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Molecular biological characterization of transmissible gastroenteritis
viruses isolated in Korea
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Abstract : Sixteen Korean field transmissible gastroenteritis viruses (TGEVs) were isolated
using swine testicular cell (STC) and the genomic diversity of them was analyzed. All TGEV
isolates produced a typical cytopathic effect in STC and were confirmed as TGEV by
immunofluorescence assay using monoclonal antibody against TGEV and PCR using TGEV
specific primers. RNAs from TGEV field isolates and vaccine TGEV were extracted and
amplified by RT and PCR. The RT-PCR products were digested with selected restriction
enzymes and analyzed RFLP patterns. The N-terminal end region of S gene and ORF 3 and 3-1
genes of TGEV amplified by TGEV specific primer pairs seemed to be conserved. Most specific
variations were detected in S gene amplified by TGEV 4/6 primer pairs which includes antigenic
sites A and D. When the PCR products were treated with Sau3Al and Ssp I, Bvac(vaccine strain),
field isolates 133 and 347 were differentiated from Miller and Purdue types. In the case of D5
field isolates, it was classified into Purdue type by Sau 3AI but classified into independent
TGEV by Sspl. Two different TGEV strains from D2 sample were confirmed by plaque
purification and RT-PCR-RFLP analysis. To investigate the change occurring in TGEV genome
after serial passage, the TGEV P44 strain was passaged through STC. There were specific
changes in S gene and a large deletion was observed in ORF 3 and 3-1 genes. These studies

showed that a distinct difference in genome exists among TGEV field isolates.

Key words : TGEV, RT/PCR/RFLP, spike glycoprotein gene, ORF 3 & 3-1.
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M E

H2 A 489G vho] 8 2(Transmissible gastroenteritis
virus, TGEVYE TE, A8 AAF 28 11 238 v]uke] Al
ARENH & HAHEE SALR & HA 94
Y24 (TGE)S] YA o)t}

Corongviridae o] 431 TGEVE Uy e|4 2.2 envelope
£ 7} 3 9lem, genome single-stranded RNAZ +4
=0} 9ltk. TGEV F4HA A HAE 8719 violg|&
E o] mRNA7} A9tk TGEVE 3714 F4 124
A Z, spike(S) glycoprotein, integral membrane(M) glyco-
protein 28] 1 nucleocapsid(N) proteing 358} lEdl
o] mRNAs 2, 6 18lx 72328 ztzt §AEG.
mRNA 42 HE uvlo]g} A9 membraned) FHE L&
structural polypeptide”} §t41 5] 1, o+ 2 mRNAs?l 3,5 1
2] 82 5 E| & nonstructural proteino] YA HE RO
d# A Yt 2 S A S glycoprotein envelopedl] <%
28 FWHE(peplomers)s A3t TGEVY F8
Hog e g d2 g vpolg A FHYAE TR
Aoz dddA b, 18 B & S glycoprotein gene?)
$4¢ TOEVA Q353 9l 399 Gae ol
st=d 743 83 ERolth S glycoprotein gened}t M
glycoprotein gene Alolo] &3} open reading frame
(ORFs) 3, 3-1 28] 2 45 WA oy 233 P&
#do) g Aoz gAY

#A TGEE of#3}7] el A&+ TGEV HA &2
£¥83 v H949¢ AT voldAE AMRE
Arh. o] & WAL ThFE HolaHE HAF 1 e
B 494 TGEVZL 7H $58 B9 a3E dehle 22
Z Hth dA) AFEE I gE WAlo] TGEY o ¢ 3
g Zolud AFA 53 eddAE AtHAe] &
#49 Aoz et ojdA ARgm gt Bl
g3t wolanyt gl EFA AN AT
TGEV ¥&FE Atolol| thfdh g o] EAsL YT
At k. wholelx FEAFe et TGEV
o2 & F79 APV TAE Ao LA
AA T FEEGAY G BAYE LA BYE o]
g BNl oJstd g4, genome 221 H A4
SloiA thokg & vehiz gt agez 4
TGEV ¥ & HaiA e o2 @ Zo|HE

