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Genetic Analysis of Porcine Epidemic
Diarrhea Virus (PEDV)

Field Isolates and Vaccine Strain
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# X 34 4AAE(Porcine Epidemic Diarrhea; PED) ulo]#~9] #2333
S4E& 2AELRA 19735 19999712 S @A e wARA o3
5ol PEDZ Jd® AEe EW =& 2% A8$ PED vl EEF
(Cvrr) 2 ¥ WAFgAM Eeo| primer setg o|&% FTFEL ANV
(Polymerase Chain Reaction; PCR)& 4Al3l PED #}o]2 2] nucleocapsid
(N) gened] 4%E FEZ3}A) o] PCR FFAEEL 4F AVEaL2 A3}
o] Restriction Fragment Length Polymorphism (RFLP) £4& AA§gc =
g FuelA gAY wolg 29 d7] R ofnxit MEE BEMIG BEEF, o
¥ Yo vn E43 T

AAd UL E RT-PCRE 4Al5te] agarose geldolA] o] fAx9 FZ
£ Q¥ P} ok WY AE, FEF E HAF EFe)A 691bpe] Fo] £
A7t FFHALH, PED vtolg2 o]9le] vhg ule]# 2 AT o] Q] band
7 AEHA ot o] &FY¥d RT-PCR ¥¥°] PED virus®] N gene 3% 5



PCR $34&¢ AFasz ANeste] zh2he] RFLP patternS ¥ 24 %
A7 gREe I FAFE dE QAT e FHE BA o 2749 o
a3 (97-160, 98-53)F 3T} ATEA(AspLET, MspROT, Hgal) A=A
T dE WIFed FYF S BT ATELE Tl 22 AYside 24+
dE ZE U SAFIL HAAR Adggle]l A& WAF R ZEFS FEH
= RFLP pattem$ vetdio] £33 o] 7H53tdvh W $AFTY vl
G E, 97d e LA 4ot HZ R-99dEd EAG At MR e &
4& YErRA

= STl GoiMgE B4 dAA EFEFQA CVITTEE 95%9 homology &
vgow g8 MAFetE 93-94%9) homologyE BHh I #A4FY o
714g v R A E 96-99%2] homologyE Ho]lil 121} RFLP patterne] A=
g2 STl homologys 9% ®oli Qo] RFLP pattern® 3A}e]7}
sequence homologydl= € F&FS A dth oprjxit Mg B4 ¢
ZINEH FALE AAS BHod, S dAFeG dE AT wudME d
7}A49 homology®R ot ¥ 2£ 39-90%2] homologyE X.o otujiile] e A
57 6 FaES EA3ud

o] AFelA &YE RT-PCR 7I¥L o]8% A%, of9 ZYE ARE WP
2 4357 PED g 9T 7 AL AoR AdHn, E AFdA AHRE
A TAE o]&3¥ RFLP £4& oke] Ao} WMiFe] 7y F upol2f23t
47 88 ez ARdY a8x, W HAFE RFLPS d714 €
9 ooprlxedt B4 F3 A8 94T FASNHLE AolE Byew I WA
F3re} H|ZAAME RFLP pattern®] zto]& #FHA¥ < o] A7 B Y
W2 PED ulolg] 27t &Aoo 8 Holrl AYHu Y= e wod)

F8o] 1 HA F3A HAIF vlel# s, FREL QS A Ba
RFLP 24, sequence homology.
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1.4 &

A 34 DALF(porcine epidemic diarrhea; PED)S @l & vk ofy
g U EANE FE, &5, 471X R %4 AAE o] AE HA
A A49A A olti(DeBouck$} Pensaert, 1980; Turgeon %, 1980; Dea ¥,
1985; Timoney 5, 1988; Pensaert, 1999). Z1@]3 3o W& WA Y o7}
S EE 2o A8 ZEA g 4L Bold 1579 AE AR}
BNER AT, Aol ARFE A/t Hate F2 1579 olse] EFAEAME
A dArel 4% @58 F33 £& HAEE Holw 39# oty AT
€ HAEol A 100%¢] DEFHPijpers &, 1993; Pensaert, 1999, 7 %,
1994) e} siA] fraA AALS ¥helE 2(porcine epidemic diarthea virus;
PED virus)E AERte AEL] A o 4A F487 diEd 247130 F
ot AEAA ¥ 5L o]#&S HolA FtHPensaert, 1999).

PEDE 1971d d=oM H22 THAEES AT 54 2 v5E04 CA
Hdx, 1 F 1976 L F3oNM THAES T AN 4 AHAl
Zo] &Aste HAAE epidemic viral diarrhea (EVD) type 1, ¥AE EVD
type 02 FE3o W33 AHOldham, 1972, Wood, 1977). 2 ¥ 19784
coronavirus-like agent’t type I 24l Fe] A= Aol HHFOH
(Chasey®t Cartwright, 1978; Pensaert®} DeBouck, 1978), 1932 EVD type 1
% typell7} 22 coronavirus®]l 3 Aoz w4 PEDZ W93 ot
(Pensaert %, 1982). 2 ¥ W7]d), 54, =F 2 ULEHA=E F H3 99 Yo
Al AR %3 (Pensaert 5, 1982), ofrlol A ejA= 1983 dEANA o
ARx @ vt i (Takahashi 5, 1983). I E HEE 199294 AR D
HAo (¥ 5, 1993 A F, 1993) I o]l 1987:de °)u] F el PEDZl
o] AAYHE Hol AQHA oW (e o], 1997), BANA AFHOZ
d gAste FE ok Be AAA g8E 4 A

PED9 €AA= Nidovirales, Coronaviridae®] coronavirus <o) X34
PED viruso]tH(Chasey®} Cartwright, 1978; Pensaert®} DeBouck, 1978; Lai%h
Cavanagh, 1997, Pensaert, 1999). PED virus® ER/FF5Ed ZA49dHE=



coronavirus & A AP HFY uvle]?] ~(transmissible gastroenteritis virus;
TGEV), #A 3F7] @=2}dlo]#] 2 (porcine respiratory coronavirus; PRCV),
7| @Zunto)# ~(canine coronavirus; CCV), %ol ALA H9g dfolgx
(feline infectious peritonitis virus; FIPV) &3 @7 antigenic group 12 2§F
Hm A& m2}ulol#] A(bovine coronavirus; BCV), & 7t wlel# 2(murine
hepatitis virus; MHV), S1X] @ F&34H 9 u}o] 2 2(porcine hemagglutinating
encephalomyelitis virus; HEV)+E group 22 #&F ¥ tH(Mclntosh, 1983; Holmes,
1985; Yaling 5, 1988; Duarte %, 1993; Lai®} Cavanagh, 1997). s x]¢] 24 %
T T8 coronavirus®l PED virus, TGEV Z8]2 PRCV:E 25 group 19] £
e ulolZ 22 ME A1 §32 FRE X2 9o PRCVE TGEVY
spike gene & YR/t A€ Hol 9lew PED virust TGEVS PRCVSH=E €1
open reading frame(ORF) 3] £3l5 o] 917 ¢x X% ORF 7¢] d<& 5o 3
E Aol F2%F AololtHDuarte &, 1993; Paul 5, 1994; Lai®t Cavanagh,
1997)(Fig. 1).

PED virust #2717} 95-190 nmZ envelopes} &8¢ spikes #T Uy H
o) T8 ujojzj2olt}, PED virust 16-21 kilobase pair(kbp)¢] single strand
(+) sence RNA genome® 7FAY 3% Fa Fx wyd ZF 85-135
kilodalton(kDa)®] glycosylated spike(peplomer, S) protein, 20-32 kDa<2]
glycosylated membrane(M) protein, Z&]31 58 kDa®] unglycosylated RNA-
binding nucleocapsid(N) protein® 2 JFA %o lcti(Egberink %, 1938;
Hofmann™ Wyler, 1989; Pensaert, 1999).

Coronavirus®] & Y AZF N protein® genomic RNAY 2%d 143
RNA-binding nucleocapsid protein(RNP)-2& 343t} RNPW N proteine
ribonuclease2%-E RNA genomed HE 35w T3 viral RNAS @42 243
}(Linda, 1993; Lai®} Cavanagh, 1997). N protein W ¥ o] wlo]2]2 9] ¢rAA
T AEAQC AFE F 4 Joew HAZ MHV § 250 9123 We)£9 A
¥ N protein A< Ee Helrt A vx 23ad v th(Koetzner 5, 1992;
Peng %, 1995, Lai$} Cavanagh, 1997). PED virus®) N gene2 the 3z 2
A w3 Welzt AL (AA R ILFoZRE 2709 conserved motif,



Z TTAAACS CTAAACY} &A@ tHDuarte 5, 1993; Tobler ¥, 1994). PED
virus®l N geneg 4% Fd3 L HA zmIrputolgiA¢l TGEVEREUE
human respiratory coronavirus®l HCV 229E$} #Astdoez o #@@e] AU
3 B33 Y HDuarte®} Laude, 1994, Duarte 5, 1994). T3 & ok9jolA
PED7} #AF £ &% MEE o] 4% RFLP €42#% 3u EaF 1 ¢
Aol §U&AL™ N gene AF-o g QrIMd £A4A, 19960 € o
2 BEF7r 19034 Eeld =W 2dF9 100% dAdtn 231d v 3o
(Kubota &, 1999).

