = M6; lane 3 = P115; lane 4 = MSV; lane 5 = STC3; lane 6 = P44; lane 7 = VRI-WP; lanc 8 = VRI-41; lanec 9 = VRI-
48. Numbers at left and right are molecular-weight markers in kilobase pairs.

- 630 -



A
1 2 3 4 5 6 7 8 9 |0

B
i 2 3 4 5 6 7 8 9

Fig 4. Agarose gel electrophoresis of PCR products of single-stranded cDNA made from RNA extracted several TGEV strains by
the TGEV 7/8 primer pairs(A) and RFLP patterns of the PCR products digested with AccI(B). Lane 1 = molecular-weight
marker 1kb ladder; lane 10 = molecular-weight marker made from bacteriophage lambda DNA digested with Styl; lane 2 = M6;
lane 3 = P115; lane 4 = MSV; lane 5 = STC3; lane 6 = P44; lane 7 = VRI-WP; lane 8 = VRI-41; lane 9 = VRI-48. Numbers at

left and right are molecular-weight markers in kilobase pairs.

o &

PCR#} RFLPE4-& o] &3+ genome mappingS ©]-&
3t} TGEVY] § glycoprotein gene¥} nonstructural protein
gened| 44 dFAE BAsg o] A7 TGEV
strain Abo]o| hFe A FABA7} U2E AT

t}. o] & genome mappingS TGEVY EA L 71 3}7)
A wan A8 5 e PHog 9AZAT

SAY7 1ML SolHoz AFY 4 9 primerg o]
&3 PCRYL PCRAYFES] A7)0 s ZZ¢ DNAY

of £A43}= insertiond} deletiong ZHH0E HAEY 4
AT, o] A#eM o] TGEV straing] S glycoprotein
gene®| N-terminal regin A 9] $Y% 2719 PCR pro-
ductE YeRAT. o] AL o] A% A&7 TGEV strain
o FEd AFoE 1% agarose gl A A58 5 L A
%9 deletion £ insertiono] $1&-& UElYL) ¥32:F 2
AHE% Millerst P115 strain®] G7|ME £A4o ojshd
Miller strain § glycoprotein gene¥} nonstructural protein
gene® ORF 3-1Aoo] F 9] Aokt deletono] o] P
115¢] EA)8H= 45 nudeotides7} Ao} o™, 12
o2 Millers} P115 strain® PCR product?] Z7]of <]}
A TEE F Aot ]2 VIE R o] AP AT

TGEV ol &5} S
due type &2 v}epyte}.
PCR3} &7 RFLPRAHE o]&3to] TGEV straing
o7 typeo 2 BF& = 9ch. TGEV 2/3 primer pair
2 FZH regiond TGEV strain 7o) gr|Xgel & B
59 Ao By 28y TGEV 7/8 primer pair
o 9|& PCR productE 7122 §-& o Purdue typeo
2 EFHUAYD MSVE Mnllo) 9J3te] Miller type2 2 &
FHAS. TGEV 4/6 primer pairg ©|§3te] A4H
PCR product®] #4& TGEV strain7to] &A# thapA
o] A5E& RAFT). o] 9L antigenic site A 9 DS
23stn QoS A siteo] EA 3= F38) epitope= TGEV
strainel 4] & BEE] 2 Ao deiA AW AL
4 Sau3Alz} Sspl& o] 839 & w TGEV straing A type
22 EFE & AU SaudAlz Splo] ofste] MSVi
Miller type2 8 FFEUL okl R8T VRI4BE A9
Ueia] TGEVE Purdue type® 2 EF5 0} VRI48L &
He types FAHY =Y Sm3Alo] 2§ recognition siteE
A QA sk Ssplof 2l% recognition sitex> Purdue
typedl] &8t T2 TGEV strain¥ o} Bgitd. o2 £
et FF AFALE AHE T RELPE o)) g7
Qo] 2ol olFoAY of wolze AU HE
strain?}o] AHAA 5& 45 A& Aoz AgEY. ®

2 ERAUE W EF Dur
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A UGN EE TGEVY F44 gddd #8 4u
A2 Aeg ¥th TGEV straing] 393 Wojd|
AstE epitoper F 8 neutralization domain2] <] 37
g o]EE F35d0] g FAS FESHPL.
Y o2 SaudAls} Sspl9] recognition site= 33} ep-
itopeE FA3he=d F88HA ¥AY F3hepitopeE FA
3 47190l g8k Aoz BT 1y ol d 2
#E2 TGEV staink Oh¥d YL dehle 22
coronavirus$] avian infectious bronchitis virus =9 ¥ 3}
= ol A 42 62 RNA genome?] nucleotided] ¥
87} dojutn Y 2o dAAY. TGEV 7/8 prim-
er pairE. ZZ% PCR product®] RFLP £ 9J5}H o]
Ao A4 TGEV strain®] nonstructural protein re-
giong & HEHo & Aoz BT YAFU MSVE
PCR product®] sized]] 2]ajA Purdue type 2.2 2FHY
A AFE A Accld] 2siM Miller typeoZ 2FHY
t}. Z12y MSV RELP E4jo)A Purdue typed)r| 24
e gu3 band7t BFHIT oA AHe AHEE
MSVUel Accl®] recognition siteE 2zt virus7} & &
Agti e Aol e olf7t E & A Aol

B 2§43 PCR3} RFLPH-& o]43 genome map-
pings] 9|3t} TGEVe] tigt §44 wol7t dojuya
dfol WA gog o] WYE o] &dte] Frl B
9 TGEV FUY e F& £AGTH Fddols {44
A AL Fo AN BHEF U Ao AlgdH

Mooy ook

4 £

TGEV Zuj&a)Fe MAF] S glycoprotein gene}
nonstructural protein gene] 3% ThY¥AS& PCRY
RELPYE o|&3e] ¥Aaign. 4de) $A% TGEV
FUE T WAFE HFFY primer pairZ ZF FF
Heich #Z9 PCR productE AFFAZ AYPS o
TGEV straing 7|22 0.2 Miller(Miller9} MSV)$} Pur-
due type(P115, STC3, P44, VRI-WP, VRI-41, 12|31
VRI-48)c2 BEF# ¢+ A2y, TGEV 6/4 primer
pairZ %Z3g PCR productZ Sau3Als} Ssplo2 223}
42 o FUEeF VRI-48L S yped AN
. o]Z& Fujolq E2l=E TGEV straine) T3
ARWel7t dojutz UgS BAFHT o APM A
43 TGEV strain®] nonstructural protein gene 2 BE

Hol & AOE Yyttt
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