p=Nge]
2T

KR
2
“
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F49
Qx4 3z

o
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o] FHtE FR3h

A Szt e BAE 3 QA% TGEVe] ¢
3 g e A% Frhstx o 28y 39 TGEV &3
Foll didiMe olzdt BAo] XEH o2 o] o
T QY. ada R YAE 9 &3
ath. 2822 FUoiy EEHE TGEVY HEg &
Ao o]RoA T}y ZulE WANENE & 4 U3, T
2YUFE YAFZ AL BS Fo ez Wy
FE AYE £ & Ao Asd ol BHE
Yt B AFNAE ofY] FPHESZHEE TGEVE #
2t A, FelE vho]2] 29 gened PCRYLE FEA
7) th&, RFLP ¥ 0. 2 £ 81t}

Mz A uy

TGEVY &2| ¥ 2t : TGEVY MillerF(Virulent M
6), PurdueF(attenuated P115)9} Zj& 259 P44 strain
& EEubole 22 AT ofF Hioj22E HA
2 3 A| X (swine testicular cell, STC)Z o] &38to] F2] A1
g Aeo] Al &ET A X2 Dulbecco's mod-
ified Eagle's medium (DMEM)2 A dE Ao el $€A
& 3~10% SA 7t3tn FAAE At AHEs AT
TGEV o} E2]F& TGEZ JAHE HA23E o0&
3 2o goz R TGER J4l=E A9
2%& volga EHARR AMESg e, Hlolgx
2ol gFgAY o2 TGEVE &3 Ath &% &
0.05M PBS(pH 74)0] 10% $A 2 HE b 10,000pm
oA 10859 YA R A2 YL 0.22um filter2
A4 F, g g upog 2% H7t3 70Tl
B

STCE o] &3 TGEV Rea4& aofsd Fu ¢
2% APdE JF3r] Hd @Fo] FAHE STCE
diethyl-aminoethyldextran(DEAE-DEXTRAN, 50pg/ml)o] 2
7td DMEMo 2 AH2g F, 2% A# Y 1mlE HF3t
Aok HEF 6083 3TN FAAY F 3% 2HA
3 #4471 d7t€ DMEME d&git. 3F8 STC:
37T A 48AJZHEQE i A Al A X ¥ A (cytopathic ef-
fect, CPE) 9 #-& #&3Ach. CPE o F-o) #Ao}
FH BE STCe 48A17+F Al Ao 5UF 1,500mpm
ol M AAE G T 4F AL Aol o] 33T

2E TGEV £3F+ AW plaque purification & {t}.

2 49
Fal- 1N
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Plaque purification® £ F2 ]88} stock vinisE &
H3t 43, 70T Bast Age AH AT o] & £

Z¥ PCR#} 2P S 3 FAY o2 TCEVE FA3ATh

THEF P4 At e B HolE 4
H17) $43ta STCAAM AdF& 2R

indirect immunofiuorescence assay : TGEVZE. 9415
e o] AE @d3ulgd STCH HE3A, 1243 H)
%F§ F 4T acetoneo] 5~10%3+ 1AL, FHTS
PBS(pH 72)2 AARAE A F AZE A2N3T
Azd AXE T §& HY7oA FEWtL ¢4
bl 2L TGEV G2 EFAHE T8 =X
3 3087 ¥ A7) O PBS(pH 8.5)2 587+ Al F 8 A
t}. 2% anti- mouse IgG FITC conjugate(Sigma)E 1:64%
Mste 223 SEF F 37T F& Fr]oA 308
7F w2 A7 31, PBS(pH 7.2)E 33 AA 3 Th-& glycerin
buffer2 coverglass® €& & d A4 (Carl Zeiss, West
Germany)2. 2 #3315 th