PED virus® 19719 YA R @ ol F wFAE Welxe] FHe] ooyt
19883 wjx)¢] trypsing HA/}FFOZ Vero MiF AXAA Fao) I =YL,
Vero W% Ao ¥ PED virust FXE% #¥A A48 T AxZEy
R #}(cytopathic effect, CPE)& Y Eldvtn H 1389t (Hofmann®} Wyler, 1988;
Kusanagi 5, 1992). Wi A EWAA trypsing Z& 7]A-L interferon A4S
A 3ta "ol FMAL cleavageE: =9 AT el 7289, MHVS
#& 4% coronavirusdl A = spike glycoproteing 2709 subunit® FAAIA bt
oz~ 9 FHAN IFE FAANIIM(Sttuman T, 1985), =¥ ¥}X] W trypsin
EAqe FEE€ dovle 98 niolgid A 842 53 TGEVS BCV
o] & MEe AX g iR trypsing F/MFLEHN EEYT HIFHF
Th(Dea & 1980, Storz %, 1981; Hirano &, 1985; Komaniwa %, 1986). =4
A 19939 A Fol 93 Vero MY MZAAM wypsin &4 ol $£94d HA}
% 8548 FF5FO025Y9 HAg AE 24N PED virusE #elsle] B3
vl glew ojo} A F(1998)e] F7F2Z PED virus§ &¥3e rasgch

PED virus®] 57| 12-40A1te2 49 54U PED7F @Astd F£37
exd Agge N 2-39 ol diF-E9] A7} FEE). ol A gRE
o &% FRAAVYAE 9 9% G AuAzd Aol glo] REHA 4+
T 4aY 45T FAEE AAFA He, o) dF BPAL0R nAs
& S FAErt 343 FH5d §2F A4A B0 B FFERT
THFHTE A AGe) Fol Tt ALY SASA HY A A= A S
271 AAHZE Ho A3 HAlst 4% €52 HAl o|2A ©rtH(Moon,



1978; DeBouck %, 198la; Pensaert, 1999).

olo] we}, PEDS} 2& §4 AAe 4% A H9E A A%,
A o] Aotk 22 PEDE EAEU Y447 TGE, Porcine
rotavirus 53 A 53 TGESH: 94354, W4 43 2 €92 vl
A& PAte P =¥ FAEY WNEA] AU e Y JAde] 2FHTY
(Thake, 1968; Horvath® Mocsari, 1981; Coussement 5, 1982; Pensaert, 1999).
PED gy e = 33 A Y (direct immunofluorescent antibody test, FA), &
A& 1) A (electron microscopy, EM), &4 WA HAAY(enzyme-linked
immunosorbent assay, ELISA), ulo]lgl2 EFAY Fof HuHHo Ut
(DeBouck %, 198la, b; Pensaert, 1999). HZdE #F3AA JdPe=2 PED
virus®] WAL FH3E in situ hybridization(¥ F, 1998), FHEA AN
(polymerase chain reaction, PCR)¢] ¢]-£93 9t} PCRY A% 719 A&
AbgslE @R o] glov AEEln Folideo] xon, 53] TGES Hdo] &0l
7] W&o AaEFgog Fo] o]&5 glel( Ishikawa &, 197, & T, 1997).
PEDS]l @ &3 Adgeze 7 FAYA Y (indirect immuno fluorescent
antibody test, IFA), ELISA, 8% % 5% (serum neutralization test)&°] °1&
532 AtH(Pensaert, 199; 7 5, 1997). EAFHANPYLe =2 ETW €8 F92
g £ glonj(¥ 5, 1998) blocking ELISAE #9¥ F 79, fixed cell
ELISAE 749 ¥ 14Y4 A& PED virusel ti¢ dAE A& + Aty 2
2¥v Yt (Hofmann? Wyler, 1990; Van Niuewstadt®} Zetstra, 1991;
Carvajal &, 1995 % %, 1998). B, IdA A F(1994)& ELISAY S °§&
o siAo] o A A A oF 45%9) A FPEE dETds B3
i gie

I A 2 A8E B9 96-97d % blolEAer BEE HAMF 32%7t
PEDZ Jdsen, 2 F 796%7t 7d# ol8e) ZHAEANA gAstd 2
&7t JtEH R 22V TGEE 2 240 74 FAoln 9ild s o
L A= BAZ Ha e Ae: fdsAR PEDY A4E 1992d dA4RD
olF wWia F7} FA4 Q29 £35 TGES PED % 740 Z73td A&
b5 7tFEA7IL ok F, 1998). £% PEDE ¥ 2o g upo]z 29



B34 F2 A7 4o €3 FHAEE ol&4% =FU ¢ 24
& F9E A ADE FFAN7I(109-38F) o|FdE AW A&Ho2 A
He A% Holw olf I g A Hae ¥ delzn 21
Ao(Er F, 1998). =& oS A Tl A HAR B 9] W] AR
Hx dAe 9 HFo| wE oEAI FIA §L dFolH o] <
EZ AT PED wAA F3FEE 8 B2 Yo B3y Qi

B dFoAe, 2udr FAE oz Hatgt Hx9 423 £ AAF £
PEDE Al&& A dst7] 9§ reverse-transcription polymerase chain
reaction(RT-PCR) 71" & @ st A ofe] 2AFet WiFd 2H§3td
PED virus®] N gene® FZ3Ath. FFE N gened o]&sle] ok FAF o)
FAYH B4 7937 sl AFETLE o]4% RFLP £4-& AAS4
RFLP ¥A4d# zte]l& el oks] HAFd didt d7]4g £4 9 ojnx
A4 MG BAS Fote] off AT A& YT 9 FEF FAEH Aol

g Wa 24

o
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Fig. 1. Comparative genome structure of Porcine Coronaviruses, Pol.
Polymerase gene, S : Spike gene, D : Deleted region, S’ : Partial
deletion of nucleotide from S gene of TGEV, 3 : ORF 3 gene, 3-1 :
ORF 3-1 gene, sM : Small membrane gene, M : Membrane gene N :
Nucleocapsid gene, 7 : ORF 7 gene, NS gene : Non-structural gene
(Paul &, 1994; Lai®} Cavanagh, 1997).



o As % Y

1 vholgs 2 ops) A

A vle]¥ A& Dr. Pensaert= %8 FAwe PED virus CV777 EFF
(Pensaert?} DeBouck, 1978), PED d¥ w2 F(NISSEIKEN CO., LTD., Tokyo,
Japan), TGE virus(¥ ©§5), porcine rotavirus(OSU strain), 28|12 W% A X2
T Vero cell line(african green monkey kidney cell)S AH4351t} PED 4ol
29 giF ¥4 FF ARET 199797 F 19999714 FYPFRSAGY ¥
Ao @] FAFgAMe & A KB HAFo2 BwIE 13749
2% e E¥ASE RT-PCRF RFLP ¥4 A}-2-39th(Table 1).

2. PED virus RNA &

HA #8AY QAE golg)xe] RNAE 237 98 CVv777 2239 ¢
B BAFE Vero AlXd ZFEAA trypsine]l #A7FE o -MEM(0.3% Tryptose
phosphate broth, 0.02% yeast extract, 10 ug/mé trypsin, Gibco)dllA] 24-48A) 3t
B ge ¥ CPES 9% F €33 Fol= A& 33 w53 Fo wgde
ol &3ttt ¥t 15 ml tubed A Tt AAF 2% ARE FYFH 49 o
-MEM2 =2 343t 18 Ft kg F Q4T FE 4L o] 833tk RNA F
2938 Chomezynski®t Sacchi(1987)7} 2 13 single-step RNA isolation
method (TRIzol® Reagent, Gibco)E °l&&tdth Alg 250 wel 075 meol
TRIzol® Reagent& Wi 5% F¢ d2°) FXT F 200 pf chloroforme A7}
e F HE 9E tA ALoA 1083 ARSI olRL 12,000 rpme A
1587 44 #ede 459E 4E tubed 27132 05 mf isopropanolg A7}
Sto] A2 1087 ARSAT A 12000 ripmal A 10873 948 £ 459
2 WL tubed) wpge] b}k pelletd 75% cold ethanol® 28 M3 34
AF AZAAY. A=Y pellet® 3 FHY Diethylpyrocarbonate (DEPC) X&)
#A FFTd &A1 A RNA template® AM&35153c},



Table 1. Field outbreak samples’, vaccine strain, and reference strain of PED

virus used in this study.