TGEV RNAZZ 1} HH : vle]eixg ZgAl STC
b AZEAL Y o AXE AW 4T 59% 1,
500rpmol A QAR AT AREA EB AES
A2l g upoj2 2 RNA 32 & A¢ AR AHEYH
A Agat AHEEa 9le 94lel Dvacst Bvac
STCAA FAglo] WAL RE 23 RNAE 2314
t}. RNAE Kwon et al 9] Wo) mgt &85 2
th3 A3l sodium dodecyl sulfate(HEF= 2%)%
proteinase K(H %% & 250pg/m)E A X uj} 45 4ol o
B3 55CoM 5B FAA 2 F, acid phenol(pH 4.0)3%
chloroform/isoamyl alcohol(49: )2 F% &9t &4
RNA¥ RNaid kit (Bio 101)2 AH&3te] H AT kAl
ot o @ RNAL diethyl-pyrocarbonate(DEPC)Z. A2 & 2
TZ2E5d B85 570700 B35l HA reverse trans-
criptase(RT) ¥+-§-off o]-&3 At

Oligonucleotide primers : Oligonucleotide primere] 4 71
e oln wgY TGEV ¢711E & Zng A483
oH*?, o] primer5L S gened] amino terminal® W3
ORFs 33} 3-1& & A)7|7] $13ted AH&-31 5 (Fig 1).

RT-PCR : RT ulg2 $jolAq M3 gz Fud
TGEVS] RNA 3~5pie] 2pl¢] 10X PCR buffer(500mM
KCl, 100mM Tris-HCl, pH 9.0, 1.0% Triton X-100)9} 2p19]
10mM dNTPs, 250ng antisense primer, 40units RNasin g
2 15019 60mM MgCLE A7H8ich HE 200 wo-oe

3314 M

e N1 ]

1262 bp
TGEV 2 — 3
Primers 1306 bp
4 ———35 1056 bp
7——-8

— AAA3

-

C.

TGEV Primers
2 1 5’ AAGGAAGGGTAAGTTGCTCAS'
41 5GGTCCATCAGTTACGCCGAAY
4 1 5’GTGCCACAGTGTTTTCATTGS
6 5'GCAGTGCCACGAGTCCTATCS'
71 5'CGAACCTATTGAAAAAGTGCS'
8 1 5’ACTACGGGCTCCTGTGAAAAT

Fig 1. Schematic representation of A) the RNA genome of TGV
Miller strain, showing the location of 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 expected sizes of the PCR products from the TGEV ;
and C) the sequence of the primers.

DEPCE A2 @ AT ZF4E tatd AUch o 2A &
H @ RT 4H3-& 43 EF AL 65CAA 1083 §HEA]
713 200units$] Molony murine leukemia virus RT(GIBCO/
BRL)E T8} 45T Al 1.5A13F ¥ A1 AT

PCRS 9 & RT ghg-&of 8ple} 10X PCR buffer, 250ng
o] sense primer, 3.511¢) 60mM MgCl, 2231 25units9]
Tag DNA polymerase(Promega)E Tl 3t 1 2 F4H-8-9 100
EE3ZRTE tdtd A9tk PCRE MTAM 1%
oto] denaturation, 45C oA 28-%¢te] annealing 18] 31
74Co| M 5EE 3 cycle 35 cycles A3t FEH
PCR AA &< ethidium bromideE §#3+ 1% agarose gel
ol A A7) 9E3td AU

Restriction fragment length polymorphism(RFLP) 24 :
ZZ3 S glycoprotein gene} ORFs 3 18] 31 3-1 genes?]
PCR AAE L E&FE2 AHEE MillerF9} Purdued 9
G71NEE 02 st A APE2E 23MT
op* . kof B Eo] 4 Q) PCR 44 B0 AT AL 9
& profiled] £Alo) Fojrt d Afelle AGELE &
2}A]7]7] Aol Geneclean Kit(BIO 101)E AM&3} A A
% 0 23470 238 PCR 442 RELP pat-
tern& 2% agarose gelo| A A 719 %5% #Fe %t
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TGEV £2| : 383y o2 TGEV 44 o2 #d
A9 2FE YAz volys EE ARdY
163 9] TGEVE 2&gct 2&l¥ TGEVE STCl A
EFF MillerT9} v ¢ CPEE Ul o STCEA
e o] EFad 228 vlojgaE 13HYR
g3 TGEV Eo primer2 TGEVYE &t
(Fig 2-5). ©]&| @ vlo] g 2E & STCAA A4l plaque pu-
rification o] Z2] A7 & AP A4}