Samples No. Regional Distribution

97-128 (1997) Chungnam
97-138 (1997) Chungbuk
97-151 (1997) Chungnam
97-160 (1997) Kyungbuk
98-14 (1993) Kyunggi
98-19 (1998) Kyungnam
98-53 (1998) Kyunggi
98-81 (1998) Cheju
98-125 (1998) Chungnam
99-32 (1999) Kyunggi
99-98 (1999) Kyunggi
99-158 (1999) Kyungnam
99-188 (1999) Kangwon
vaccine strain”™ Japan
CV777 strain™ Belgium

Field outbreak samples were collected from piglets suffered PED virus
infection from 1997 to 1999.

Tissue culture adapted porcine epidemic diarrhea virus strain.

() Year of samples collected.



2. Oligonucleotide primer ¥4

A FPA HAF 9ol 2E FFHE7] A8 coronavirus9 conserved
region¢! N genedlA 1 set®] oligonicleotide primerZ 343ttt PED virus
F1<& N gene¥] 593-612 bp, PED virus R12 1264-1283 bp® 691 bpel PED

virus 5°] FAAE FF € F AT FHE LA HTable 2).
3. RT-PCR
1) PED virus cDNA &4

Z% %" RNA template 10 pfo] reverse primer 1 plE H7}Ea 58 T4 #
ol F d&d F43 WAzt WzHd RNAY 20 8 DEPC-treated D.W, 10
ph 5X first strand buffer(250 mM Tris-HCl pH 8.3, 375 mM KCl, 15 mM
MgCly, Gibco, USA)®} 5 g 0.1 M dithiothreitol(DTT), 2 gf 10 mM dNTP
(Promega), 1 ¢ RNase inhibitor(RNasin 40 U/uf, Promega), 1 z¢ M-MLV
Reverse transcriptase(200 U/ul, Gibco, USA)E H7}std 37Tl 60% T w
% NZAY 4" cDNAE -20Co] E@saA PCRol AH&3% e,

2) Wz

PCR-E tubeo] 25 pf reaction buffer mixture(50 mM KCl, 10 mM Tris~
HCI(pH 9.0), 15 mM MgCl;, 02 mM dNTP, 25 U Tag polymerase,
Boehringer Mannheim), 1 gl forward primer, 1 pf reverse primer , 5 pf
cDNA, 18 s PCR grade sterile waterS #7}ate] % 8£36) 50 w7t JE=2
3l GeneAmp PCR system 2400(Perkin Elmer, USA)dlA] PCR& 4 A& 4t).
PCR ¥l¢ & pre-denaturation® 95Co 5837F A3 th-& 52T 45%,
72T 1 &, 95Ce 4524 30 cycleg 2FEF F post-extension® 52T 45
&, 72CAAM 58 AN&9 FFAAUTG



Table 2. Construction of primer set for the amplification of PED virus N
gene. A 691 bp of N gene was amplified by RT-PCR using primer
F1 and R1.

5 Pol S 3 sM M N 3
R ] -AAAAAA

e —_—
'F1
Primers Nucleotide Sequences Position of Primer

PED virus F1 5'-ACA AGT CTC GTA ACC AGT CC-3' 593-612bp of N gene

PED virus R1 5-GTA TCA CCA CCA TCA ACA GC-3' 1264-1283bp of N gene

_10_



3) PCR products®] 21

PCR 5% 4F& 10 plZ 1 w0 gel loading buffer(30% glycerol, 0.4% orange
G, 001 M Tris, 0.1 M EDTA)® &% vt 2% agarose gel’delA TAE
buffer(40 mM Tris-acetate, 1 mM EDTA. pH 80)& AF&3td 120VolA 30%
2t A7198L AASn  ethydium bromide(EtBr)2 @A) FF A2E
#eldt7] 981 100bp DNA Ladder(Gibco)E molecular size marker® AF&314
2 A7|9%F % UV transilluminator® PED virus®] @3t %0)3& bandg @9l
sttt

4) RT-PCR4] Eeo|4d &<

PED virus®] %o] #72E $F37] A RT-PCRY Feoldg Yotrr] 4
& wtolela M[HF Vero ME widdst gL Iz mIuwpoly 29l TGE
virus(# ¥ 5)9} porcine rotavirus(OSU strain)& 4.2 RNAZS %39 =
dg PP OoZ PCRS 33y SHAEE FAsrh

4, RFLP ¥4

RFLP= RT-PCR=E % Z¥ DNA productE 4F¢] A& A(Table = 43
XA agarose geldolM HA71EFE AA3Y 45 Ach PCR product 10 g,
10X buffer 2 pb, FF5T 7 pb, 479 AvEL: 1 w(AsplE1, Trd1,
MspR9 1, Bioneer; Hgal, New England Biolab)2 &% 3l 37TelA 2417+
T HAF F 2% agarosedolA AV|FFE AABY WAFE FEFe
cleavage pattern¥ v| T EA3e), E3 7 F Aojd FAo] er AEFL
AAe F71Md E4& AdA&Th

_11_



Table 3. Recognition site of restriction enzymes used in RFLP analysis.

Restriction Enzyme Recognition Site Sequences
AspLE 1 GCGlC
Trio 1 T | TAA
MspR9 1 CCIN'GG
Hgal I N(0)GCGTC

* Nucleotide sequences

-12 -



5. Agarose gel255 DNA A A

Vogelstein#} Gillespie(1979)2] %¥& -$-83% GENECLEAN I® Kit(Bio 101
Inc)E ©]€&49 PCR product DNAS AA3AH, DNA FHFAEE 1%
agarose geldold 7|45 S A Q&= 50|13 bandE gel cutterg ©l
23t Zehfo] 22 W ©-& microcentrifuge tubed] ¥ I 38) &2 6
sodium iodide(Nal) €& A7tete 56C & FxolA &As] &t
23 1A glass milk beads A2 %(1 pg DNA/L ) @718t 183 awkéia
A2 M 58F% AN T 42T AHOE bead® FHAAIA washing
buffer(NEW Concentrate 4 mé, 100% ethanol 310 mé, FF< 280 m) & A A5
Aok ol d WPow 33 A F A bead pellets F7 AFAN F, F
Fol galste 56C 2 FZoA 58 HAFn A 1E FE 94 39
DNAS F&39 AL w7 —20Co B@agt

N =

6. 471548 ¥4

ABI PRISM™ Dye Terminate cycle sequencing ready reaction kit(Perkin
Elmer), GeneAmp PCR System 9600(Perkin Elmer), Z2]3 ABI Prism™ 377
(Perkin Elmer)& ©]&3ld d7|Md £4& 4A3Avh AAY PCR products
(10-30 ng/il) 5 EF 23 terminate ready reaction mix 8 g8, forward primer
Y+ reverse primer 1 g, ¥ 11 DEPC treated water 6 plZ H7}sle EF3}
At o] EFEL BT 10&, 50T 5%, 60C 4% A& 263 WAz F
4T AA&H}, o] ¥hEAES 15 m tubedl %7 ¥ 3 M sodium acetate 2
u, 95% ethanol 50 p0E H7tate] FRkstn 108 &< A& BAAD F 4T,
12,000 rpme 2 30¥ ¢ Y44Ed 33 4F3AE AASL 70% ethanol
250 wE ARty AARIFHACDT. 2 pelletd F7] BRAIZ F sequencing
loading buffer(5 volume deionized formamide : 1 volume 25 mM EDTA, 50
mg/mé Blue dextran) 6 pfo] AAE3A 90TCANA 28 H<¢ /HEd T ALLE
W 7kA] & AX AT

_13...



G719 EMS A8 gel cassette® ZHE 2 45% acrylamide/ 6 M
urea/1 X TBE gel< AZ3%vt. ABI PRISM™ 377(Perkin Elmer)ell gel
cassetteE FZAAIZ F AIBE 1680VE 7AIZF T HA7|9FS AAEAY 4
714949 #2428 ABI PRISM™ 377 DNA sequencing analysis softwareZ A&
o ¥MRPen EEFA CVIT79 H7IMEL GenBankdlM Tt 2= o} o
g8 S 2AF, WAFE g2n FEFOY 97IME E opukAte]
homology ¥)®E DNASIS program(Hitachi)-& A3l A A)stR ),

_14_



1. RT-PCR

PED utel#lx #ibg ZH&357] 4 RT-PCRY 5ol 43 4% PED
virusZ A 2]% TGE virus, porcine rotavirusd| A= Eo] A7) AE2H7 &
kth(Fig. 2). iy, 2E ofe] @A) Al8 PED vlolg]& EEF, a8 94l
Fo|A RT-PCRE AA& AF 691 bpdl sFsts 5ol %A bandE &Y
st (Fig. 3).

2. RFLP analysis

ZZ49 PCR products®] N genesS A|VEAL AspLEI, Trd 1, MspROI ¥
Hga 102 Ztz} A& o Q7|95 AA8IY cleavage patterng H| W &
Aagden, 971M4E d34E 272 449 band sizeE AAF3HATHTable 4).