TGEV S genen} ORF 32} 3-1 gene2| £% : TGEV
BEEF, 9AF 282 FUWEEF S glycoprotein gene
€ TGEV 2/33} 4/6 primer paisg ©| &3t FZY ¥,
PCR B E& 1% agarose gelo| 4| A7) 45T 23 32

A

1262bp9} 1306bp¢] 50| band& AT & AU THFig 3,
4). TGEV MillerF= TGEV 2/33} 4/6 primer pairsel] )3}
o FEH A QoA P115 8o} 42} 73} 6 base 7 A2
2 g3A Aoy 1% A7FF A T o
U3 kYR YFE AN E T Zo]HE AA ]
oA ol ¥ AHe FZHE regiond] 1% A7 F
Ao A AR E A% nucleotide] additione]\} deletion
o] fie & Yehdnt. TGEV 7/8 primer paisZ %3}
A< # TGEV M6$} P15 Z}2+ 1059bps} 1102bpe)
PCR productE AP =ol, 4AFE T8/ I oFd
B3 2% P11539¢) 1102bpe] PCR product® A4
8% th(Fig 5). ©]E PCR product?] identity:= conserved
regiong QA3 AFEAZE FAsg )

Restriction fragment length polymorphism #4{ :
TGEV REF, WalF 221 HAEHFY S genes}

Fig 2. Indirect immunofluorescene assay of TGEV Korea isolates in swine testicular cell. (A) normal ST cell, (B) VRI-48, (C) DAE 5,

and (D) 133.
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Fig 3. Agarose gel electrophoresis of PCR products of several
TGEV isolates amplified by the TGEV 2/3 primer pairs (A)
and RFLP patterns of the PCR products digested with Mnil
(B) and BstE I (C). Lanes 1 and 17=molecular weight marker
100bp ladder; lane 2=M6; lane 3=P115; lane 4=Dvac; lane 5=
Bvac; lane 6=133; lane 7=347; lane 8=D5; lane 9=K-1; lane
10=K-2; lane 11=K-3; lane 12=K-5; lane 13=96066; lane 14=
150; lane 15=176; lane 16=187. Numbers at left and right are
molecular weight markers in kilobase pairs.

ORF 3 18] 1 3-1 gene?] PCR AAE & 7|29 ¥7|A
4& Fa2 e A ATELZ HYAYE o o
%@ RFLP patterng 4-& 5 AN h(Fig 3-5).

743 Eo] Q) Mol TGEV 4/6 primer paiss ZEH
S geneol| A} B25 9l th(Fig 4-B, C). Sau3 AI2.Z X33}
de 1 TGEVE M71A type2 278 4 g,
AW type2 M6, FHA typed Sau3 Al recognition
site2 7}X) 3 QA 9 Bvac, 133 181 347, AW
type& P1159} 7+ RFLP patterng 2= Dvac #2139}
3 99 o R F o] £34) Ssplel g RFLP

Fig 4. Agarose gel electrophoresis of PCR products of several
TGEV isolates amplified by the TGEV 4/6 primer pairs (A)
and RFLP pattemns of the PCR products digested with Sau3Al
(B) and SspI (C). Lanes 1 and 17=molecular weight marker
100bp ladder; lane 2=M6; lane 3=P115; lane 4=Dvac; lane 5=
Bvac; lane 6=133; lane 7=347; lane 8=D5; lane 9=K-1; lane
10=K-2; lane 11=K-3; lane 12=K-5; lane 13=96066; lane 14=
150; lane 15=176; lane 16=187. Numbers at left and right are
molecular weight markers in kilobase pairs.