Tru 91 AT EE HZAA Adish ADR7E SA435 o, )
ofg] MAFE WANF T hE FFE 1o o] st WaFe
XEFFE 97 bp, 162 bp, 432 bpe] FYF bandE FAASFATH 2y B-145
Ajelgt T oFe] wAFE 97 bp, 135 bp, 162 bp, 297 bp9 bandE XA,
98-14= AFE L AR 7t doiso] 162 bp, 232 bp, 297 bp9] bandE
B3t vHFig. 4).

AsplET AZdAME S oFe] @AF F 97-128, 97-138, 97-160, 98-53 2
g2 WMAFAM ABREA AER7E EA3A] o} EEle] =71 691 bpe
band2 L4 FFE BAY 2, UM A o] SdAFAMNE AJas A
97t &A%k 335 bp, 356 bpe] bandE FAEgen olgd: tt=j HFEF
Q1 CV7774l A= 59 bp, 632 bpel band& #4351 vH(Fig. 5).

Hgal AgdAx Al 97-128, 97-138, 97-160, 98-53°] W F9 BFEF
A AFERLE AER-H7T EA43o 343 bp, 348 bpe] bandE VA FYF
F3E EQT R o8] FAFANE ARSI EAFA ¥ol 691 bpe
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band?H-& ¥4 3t Ao} (Fig. 6).

MspRO1 AZHME 57HA8 v $d& Bt WA 97-160, 98-532
W A9k A 93 bp, 206 bp, 392 bpel bandE FAdt FAL FFE vEh)
Rt 97-128% 97-138< 72 bp, 93 bp, 134 bp, 392 bp, 12 EEFA CV777
ol X 206 bp, 485 bpe] bandE AT WA opy SAFAAE 479
o] AEA AGFY7E SA3A 59 bp, 72 bp, 93 bp, 134 bp, 392 bp2l band
g J4stu(Fig. 7).

3. 47149 £4

I ofg] AT, WAF Te2ln BEFY FAR FAEES Yolrr] A8
o8] WAIFe] RFLP 246X Aoldt $4-& BEAY 97-138(PED 138),
97-151(PED 151), 97-160(PED 160)7 «£ ¥WAF(PEDJVAC)® 97|44 %
ofm| x4t HEL FAFY I CVTT7T EEFTE GenBank(Accession No. Z14976)
M 471X dg t2 2= o}l homologys M= ¥ a3 vHFig. 8 & 9).

HA7IME FAA, I BATE EFF CVITIHE 95%¢] homologys X2
ot AdE WAFt= 93-94%9] homologyE B HcTh Fu) WAIFZHe) v
Me 97%< 99%E B ot RFLP patterne] ©hE 97-151% 97-1609] w4
A 4714 ¥ homology7t @ %o} RFLP pattern® sequence homology 2= v}
2 4742 Yt (Table 5). otalxdt MG Z2HNME FAS A48 BGY
2wk ] A EEFSE 91-92%, dE WAF9} 89-0%E G7IME H
t} o 22 homologyE ¥ 1t (Table 6).
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691= |

Fig 2. Specificity of the RT-PCR for the amplification of the PED virus
nucleic acid was confirmed to other swine viral pathogens causing
piglet diarrhea Lane 1 & 6 : 100bp DNA ladder, Lane 2 : PED virus
CV777 strain, Lane 3 : TGEV, Lane 4 : porcine rotavirus, Lane 5 :

Vero cell control.
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691= HEN

Fig 3, RT-PCR amplification of N gene of PED virus from filed outhreak
samples and reference strains. Lane 1 and 17 : 100bp DNA ladder,
Lane 2 : 97-128, Lane 3 . 97-138, Lane 4 : 97-151, Lane 5 : 97-160,
Lane 6 . 98-14, Lanc 7 * 98-19, Lane 8 : Y8-53, Lane 9 : 98-81,
Lane 10 : 98-125, Lane 11 : 99-32, Lane 12 : 99-98 Lane 13 : 99-

158, Lane 14 : 99-188, Lane 15 : Japanese vaccine strain, Lane 16 :
CV777 strain
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Table 4. RFLP patterns of PCR amplified N gene of field isolates, vaccine

strain, and reference strain of PED virus by various restriction

endonuclease digestion,

Digestion Fragment Size (bp)®

Samples
AsplE [ Tl MspR9 1 Hgal
97-128 NC™ 97, 135, 162, 297 72,93,134,392 343, 348
97-138 NC 97, 135, 162, 297 72,93,134,392 343, 348
97-161 335, 356 97, 135, 162, 297 59, 72, 93 134, 152, 333 NC
97-160 NC 97, 135, 162, 297 93, 206, 392 343, 348
98-14 335, 356 162, 232, 297 59, 93, 206, 333 NC
98-19 335, 356 97, 135, 162, 297 59, 72, 93 134, 152, 333 NC
98-53 NC 97, 135, 162, 297 93, 206, 392 343, 348
08-81 335, 356 97, 135, 162, 297 59, 72, 93 134, 152, 333 NC
98-125 335, 356 97, 135, 162, 297 59, 72, 93 134, 152, 333 NC
99-32 335, 356 97, 135, 162, 297 59, 93, 206, 333 NC
99-98 335 356 97, 135, 162, 297 59, 72, 93 134, 152, 333 NC
99-158 335, 356 97, 135, 162, 297 59, 72, 93 134, 152, 333 NC
99-188 335, 366 97, 135, 162, 297 59, 72, 93 134, 152, 333 NC
vaccine strain NC 97, 162, 432 03, 206, 392 343, 348
Cv7717 59, 632 97, 162, 432 206, 485 343, 348

The fragment sizes (bp) were calculated on the basis of nucleotide

sequencing data.

*1

Not cleavaged (691bp).
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Fig 4 Restriction fragment length polymorphism (RFLP) patterns of the
amplificd partial N gene of PED virus digested with 7ru9 1. Lane 1
and 17 : 100bp DNA ladder, Lane 2 : 97-128, Lane 3 : 97-138, Lane
4 1 97-151, Lane 5 @ 97-160, Lane 6 ! 98-14, Lane 7 : 98-19, Lane 8
1 98-53, Lane 9 : 98-81, Lane 10 @ 98-125, Lanc 11 : 99-32, Lane 12
T 99-98, Lane 13 @ 99-158, Lane 14 -~ 99-1838 Lane 15 : Japanese

vaccine strain, Lane 16 : CV777 strain
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600

Fig 5. Restriction fragment length polymorphism (RFLP) patterns of the
amplified partial N gene of PED virus digested with AspLE]1. Lane
1 and 17 : 100bp DNA ladder, Lane 2 * 97-128 Lane 3 : 97-138,
Lane 4 @ 97-161, Lane 5 : 97-160, Lane 6 @ 98-14, Lane 7.: 98-19,
Lane 8 @ 98-53, l.ane 9 : 98-81, Lanc 10 @ 98-125, Lane 11 : 99-32,
Lane 12 : 99-98, Lane 13 @ 99-158, Lane 14 : 99-188, Lane 15 :

Japanese vaccine stramn, Lane 16 : CV777 strain.
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600 |

Fig 6. Restriction fragment length polymorphism (RFLP) pattems of the
amplified partial N gene of PED virus digested with Hgal. Lane 1
and 17 : 100bp DNA ladder, Lane 2 : 97-128, Lane 3 : 97-138, Lane
4 1 97-151, Lane 5 @ 97-160, Lane 6 : 98-14, Lane 7 : 98-19, Lane 8
D 98-53, Lane 9 @ 98-81, Lane 10 @ 98-125, Lane 11 @ 99-32, Lane 12
T 09-98, Lane 13 : 99-158, Lane 14 : 99-188, Lane 15 : Japanese

vaccine strain, Lane 16 @ CV777 strain.
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Fig. 7. Restriction fragment length polymorphism (RFLP) patterns of the
amplified partial N gene of PED virus digested with MspR9 1. Lane
1 and 17 : 100bp DNA ladder, Lanc 2 @ 97-128, Lane 3 : 97-138,
Lane 4 : 97-151, Lanc 5 @ 97-160, Lane 6 : 98-14, Lane 7 @ 98-19,
Lane 8 * 98-53, Lane 9 : 98-81, Lane 10 : 98-125, Lane 11 : 99-32,
Lane 12 : 99-98, Lanc 13 : 99-158, Lane 14 : 99-183, Lane 15 :

Japanese vaccine strain, Lane 16 : CV777 strain.
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10 20 30 40 50
PED138 GGTGTAACAT CACSCGATGA CCTGGTEGCT GCIGTCAAGG ATGCCCTTAA
PEDLBL i ieaamaarae eeeeeeaan wraaeeeees dataiaveaes
PEDIG0 e ceeeaiaaan 1
PEDIVAC LAAG L e S T T oieenaas.
O S A....

60 70 80 90 100
PED138 ATCTTTGGGT ATTGGAGAAA ATCCTGACAG ACATAAGCAA CAGCACAAGC
PEDIBL it venaveeee eeeaaania aareaereee seaassaaas
PEDI6O e e C.... T.. B.T..TT... ..... GC, ..
BEDIVAC it i iaeaaans € SN G....
O T Goooooin i 8....

110 120 130 140 150
PED138 CTCAGCAGGA AAAGTCTGAC AACAACGGCA AAAATACACC TAAGRAGAAC
PEDIS1 SO B T ridslT .= Fod S sl P il "R TR IEET
PED160 A S I o SO I3 T S R L L
PEDJVAC A e LB VAL L e
o777 DA s L

160 170 180 190 200
PED133 AAATCCAGGG CCACTTCGAA GGAACGTGAC CTTAAGGACA TCCCAGAGTG
PEDISL iiiiiiin veenesaees e eeeen e A
PEDIBO L iiiies eeeeeeen ciissaiees aaaas A
PEDIVAC L iiii. iiiiiieen saaeeaeees s CLA s
V777 A

Fig. 8 Comparison of nucleotide sequences for the partial N gene of the
three Korean field isolates (PED 138, PED 151, PED 160), Japanese
vaccine strain (PEDJVAC), and CV777 of PED virus.
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PED138
PED151
PED16O
PEDJVAC
V777

PED138
PED151
PED160
PEDJVAC
cvTT7

PED138
PED151
PED160
PEDJVAC
cvr77

PED138
PED151
PED160
PEDJVAC
cvT77

210 220 230 240 250
BAGGAGAATT CCCAAGGGCS AAAATAGCST A_GAGCTIGC TTCHGOCC-A

.............................. GC,...... .....A..C
........................... GC....... .....A..C

260 270 280 290 300
GGEEGGEGCTT _AGAAATTTT GGAGATGCGG AGTTIGTCGA AAAAGGTGTT
............ T
............ S
.......... Colh i s A
Ao, CA LG, e Aol

310 320 330 340 350
GATGCGTCAG GCTATGCTCA GATCGCCAGT TTGGCACCAA ATGTTGCAGC
...... O
............................. Tt
................................ Goeie e
................................ Ao ool

360 370 380 390 400

ATTGCTCTIT GGTGETAATG TGECIGTTCG TGAGCTAGCE GACTCTTACG

..................................................

Fig, 8 Continued
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PEDL38
PED151
PED160
PEDJVAC
cvTT?

PED138
PED151
PED160
PEDJVAC
cv777

PED138
PED151
PED160
PEDJVAC
cv777

PED138
PED151
PED160
PEDJIVAC
cvrr?

410 420 430 440 450
AGATTACATA TAACTATAAA ATGACTGTGC CAAAGTCTGA TCCAAATGTT

....... & |
3 T
........ 5

460 470 480 490 500

GAGCTTCTTG TTTCACAGGT GGATGCATTT AAAACTGGGA ATGCAAAACC

T T.T.T...
.............................................. T
510 520 530 540 550
CCAGAGAAAG ARGGAAAAGA AGATCAAGCG TGAAACCATT CAGCAGCAGA
....................... S o
..... L e C
....................... S i
........... A.............06.T.......C
560 570 580 590
ATGAAGAGGT CATCTACGAT GATGTGGGTG TGCGATGTGA TGTGAC
......... R R ¢
....... Y « O <
....... c AT LG c..C.. A
......... O o o

Fig. 8. Continued
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10 20 30 40 50

PED138 GUTSRODLVA AVKDALKSLG IGENPDRHKQ QHKPQQEKSD NNGKNTPKKN
PED151 GVTSRDDLVA AVKDALKSLG IGENPDRHKQ QHKPQQEKSD NSGKNTPKKN
PED160 GVTSRDDLVA AVKDALKSLG IGENPDRLIQ QQOPKQEKSD NSGKNTPKKN
PEDJVAC (M_SRDDLVA AVNDALKSLG IGENPDRHKQ QOQKPKQEKSD NSGKNTPKKN
Cv777 GVTSRODLVA AVKDALKSLG IGENPDRHKQ QQKPKQEKSD NSGKNTPKKN
60 70 80 90 100
PED138 KSRATSKERD LKDIPEWRRI PKGENSV_AC FG_RGG_RNF GDAEFVEKGV
PED151 KSRATSKERD LKDIPEWRRI PKGENSV_AC FG_RGG_KNF GDAEFVEKGV
PED160 KSRATSKERD LKDIPEWRRI PKGENSV_AC FG_RGG_KNF GDAEFVEKGV
PEDJVAC KSRATSKERD LKDIPEWRRI PKGENSVAAC FGPRGGFKNF GDAEFVEKGV
cv777 KSRATSKERD LKDIPEWRRI PKGENSVAAC FGPRGGFKNF GDAEFVEKGV
110 120 130 140 150
PED138 DASGYAQIAS LAPNVAALLF GGNVAVRELA DSYEITYNYK MTVPKSDPNV
PED151 DAPGYAQIAS FAPNVAALLF GGNVAVRELA DSYEITYNYK MTVPKSDPNV
PED160 DASGYAQIAS FAPNVAALLF GGNVAVRELA DSYEITYNYK MTVPKSDPNV
PEDJVAC DASGYAQIAS LAPNVAALLF GGNVAVRELA DSYEPTYNYK MTVPKSDPNV
V777 DASGYAQIAS LAPNVAALLF GGNVAVRELA DSYEITYNYK MTVPKSDPNV
160 170 180 190 200
PED1 38 ELLVSQVDAF KTGNAKPQRK KEKKIKRETI QQONEEVIYD DVGVRCDV, .
PED151 ELLVSQVDAF KTGNAKPQRK KEKKIKRETI QOONEEVIYD DVGVRCDV, .
PEDL&O ELLVSQVDAF KTGNAKPQRR KEKKIKRETS QQANEDVIYD DVGVRCDV. .
PEDJVAC ELLVSQVDAF KTGNSIPQRK KEXKNKRETT QQONEEAIYD DLGVPSDE. .
V777 ELLVSQVDAF KTGNAKLQRK KEXKNKRETT LOQHEEAIYD DVGAPSDV,,

Fig. 9. Alignments of predicted amino acid sequences for the partial N gene
of the three Korean field isolates, Japanese vaccine strain, and CV777

of PED virus.
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Table 5 Comparison of nucleotide sequence homology for the partial N gene

of the three Korean field isolates, vaccine strain, and CV777 of PED

virus,
Nucleotide Sequence Homology (%)
Samples
97-138 97-151 97-160 vaccine Cv777

97-138 = 99 96 94 95
97-151 99 T 9% 94 96
97-160 96 96 - 93 95
vaccine 94 9 93 - 9%
CvT71 95 96 9% 96 -
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Table 6. Comparison of amino acid sequence homology for the partial N gene

of the three Korean field isolates, vaccine strain, and CV777 of PED

virus.
Amino Acid Sequence Homology (%)
Samples
97-138 97-151 97-160 vaccine cvTrT

97-138 i 98 94 90 92
97-151 98 i 9% 90 92
97-160 A 96 - 89 01
vaccine 920 90 89 - 94
Ccv7T7 92 92 91 94 -
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V. Z

A AAPE §4, M2 5F7) AW, ZEY {HAE AW HE
AE AN g & HHE gsie AW Rl &3 ¢ dEdME
TAZNE FHLE AT HAWHLE A% Hrt AGeo vid AEre A=
o] dApg o Q3] HAEE Aoz FAHATH ¥ F(1998)9) H1d 9Fd
96-97d A= A AAAZ upoly o] HA A F 48% S A dHH
A EBE 71AF o3 AAMEYg g8 Mg Fu Jdx Busgct &
& PED¥ 19929 =d ¥Ao] FA4H ojF 2 mjd &Aooz LA o
9, AE HAL T o122 AT BAAR &Aool Uiste FEdAd A4d AHE
F2 QT dAe.