pattern® Sau3 Aloj 2] %+ RFLP pattern®} H]%§ FAHS
et A=, dH o2 Sau3 Al o3 EFolA Al
WA typelZ EFHUD D57} Ssplo] 9dte] 59
typed AT Eo]H o D2 2% sampled] M &
5744 & typee] TGEV7} <15 Q{THFig 6-A). D2 &
% sampleol] 4| 2] ¥ TGEV D2 Sau3 Alo] ¢} B3
of A= P1159 2 AWA typeol 3R}, Ssplef
gg FHolM= AHA typest ZHH QY typed FH 3
+ TGEV7} plaque purification$-of] &¢15 1t} TGEV 2/
3 primer pairs2 ZFZA]7] S geneo] N-terminal end region
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Fig 5. Agarose gel electrophoresis of PCR products of several
TGEYV isolates amplified by the TGEV 2/3 primer pairs (A)
and RFLP patterns of the PCR products digested with Mnll
(B) and BstE 11 (C). Lanes 1 and 17=molecular weight marker
100bp ladder; lane 2=M6; lane 3=P115; lane 4=Dvac; lane 5=
Bvac; lane 6=133; lane 7=347; lane 8=D5; lane 9=K-1; lane
10=K-2; lane 11=K-3; lane 12=K-5; lane 13=96066; lane 14=
150; lane 15=176; lane 16=187. Numbers at left and right are
molecular weight markers in kilobase pairs.

F7HA type2 2 YEd e, M6 typest W AF G B
o} B FEo] &3 PIIS typelE EFHUT
(Fig 3-B, C). TGEV 7/8 primer paisZ ZZA]7] ORF 33}
31 gene& AREA Acclfy Aseloz Ag dIge
TGEV 2/3 primer pairs2 ZA]7] PCR 4 & ¢] RFLP
pattern3} F Y3} M6 typest EE WAIF 9} o £ 2 F
7} &3 P15 type 2 2 #-75 % th(Fig 5-B, C).

A& AlcHeit ¥ TGEVE| #0| : STCE o] &3t
TGEVE A ¥ Ao AiFaAe o dojue Mo
2 3937 $13 P44 straing A& Aiel Gk

Mt o

0.7

0.4
0,3

Fig 6. Agarose gel electrophoresis of PCR products of TGEV
field isolate D2 amplified by the TGEV 4/6 primer pairs and
RFLP patterns of the PCR products digested with Ssp1 (A)
and PCR-amplified products of P44 by the TGEV 7/8 primer
pairs(B). (A) Lanes 1 and 8=molecular weight marker 1kb
and 100bp ladders; lane 2=PCR product before cloning by
plaque purification; lane 3 and 4=PCR products after cloning
by plaque purification; lane 5=RFLP pattern of the PCR pro-
duct digested with Ssp 1 before cloning by plaque purification;
lane 6 and 7=RFLP patterns of the PCR products digested
with Ssp I after cloning by plaque purification. (B) Lane 1 and
6=molecular weight marker 1kb and 100bp ladders; lane 2=P
44-PCR product after low passage; lane 3=P44- PCR product
after high passages; lane 4 and 5=P44-PCR products after
cloning by plaque purification. Numbers at left and right are
molecular weight markers in kilobase pairs.

Aciu)ekg P449] S gene PCRE ZFZA|7] U} RFLP
EAH g3t BAUE W Sau3 Al Ssploj 9
AAF-H¢ ¥grt A=k 282 TGEV 7/8 prim-
er pairsol] 3t} FZ @ ORF 33 3-1 gened| & Ao
g F AT deletiono] &)= Ah(Fig 6-B). o2 @
deletion mutant= A o) ¥ 4% o] region® TGEV 7/8 prim-
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er painZ ZEZ3QY ¢ 9 FFFY PCR AQEE YE
= bandE2 #H U plaque purification o &
7z} de] Eo| bandiro] FAH AT