A=o) wpolal g AAME FAEIF #3 TAA F453 AsEo] Fdy
A =Tl 2992 TAE M= vold29 AlH {& AT e
ARG 712LQEzX7E Yesty, ofd waE A dAA e g A& A
Aol g-tHo] A vt PED 9 JAdE HAME 5o 3EEA 7
Ag o) 8t Y A=8) FAEAET 2T ERE vpolH 2 JYUE TR
FaegAYe] /Mg Wol o] g HI glon, AARANAE o) &3 A A F
A Q4PA ooz HsA AGE = vk 2, ZFAREY P23
A[AAZIHE B@geid wet Seo] 348 B 5 e FEEI L4EHUS
A HAMARZE EHY ASds FFFAEES o8 Ade] Erhe3id
T, AR AYH2 coronavirus®] 570 spike’l E4HW #elo] BrMEd
o FAHYEE TGE vius$t PED virus® 22 & givt:E g 9o, 2
4 AE EE B 322 NEAEd HFstd wpolgag A B¢
Se]#Q CPEE vgiEz g 7bestt AAH o2 PED virusg AEw
Fo2 28 FAHSE AL FI9) o ew, Mgl tEddets 43 BEA )
¥ Zo] 7teEtr] Wi FAAA B NLol SFHeEN NEF AT
W8 gloke 98] A (Pensaert, 1999). WA, 2= A Ay
= PED virus®] A& FW3E PCR 71¥S Avd 2o A&sin 9o A
d3ez 10" TCIDwm - 10° TCIDsy/m¢ & 7}7kA] wpolel 2o ib-g HEY

yls

lo
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4 glen =@ AFFAN AF F 19%e AZo] sEttn wasol oy
Al A

2 dFAME coronavirus3 WolZt A ¢t HQ §91< N gene FHAA
primer set® ZAL3HD olF ¢|&F PCR 7IY¥e &H3vh Coronavirus®
N gened 72 FAAF H LA WHolrl & HY o], vlo]z{2e TEd HE
o} = N protein®} encoding® viral mRNA7I Bo] 2#8 57 &4 PCR 7|¥&
o] & HHA FFHol BolF Rz B|dETH(Siddel T, 1983; Kubota %,
1999). %8 primer set®: ©]#3 4 PED virusE o= PCRE AA% 2
#, 691bpe] PCR FFAES YT 4 dNen Fd A3 A vlejg]ay
A& f2et= TGE virus® porcine rotavirusdl A& E0)4 ¢ band’} A&
A ol 2 BoldE 9FE + ANAHFig. 2). EF ofs] T AR df3
HEAAE A9 TUT BASZ L& F Ao, & 744 HHE PCR V)
HE HA oke] HEE AF AHEA AW S AFRE A & U} 9o
A Z7) A4 B =g F A0R Asgnh

PED of9| uio]lE|x2] BEAE EA37] 938t oA LA PED 29 &
o) €9 =& LFAEEZFY RT-PCRE dAd) PED Hle]212 2] N gene ¥
& FFANLFig. 3), °ol& 4F AVELE o] 43 RFLP ¥4 4A%
o™, w3 RFLP patternd] @&} £ xolF e oke) LAFH o
AAE F7IME R otulet ME A4S AN o)& BEF Z HAFS
WA go. BEF CVTI7L 19783 2o $A$ PED A=A &
2] ¥ ¢l 31 (Pensaert$} DeBouck, 1978), o]% AlEuj<d AFse AW F42
uho] 2} 2 o) (Hofmann# Wyler, 1988), 94& #HAFE 19833 L& 7lnA=d
oA Eel¥ 83P-5 strain® E 1996 FE UBA dpyyoz FHriso
AL F vrel# 22 @A IFud FUH A8HL M (Kuwahara 5, 1988;
Kusanagi &, 1992). welx = ofe] AT BESF 9 AR WYAF {34
Zte] th¥ RFLP pattern, fr-32F 97149 2 opnxit L9 njm B4 e F
JHAYZE BE YAAEE vpol 2 NS {FE nAsted 9971 o
& Re e woE
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WA RELP EMM, A%EAL Trugdl HeldAE ZE oF9 24T/ E&
Z 2 BNFgE= PEEE RFLP patternd B G vHFig. 4). oks] @AF 74 ¥
LA R 08-14(162, 232, 207)F A7 12719 LAF7E FE- FOT, 135
162, 207 Webd wbdol AXe] 48E BEF YAFE of9] BTG 7
A N2 2 e JEMNACHYT, 162, 432). mebA], A@EL Trud |
g o]&T A WAFY ofs) WAFLR Fdo] I FeE AsHY, 4
A oA W wojFzd ¥ FAL AT AG o]F ok vl
date Ao s HoEA AnAY EFS 9 F gleg Ao JUHY A

=

£

A|ES AspLE1 3 Hgal HAHANMET 409 ke 2AFE A Wi &
o] ofs] WAFEI WAF P FEF FEHE & $FE YA Fig 5
& 6). AspLE1 AT o9 A F 97-128, 97-138, 97-160, 98-53°]
AFot A ATEL: AARH7 EAFA ol Ao 27 691 bpE BRI
o} v g e] ofe] BAFME T P57 Ause] B2 RFLP %
44335, 357)¢ YE iRtk Hegal AZOAAE i/t =2 9 4719 ofg) A
Fo HAF 2 FEFAM 2L AFELE: AENEYe EAZ T FI(343
348)5 VERAR oW W) 979 ofg] wlelElaE AREL ATFHTT SA
&) e 9 band(B91l bp)E E AT o] 2Fe] AgEL AHPdA HuF9
YT YL HQ ofe) YAFF 97-138, 97-160 1 ThE FFE B3 of
9 wAFF 97-151¢ daiM T 9r71A9 £ & AAste A HE 4S8
N E3A

AFEA MspRIl ANME o7FA S e FF S Vel A (Fig. 7). 274
o) oke] WAF, F 97-160, 98-53& WA F g FUF PAHO3, 206, 392)& BA
v}, 97-128, 97-138(72, 93, 134, 392) ¥ 3 98-53, 99-32(59, 93, 206, 333)& A
A% YR ope] dAFAM M2 FAF RFLP FAHG9, 72, 93, 134, 152, 333)
& JErRIT

oke] AT 97-160, 98-53& 3F 9] AFVEL AZA WAF} FdE A3
Z Vel 28y R Ee oks) AAFE ¥ NAF9} RFLP patternd]
2lojA e xte]= Bk (Table 4). Kubota 5(1999)€ 19933 =q] 2eld
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ZU B F & o9 AT N gened Wt 3F9 AFEA(Dral,
EcoR1, Pst1)& ©]&3% RFLP 24X Mz $48 ¥4& 28dva 213
of B AFA AMEE AMFEL 93 RFLP #4 Fie doldt AAE B
th o) AMEE AT Aol WE AAY & QJou 5 AT &
9o gr7|MYd v WA E Kubota 5(1999)2 100% X &= ALz B
&3 glol B 479 947144 BAAE AR FOoEZ o diEye F
chofg BEMo] g 7o At

g $AFre) RFLP #4044 97d5s} 98dE Zubo] 2% 259 989
E g 99dxe @AY Z97F A2 ©& RFLP patterng WERASITh o=
PED9 ZuW @A 43e] stdrjee B8 FU|Hoz Adsts A4rt 594
£ % 2 5o ¥ A He AEE 2ol o] T dH G

£ dtells BA9 vyt H2 LA utelg A9 97dwe) {34 gl
Ztel RFLP pattern®] zte]s} @&o] & AR FHHET

I BBFY N gene 7o cid @71M L% ofrcAt £MeME RFLP
A A das 249 Td 2T 2Eln B WAFe 9rjM4EEs
EEFQ Cvr7rst vuwg A#, g7]A ¥ homologyZt 95-96%= 1}ERg o
T DAFol JdB wAFEZe) v ME D7 EL 93-94% homology, Y5
o)Xk epmeAl Qe o W& 89-90% homology® RFLP &4 A3s} vl
7FA1 2 Kubota F(1999)¢] H 1§ A&t 4eldtA yetwt}t o= Kubota %
(1999)0] w3 hde) I of) LAFI ofd Re|F=E AE F7|T A
B Fd uiele)2o]7] wjF e AEuidA- volE 2t B4 FAMY HEA 2
HE A3}E B Aoz Azdrh 28y, AZHEeR AdPozN AAG
Wolx] ZEHoF uvo]l X straint KAH A @& zeRIAE F+F A
TE E3a wEAel @ RE LR AT T AT fAx d71Md
) M= BAF i Zelzt 9lo] 96%9 99% 9] homology 2 H.olx 9
o1}, RFLP pattern®] M2 ©& 97-1383 97-151¢) 99%¢) homology2 e}
292 Ko} RFLP pattern®] zte]¢t &7 @714 4] AAAQ homology <}
T A T A8 E UBAE g3k )2 ¥ $0] coronavirus® 549
point mutation®] PED virusdl® A &H o2 HLHT gle A2 F3EY,
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PED «2tg 93 @4 AFo] ANHT ot o)d i FHAY At &
A7t Folx AR FFL BolX @3 ow WA 5 £33 =To] B 4
Holt}. o] g ANeZ PED virus7t AALS #F2dE ohE vpo]g 26 v
3 AdAge] okt FF AREE g 0 AYo] I FF oY FE
At F 5 2HYE 89%F] ANHR AT d7d dsiNE doe g2 @
F7b Agsjojol & AoltHTimoney F, 1988, 3 5, 1994). E¥ RFLP ¥4
A3 Py ok FAFIF M FAFE WYUF £ FEFY T A&
Boly 9lo] ofe] wfe]e29) RElE Fate AXWG A B ulol2x o
AE AL F o5 A4 457 i EMe] Yo oz ARHY, olF
A& wielg) 2 £8] FAYY FHo] FAHooF 3 Aoz A,

o}l B AFE %3t PED virus® 5ol +4xE FF¥ 4 AT RT-PCR
71HE FHEANL ol ok Y AEE WAFLE A&FA PED #HES =7
o Mgt AW WA EFE € FoE Algsdv SudA g 9l
PED virus9] ofe] wA)Fe] g RFLP 4% d71M4d 2 opmxit XY
A A} wpele 2t o= AE WMoyl oSS FIFT + U dF
o) F) AFE 98 BAFU} EEFEE 2 RFLP patternd YRR
o, 97143 ofnlidt 44 homologyZt Bl ol F-ASA A}olg A5
F ek 28 o] 9+ PED virus N gene d¥-%rel tialA £4% g3
ol2 2, 1 o}t coronavirus?] WS F 29t FHAME 14 9 unlo)Au}
3 HZete] 89 7)%g e T A4 Hg4e] Bodts ALR FHHE S
gened W§ RFLP 24 & 4AAl8te] ol digh A7t o WsPsojop & A
o7 AbeE Y,

lo & dr i
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v.d &

A FAd dA ulelE] 2o fATA AN ¥ #HAFSe FALH
Aol A% A HA FAF dAFoR ddE AEY W Ee &
ANES WAFE 220 BEFEYE PED wol# 29 N gene 455 F33=
RT-PCRS AAE % PCR £F4HE-2 RFLP ¥4 2 2 cleavage patterng: 1Y)
watgdow, oke) WAF(97-138, 97-151, 97-160)9 WA F9] N gene YFE4
71L& A FEFTH] F7IME E orledt MIE W TZFHAT

1. & aFoA A}43 RT-PCR 71" PED ulo]2|22] N gened Eo|xoz
A& F Ao, dA oA g Age} YA JEn BFFIE
Bl 691 bpel PED virus 9] #AA7 FEH i)

2. RFLP 24& ©]&3% cleavage pattern B @M E AFAL Trudl o2 A
398 AS T HAFE QAIF ada gEFSE AY O S
Ba HuFel zhde] MEsih T TAFOAME 98-14nte] g FHS
BT

3. NBEA AspLEI 3 Hgal &2 NIs4S A 409 ) 8F:(97-128,
97-138, 97-160, 98-53)%te] WA F9} FAF AAL B Y}l

4. A#EE MspROI 9 A$ede 5749 whokst F4L BHgew 97-160,
98-530] WAF e I FFE Eged I WAF Bd= N2 o2
¢S B

5. 97148 4 AN U LAFE BETYU CVT77# 95-96% homology &

2o PED uol#| 9o 4FHN o™ HAFo4E 93-94%9) homology§ B
Atk
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6. U ST ¥71M ¥ homologys 22t 97%$F 99%S K21}, RFLP
pattern®] M2 2 $AIF7re] homology?t 99%E Be]i $leo] RFLP &4
¢] xte)7} sequence homologydl® & d & A &tk

7. ool Al Hd BN A Sy AT dE HAFE 9214 9E homology
Bl %2 89-90%¢} homologys HSith

oj4fe] ATZM, PED uHlo]229 N gened Se°|doz FEH & s
RT-PCR 7|"o] &y len] AAl ok Algd #-835te] PED Hiojzjxe) =
o] FARE FAY + ANTE E3, RFLP £48 o] 439 ofs] dhF9 W
AFete] o] Jbed At RFLP #4434 97149 2 oprlxcsdt HME E49)
A=y oFs) 2T A2 HAFE {FASY Zejst AAHATY Tl @A
F7he]l HAdgME 471 Ed oA AdY dart X A2 & RFLP
patterns RBolx §le] PED uhe]#] 29 N genesl tajA] &2 o= wWo|st 2
D AEs FA3}A

_36—



kil

i

VI. & 31

Carvajal A, Lanza I, Diego R, Rubio P and Carmenes P. 1995, Evaluation of
a blocking ELISA using monoclonal antibodies for the detection of porcine

epidemic diarthea virus and its antibodies. J. Vet. Diagn Invest, 7:60-64.

Chasey D and Cartwright SF. 1978, Virus-like particles associated with

porcine epidemic diarrhea. Research in Veterinary Science, 25:255-256.

Chomczynski P and Sacchi N. 1987. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal. Biochem.,

162:156.

Coussement W, Ducatelle R and DeBouck P. 1982. Pathology of experimental
CV777T coronavirus enteritis in piglets. 1. Histological and histochemical

study. Vet Pathol, 19:46-56.

Dea S, Roy RS and Begin ME. 1980. Bovine coronavirus isolation and

cultivation in continuous cell lines. Am. J. Vet Res., 41:30-38.
Dea S, Vaillancourt J, Elazhary Y and Martineau GP. 1985. An outbreak of
diarthea in piglets caused by a coronavirus antigenically distinct from

transmissible gastroenteritis virus, Can. Vet. J., 26:108-111.

DeBouck P and Pensaert M. 1980. Experimental infection of pigs with a new
porcine enteric coronavirus CV777. Am. J. Vet. Res., 41(2):219-223.

DeBouck P, Pensaert M and Coussement W. 198la. The pathogenesis of an

enteric infection in pigs experimentally induced by coronavirus-like agent

_37_



CVT771. Vet. Microbiol., 6:157-165.

DeBouck P, Callebaut P and Pensaert M. 1981b. The diagnosis of
coronavirus-like agent(CVLV) diarrhea in suckling pigs. Curr. Top Vet Med.
Animal. Sci., 13:59-61.

Duarte M, Gelfi J, Lambert P. Rasschaert D and Laude H. 1993. Genome
organization of porcine epidemic diarrthea virus. Coronaviruses, Plenum

Press:h5-60,

Duarte M and Laude H., 1994, Sequence of the spike protein of the porcine
epidemic diarrthoea virus. J. Gen. Virol, 75:1195-1200.

Duarte M, Tobler K, Bridgen A, Rasschaert D, Ackermann M and Laude H.
1994 Sequence analysis of the |porcine epidemic diarthea virus genome

between the necleocapsid and spike protein genes reveals a polymorphic ORF.
Virology, 198:466-476.

Egberink HF, Ederveen ], Callebaut P and Horzinek MH. 1988,
Characterization of the structural proteins of porcine epizootic diarrhea virus,

strain CV777, Am. J. Vet. Res., 49:1320-1324.

Hirano N, Sada Y, Tuchiya K, Ono K and Murakami T. 1985. Plaque assay
of bovine coronavirus in BEK-1 cells. Jpn. J. Vet Sci., 47:679-681.

Hofmann M and Wyler R. 1988. Propagation of virus of porcine epidemic
diarrhea in cell culture. J. of Clin. Micro., 256:2235-~2339.

_38_



Hofmann M and Wyler R. 1989. Quantitation, biological and physiochemical
properties of cell culture-adapted Porcine Epidemic Diarrhea coronavirus

(PEDV). Vet. Microbiol,, 20:131-142.

Hofmann M and Wyler R. 1990. Enzyme-linked Immunsorbent Assay for the
Detection of Porcine Epidemic Diarthea Coronavirus Antibodies in Swine

Sear. Vet. Microbiol., 21:263-273.

Horvath I and Mocsari E. 1981, Ultrastructual changes in the small intestinal
epithelium of suckling pig affected with a transmissible gastroenteritis(TGE)-
like disease. Arch. Virol, 68:103-113

Holmes KV. 1985, Replication of coronaviruses. Virology, Raven Press

11331-1343.

Ishikawa K, Sekiguchi H, Ogino T and Suzuki S. 1997. Direct and Rapid
detection of porcine epidqmic diarthea virus by RT-PCR. J. o Virol
Methods, 69:191-195,

Koeatzner CA, Parker MM, Ricard CS, Sturman LS and Masters PS. 1992,
Repair and mutagenesis of the genome of a deletion mutant of the

coronavirus mouse hepatitis virus by targeted RNA recombination. J. Virol,

66:1841-1848,

Komaniwa H, Makabe T, Fukusho A and Shimizu Y. 1986. Isolation of
transmissible gastroenteritis virus from feces of diarrheic pigs in roller
culture of CPK cells in the presence of trypsin, Jpn. J. Vet Sci, 481245-
1248,

-39 ~



Kubota S, Sasaki O, Amimoto K, Okada N, Kitazima T and Yasuhara H.
1999. Detection of porcine epidemic diarthea using polymerase chain reaction
and comparison of the nucleocapsid protein genes among strains of the virus.

J. Vet. Med. Sci., 61(7):827-830.

Kusanagi K, Kuwahara H, Katoh T, Nunoya T, Ishikawa Y, Samejima T
and Tajima M. 1992, Isolation and serial propagation of porcine epidemic
diarthea virus in cell cultures and partial characterization of the isolate. J.
Vet. Med Sci., 54(2):313-318.

Kuwahara H, Nunoya T, Samejima T and Tajima M. 1988. Passage in
piglets of a coronavirus associated with porcine epidemic diarrhea. J. Jpn
Vet. Med Assoc, 41:169-173.