&

STCE o438 TGE 34& Hole AEL2HH
TGEVE #2843, 3% TGEVE PCRZ FZA|Z
&, AP EAZ Melste] RFLP patterng &4 33T

vro]g~ Re|AEE FFH7] do DAEA-DEX-
TRANC 2 STCE Heldued A A @& STCY
H|3te] TGEV o}9j#2F& st ¢ E#}H o]
9 t}®. o] DEAE-DEXTRANo©] STCo| charge 52 ¥
3E 8o TGEV ok F59) F3E &ol3tA e
Aoz ¥elt) Vaughnd} Paul”e TGE FA4E Hole
$HA 258 TGEVY EIE A=A 24%9 £
£& YA o3 A ¥ ¥ & TGEVY #E
849 %A, TGEVY E¢HAA, enteroviruss & o
2 upojglae] &4 2@z £yF9 STCH di# e
daptation®] Zo] Fo] o] 2 AHHUG?. EF 1
YAl 93te] TGEVY A7t 81 H o=
STCol 94 AguidN& & CPEZF YEIYA o 7
$7} #&5 o] STCH wWi¥= A & TGEVSY HEHH
typeo] EAE Aog F23 U0 £ AYdAe T
A YBAYol 93te TGEVY EA7t #Ud 4%
A9 YR Eo| STC|H CPEE #3¥ + JAUt 53]
TGEVo| §o|% primerg A}§3to] PCRE A& A ¥
o) = CPE7} ¥oly7] Mol = TGEVY] EAE &% +
ALt o) F AAE 2v)d TGEVY EAE &3
£d PCRo] ] 4 f83& BojEnt.

WAZE Y34 RE TGEV ol RYFEL FEF
9 d7AdE uges so NYF TGEVel 5ol
primer pairse] &j3te] BF FZ 5 AchFig 3-5). oA ¥
ARE Yo} o] AYoA AL M7LA| primer pairs7}
QA& 29t B5 conserved regionE Ho o]F
primer= TGEVE Zad of {484 A142 + A&
Ao 2 Yotk TGEV 233 4/6 primer pairsZ FZg
PCR product A9} $9¢ 271§ Uehdo] 334 &
9)d] Atk deletione] L} insertionS §le Ho.2 Bt
TGEV 7/8 primer pairsZ Z& 3% & 4 HAF& u| %3t
o RE of9| B FEL Purdue type o 2 YEIGTE V)

a

=

a

M BA o o83 Miller strain® S glycoprotein gene3}
nonstructural protein gene?] ORF 3-1 Alojof Attt dele-
tiono] ¢10] P1159] &A)3+= 45 nucleotide7} Zo 5 of
9}, o] ¥ ¢l= TGEV$ porcine respiratory corona-
viruso A TheFd 2719 deletiono] dojue FHE &
#A Jo=m,

RFLP B¢ 9j3te] TGEV ok R eEFE& T4
typeo. 2 T@¥ & ik S glycoprotein gened] N-ter-
minal end ¥$}E TGEV 2/3 primer paisE® FE A7
PCR product® A§FA Mnll#} BeENZ AH2sig &
w, TGEV o}9] &2 F & Miller typed} ¥ RT3