Kweon CH, lLee JG, Han MG and Kang YB. 1997. Rapid Diagnosis of
Porcine epidemic diarrhea virus infection by Polymerase Chain Reaction. [

Vet. Med. Sci., 59(3):231-232.

Lai MC and Cavanagh D. 1997. The molecular biology of coronaviruses.

Advances in Virus Research, 48:1-100.

Linda JS. 1993. Coronavirus immunogens. Vet. Microbiol,, 37:285-297.

MecIntosh K. 1985, Coronaviruses. Virology, Raven Press:1323-1330,

Moon HW. 1978. Mechanisms in the Pathogenesis of Diarrhea: A Review.
JAVMA, 172:443-447.

Oldham ]. 1972. Pig Farming. Oct. suppl., 72-73.

_40_



Paul PM, Halbur PG and Vaughn EM. 1994, Significance of porcine
respiratory coronavirus infection, Continuing Education Article #, 16:

1223-1234

Peng D, Koetzner CA, McMahon T, Zhu Y and Mastas PS. 1995
Construction of murine coronavirus mutants containing interspecies chimeric

nucleocapsid proteins, J. Virol., 69:5475-5484,

Pensaert MB and DeBouck P. 1978. A new coronavirus-like particles
associated with diarrhea in swine. Arch Virol, 58:243-247.

Pensaert MB, Callebaut P and DeBouck P. 1982. Porcine epidemic diarrhea
(PED) caused by a coronavirus: Present knowledge. Proc. Int. Congr. Pig
Vet. Soc., T52.

Pensaert MB., 1999. Porcine Epidemic Diarrhea. Diseases of Swine Sth ed.,
Chapter 16:179-185,

Pijpers A, van Nieuwstadt AP, Terpstra C and Verheijden JHM. 1993.
Porcine epidemic diarrhoea virus as a cause of persistent diarrhoea in a herd

of breeding and finishing pigs. Vet. Record, 132:129-131.

Siddel S, Wege H and ter Meulen V. 1983, The biology of coronaviruses. J.
Gen. Virol, 64:761-776.

Storz J, Rott R and Kaluza G. 1981, Enhancement of plaque formation and

cell fusion of an enteropathogenic coronavirus by trypsin treatment. Infect
Immun., 31:1214-1222.

-41 -



Struman LS, Richard CS and Homles KV. 1985. Proteolytic cleavage of the
E2 glycoprotein of murine coronavirus: activation of cell-fusing activity of
virions by trypsin and separation of two different 90K cleavage fragments. J.

Viro, 56:904-911.

Takahashi K, Okada K and Ohshima K. 1983. An outbreak of swine diarrhea
of a new-type associated with coronavirus-like particles in Japan. Jpn. J.

Vet. Sci., 45(6):829-832.

Thake DC. 1968. Jejunal epithelium in transmissible gastroenteritis of swine:

An electron microscopic and histochemical study. Am. J. Pathol., 53:149-168.

Timoney JF, Gillespie JH, Scott FW and Barlough JE. 1988.  Porcine
Epidemic Diarrhea. Hagan and Bruner’s microbiology and infectious disease

of domestic arimals 8th ed., pp. 897-898.

Tobler K, Bridgen A and Ackermann M. 1994, Sequence analysis of the
nucleocapsid protein gene of porcine epidemic diarrhea virus. Coronaviruses,

Plenum Press:49-54,

Turgeon DC, Morin M, Jolette J, Higgins R, Marsolais G and Difranco E.
1980, Coronavirus-like particles associated with diarthea in baby pigs in

Quebec. Can. Vet J., 21:100-101.

Van Niuewstadt AP and Zetstra T. 1991. Use of two enzyme-linked
immunosorbent assays to monitor antibody responses in swine with
experimentally induced infection with porcine epidemic diarrhea virus. Am. J.
Vet. Res., 52:1044-1050.

- 42 -



Vogelstein B and Gillespie D 1979. Preparation and analytical purification of
DNA from agarose. Proc. Natl Acad. Sci., 76:615-619.

Wood EN. 1977. An apparently new syndrome of porcine epidemic diarrhea.
Vet. Rec., 100:243-244,

Yaling Z, Ederveen ], Egberink H, Pensaert M and Horzinek MC., 1988
Porcine epidemic diarthea virus(CV777) and feline infectious peritonities

virus(FIPV) are antigenically related, Arch. Virol, 102:63-71.

Zegw), P33, aYE 1994, X 734 AAHporcine epidemic diarrhea): &
A s, Wel g 2 3Gy, g ) AR3] 7], 31:38-56.

AEd, AW 5T, A & 2FF, AT, AEY. 1998 LA AELZREH
A FRBAd dArs vholelx Ze). divr ) 83, 38(3):71.

A, A¥E, FUA, 7193 F%3E, FoH, olAA, g 1993, HA #-3
A AA} vio]lE] A(porcine epidemic diarthea virus)el U] 285 ZAd @&
A, g2 8}3] 2], 33(2):249-254.

A, AYE, Zgul, ot 1994, A FPA HA gelHx Y BEF
(KPEDV-9)9] Alx ZFANA R IAHEH A8 zAl gigr+9sH8%] 34(2):321-
326.

Fd, HE, AAE 1997, 715 AW A, o] F WORLD, 81-92.

g, 23, A4, 1993 HX #¥AY HALF delx9 RBEFAR. deT
2] AF3] 7], 29:360-365.

..43_



vt 2 o]A.g 1997, In situ hybridizationd] 2] H A #3A3 HAES e
A 933 A, glghse9l$H3 =] 37(4):809-816.

BT, ¥Ae, FAF, AeY, A 1998 HAA FHA HANE(porcine
epidemic diarrhea)e} AAjstel hd FAHH F9. of #5253/ %], 38(4):818-
822.

WA, Fd¢, A2, FAE, o1 %E. 1998 2 A= LA WARH
T FENEY THTFAF=E4, 40(1):26-31.

B3, AAE, JFs, Wi, &, 41, 4338, &89, Ackermann M.
1994. A FBY AT HZ 28 T FEYEFH FAHFI =8,
36(1):587-596,

- 44 -



Genetic Analysis of Porcine Epidemic
Diarrhea Virus (PEDV)

Field Isolates and Vaccine Strain

Chang-hee Lee

Department of Veterinary Medicine
Graduate School, Cheju National University
Cheju, Korea

(Supervised by Professor Du-sik Lee)

Abstract

Genetic characteristic and restriction fragment length polymorphism (RFLP)
pattern of the porcine epidemic diarrhea virus (PEDV) encoding partial
nucleocapsid (N) protein were determined using 13 field samples collected
frrn nationwide during 19971999 in Korea. These samples were examined
to ¢.,uim PEDV antigen by direct immunofluorescent antibody (FA) test
using monoclonal antibody to PEDV.

Partial N gene was amplified by reverse transcription polymerase chain
reaction (RT-PCR) using a specific primer set to PEDV. RFLP pattem was
analyzed by restriction endonuclease digestion with Tru9 1, AspLEI, Hgal,
and MspR91. RT-PCR condition was optimized and 691bp of expected
PEDV specific DNA fragment was amplified from field specimens, FEDV
CV777 strain, and Japanese vaccine strain. With the exception of PED virus,

no DNA product was detected from other swine enteric viral pathogens such
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as transmissible gastroenteritis virus (TGEV) and porcine rotavirus.

RFLP patterns of the 11 field isolates using AspLEI, Hgal, and MspR9
1 were different from Japanese vaccine strain, but 2 isolates obtained from
field outbreak showed the same migration pattern with Japanese vaccine
strain. All 13 Korean field isolates could be differentiated from Japanese
vaccine strain and CV777 strain by RFLP analysis of the amplified N gene
using 7ru91 restriction endonuclease. RFLP patterns of the 1997 outbreak
were different from those of the samples collected in 1998 and 1999. It may
indicate that there are some ongoing mutations in the field.

Nucleotide sequences and amino acid homology of 3 field isolates were
analyzed by comparing sequences of the prototype PEDV strain CV777 and
Japanese vaccine strain. Homogeneity of the field isolates was 95% with
CV777 and 93% —~94% with Japanese vaccine strain, respectively. However,
nucleotide sequence homology among field isolates was 96—99%, which
indicate that these isolates are more closely related to each other than that
of the CV777 and Japanese vaccine strain The relationship between sequence
homology and RFLP pattern was independent in this study.

In conclusion, PEDV specific nucleotide was successfully amplified and
considered to be a rapid, sensitive, and specific diagnostic method for the
identification of PEDV infection in pigs. RFLP analysis of the PEDV
nucleocapsid gene may a potential promising tool to distinguish a field strain
from vaccine virus unless mutations alter a sequence at the corresponding
sequences of the restriction sites. Partial sequence analysis of the PEDV N
gene obtained from field outbreak of the PEDV infection revealed progressive

mutations in the PEDV genome.

Key words : PEDV, RT-PCR, RFLP analysis, nucleotide sequence homology
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