N3

R

RE 2|3 Eo] £3HE Purdue type 5 FIHA] o 2¢h
27350, o] Y& Fojd Hol7t dojyA g+ JL

2 Yehsh

TGEV 4/6 primer pairsZ %% ¥ PCR product®] ¥4-2
TGEV o} R FE FAAE Atole] th #ol7t &
ol JY&E BAFUT YA FQ Bvac, of e F
9 133, 347 & Miller®} Purdue typests ThE A Sau3
Al QAR E 7HA 2 AA g3kt o] &L EF Sspldl
9| A = Miller$} Purdue types}= A& t}& RFLP pat-
tene VERJITE DSE Sau3 Alo] 2] 3A & Purdue type
o2 BRHULY Ssplo] &34 & A3 thE RFLP pat-
tem& UERASITH D2 $ sample Wl 71X T type
o] Hpol g A7} A8t A5, plaque purification F
o Purdue type} D5 typee] who] g £7} 242 A A
(Fig 6-A). D59} D2& 7| A7} th& & 53¢ sampleQ] vl
o] 4gdne & STUAME FHA Hol7} dojyt
2 Yeg BAFUTh Bvac, 133 123 3472 & 2
2] 59 VRI483} Y% RFLP pattem$ e A2
A/l A Aoz BAY”. A FYciME TGEV
live YA & ALE3ET §lo] 1333} 347 22 ol R Y FE
of WAF2HE FHPEAE BH}A ¥k YAF
g o REFEY @r|Mge] o] FolAA 43 AH
& o AAF & & A& Aol Registers} Wesley
5= TGEVY| attenuated vaccine straing& 2489, P115
strain®] S geneol} A} FAE = 6 based] deletiono] & A3}
AL FAsQh o] § deletiond A F7HA EA4 o]
7950} & TGEVY F & antigenic epitoped TA3te
HELold slo2 voln, WU Ftet AY #¥
Aol YA &&= Ao B @A TGEVE #71
A WA Yte] AT QAW opg oA FAA Wo]
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7t 4oz gE BAdFE A7 Bl Ruga 9
o*E TGEVS $4H ol 2 G2 2YAE o
£3te] Fgsojoqn ged, frEy FIHd Y
A7) = S proteindl] HF o] glat TGEV strainol]| A 2
HEFO| & A0T WGSBS —a) 7hy o g0
S T Mproein® 278 44 E o530 gle ¢
%39 98t Q1A H = epitope TGEV B FE A}
ool A FHAT FYH Wolr} EATE W oY
§ o= 54 epitopest BHJE utolglx FHA F
A9 ERGI7L AdEAY WS e G E
Sanchez et al'°S T} 9] TGEVS PRCVS S geneo] o
71ME S BY vhd E4R90] 7+2x10% nucleotide
substitation®] ¥ o] 7} point mutation¥} recombinationo] 2]
3 dojdntn Badid. ol2E ZHEL TGEV W
o A& t}2 coronavirus?] infectious bronchitis virus'®, fe-
line infectious peritonitis virus®, bovine coronavirus” et al
3 o] g FEA Horl dojun e Ao F
AEn. ¢oF WAFE W ES FY TGEV ¥ FT&
SGEEFGAZ A F4H Hold i3t Fd A4
¢ ANE UL+ 3e Ao 232,

TGEV 7/8 primer pairse] ¢]3}o] 5% PCR productZ
AdE APa22 739 < 9 et RFLP pattern
2 Miller9} Purdue type 0.2 24 FHE = A o]9d &
43 Wolrt #AHAE Ut o] F4¥& TGEV 213
primer paise] S3e] ZEHE 29 opAAz
TGEV ol A & HEF o] A|go2 Helrh

TGEVE STCA A A %slRg wje] Wolg #a
7] Y3t P44 A4 Al Fo S gened} ORF
33} 3-1 4& EA etk A el 43 TGEV 2/3% 4/6
primer pairsE 0] &3] FZ3% S gened] PCR producte]
szet Ao|dol WAL WYTh T2 46 primer
pairsZ ZZ A7l PCR productE Sau3 Als} Ssplo2 3
2] 314l & ol RFLP patterno] X o] o] @& F T} o]
A% ZAie okddH TGEVIE 55 Ato]dX A%
Asn ghgo] o] Fojd of B STCHAM AL wig
Al TGEVY] genomed] ®o|7} dold &+ YUFE HAF
t}. =3 TGEV 7/8 primer pairsZ & A]Z] ORF 33} 3-1
geneo A= & deletiono] T2 = ¢ th(Fig 6-B). A ohul %
% ORF 33} 3-1 gened FEAY 4 gl= TGEV 7/8
primer pairs2 PCRE A A& 9& @ 79 band7} B
g9 large band: original P44 80| ™, small band

+ deletion mutant2 37 5 o] plaque purification $of o}
Al PCRE AA B4 1 A3} the9] original P42 3
A5 cloneo| plaque purificationo] ¢]8fe] Aol A3,
deletion mutant® H o] cloneo] &t o] Ay
A cloning ¥ deletion mutant2 %A 5 & clone(Fig 6-B¢]
lane 5)& cloning Ao & 1Y deletion mutant(Fig 6-
B¢ lane 3) B0} size7} & A o2 Jeh) lane 59 clon-
ing¥ mutant= deletion 5 Ao gl P447} cloning
g o2 349 ozg A TGEVE STCoA
Q% AdGse o] ZE vholel 2ol A deletiono]
Yojuiz ol ohiieh $ Ao HHAH L2 deletiono]
dojupy] B&Q Ao HAt o} ORF 33 ORF 3-1
gened] 7]Fe daAe FA5A HEA YAE A
7 o] & gened TGEVY] WU & ZAAd = 8% A
02 RN Wesley et al*2 394 TGEVS] Mill-
er strain® 2 5E] S2g 8] 94 ¢ small-plaque ¥ o}F
o] 548 E4s gt} o] & TGEV #Mo]F &= ORF 33} 3-
1 ¥ % & encodingd}= RNA 33} 40 462 nucleotide”} dele-
tion 5 ©] RNA 33} 4] transcriptional recognition sequence7}
A2AHA ole| g ZHRE Hol o] 5 gened] AHELS
TGEVY] F4& Y8t Mr=A] QT A& A% o]
229 plaque HEl, A s, B4 23 A o
7 yalx 9 A& T AFE vAE AL 33
€t} Britton ef al *& W94 TGEVE STCo| A 185) 7
el k& S gene ORF 33} 3-1 gened BA&ti=dl S
geneol] A& PRCVOl A Hol& deletiono] H& A &t
11, ORF 33} 3-1 geneoll 2 250 nucleotide7} deletion ¥
AE golsiyrh oz P44 T+ v HYA TGEVE
STCell A A& Athul g8t HA deletion H= Y& A
3t ohobdta deletion @ Wo|FES FAH, HET
A dgE 2AE Ao Ba¥ Aoz ¥ o2
¥ EHE A& gopgdutd o] H97} deletion ©
TGEVE cloningdl] AANZZE AILEE 4 918 Ao
2 FAH o] B9l g T AHF AF7} o] Fof
Hop g 202 AR} o] AFE okl A FEHE
TGEVel T} F44 o7t dojun JIEE HAF
Ath $o.2 50| RFLP pattem$ 2t ops| 59
4714 BA0) ol Fol Ao} & Aoz AR T

4 £
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ZU oA 22 5E TGEVY {383 5L dobs)
7] $13te] TGER A=+ YA 2 BH TGEVS ¥3)38t
o 1 54¢ FHIAY. F 1652 TGEV/L DEAE-
DEXTRANS 2 A& STCE o] &3dtd EIdNU,
plaque purification ¢l Z2]A]7] nlo]& 29| § glycopro-
tein gene3} ORF 33} 3-1 gene2 RT$} PCRE o] #3149
ZEZNZ F ATEALS sl RFLP pattemg &3
4tk 7H Eol Al Wele S geneoll Al antigenic site
A% DE ¥ & st TGEV 4/6 primer pairsZ FEA|7] &
oA B2 PCR productE Sau3 Ale.2 A3}
AL @ YAFQ Bvact opEeFe 133 1gx
347& 7129 Millers} Purdue types} = A& T} & RFLP
patterng JER L, Ssplo 2 M3t H & Qo ol 5
< 34 typed HASST. DS BEFE Saul Alol A
Purdue typed] &35 o1} Ssplof Saja= g RaF
E3E A§ th2 RFLP patemS JER QT D2 8
sampletjo]l A2 T2 typed] TGEV7} EAatE Ao
plaque purification¥o] ZZA]7] DNAE Ssploz Az
% RFLP pattern®] #2022 g #elgft. TGEV 2/
37} 7/8 primer pais® ZFE A7) S gened} ORF 33 3-1
gene I HEHL Ao Btk AwgRe W
& H7193 P44E STCAA Adiujkgt F S gene
# ORF 33} 3-1 gene & A8 =0l S geneo] A A gh&
ol o3 QAR 9] Wt A E ]2, ORF 3% 31
geneo] Al = At deletiono] Gojubi gl Aol 2
=Stk ole A#HE B9 A4 FHstn 9
TGEVU AN g F24 Hol7t dojutn 9t A
2 FA9r.
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