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Abstract : To detect the genetic variations among infectious bursal disease (IBD) vaccine strains, the
hypervariable region of VP2 gene of seven IBDV vaccine strains were amplified using reverse transcriptase/
polymerase chain reation(RT/PCR). Amplified PCR products of IBDV were cloned, sequenced, and compared
with published sequences for IBDV. Vaccine strains (JOONG, HAN, B7, IB, BU2, G2, CIL) used in Korea
and Korean field isolates (SH/92, K1, 310) had 81%(310 and HAN) ~ 98%(SH/92 and CIL) amino acid
sequence similarity. Vaccine strains had 80%(HAN and IB) ~ 99%(JOONG and BU2) amino acid sequence
similarity. Intermediate plus vaccine strain, CIL was not substituted at positions 279(D —N) and 284(A —
T), and conserved in serine-rich heptapeptide. At the two hydrophilic region, JOONG, IB and BU2 strains
had identical amino acid sequence comparing with STC strain. By phylogenetic analysis, JOONG and DAE
strains were categorized in same group with BU2. The CIL and STC strains closely related but seperated

from G2, HAN, B7 and IB strains.
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A F g (infectious bursal disease, IBD)S 3~6F
% g o]d gl F\d(bursa of Fabricius)ll & £4-2
doA Ay JA9} AlE F& A3}, FAE T, HA
& F712 AAFHSE FANAC dzs &4 2
she HPAo] B FAWow AYPA Fy vlojgla
(infectious bursal disease virus, IBDV)7} f1<1ajo]c},

IBDVE Birnaviridaeol < 38}+ Avibirnavirus©] ™
segment A9} BS} F sl BHE o] FoZ, double-
stranded RNA H}ol 2] 20|t} Segment A(3.4 kilobase
pairs, kb)= 3v+e] 71 3039 base pair(bp)2l open reading

frame(ORF)3 71 ORFY] 5" Z&& overlapping 3=
438 bp2] 3 ORFE 7HItE. 71 ORFE VP2(37~40
kiloDalton [kD]), VP4(24 kD), VP3(32~35 kD)& }+o]
] 110 kD] precursor polyprotein (NH,-VP2-VP4-VP3
-COOH)Z 3 TH, VP29t VP3E IBD njolai 29
F9 T AR o] F VP2 IBDVY F8 S5
ol oz FPAE K=k 89275 7] (epitope)
£ Xt %, VP4 Tl g Balsle 549
7re thilgolt}®, 2 ORFE VPS(17kD)E sk
o), IBDVell ZHHE A ZEoA Tt el vipzd o
W2 A FEuefel A nlojel 2 EAo] HaFed A
olUA R, HHAdE doded Fa% 488 g
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3 4B A3 AT, Segment B(2.7 kb)E viral RNA
polymerase® ¥ VP1(90kD)yg 2@ glc}s,

IBDVE ¥ 789 serotype(serotype 13 2)0 8 785
cdf, Az A Eeld serotype 2= AWZR, o 2%
o HYgel gl whd, gl HYAel e serotype 1
< Ao Wol9t WAl W classical virulent
strain(¥.F ), attenuated strain(2F*3 Y43 3), antigenic
variant strain(#°]F)} very virulent(vv) strain(d 94
o2 FEAG BEFE 2EE Bl Fde 9
58 o712, A% HEFAY X HAA 9} HAL
E dork dutz oz FAgL #gE A 39 ol
o Harof o]2At, 8~10Y7IR X HAl7L AldEle] A
A A2 20~30% 71 HAREo] EolRHO, ehEAA
F Aol A-fotM Eut T2 cell lineol] i3t vlo]
22 HdAo] glo] i Alnfolz| 2 wiale g ol
SEG. AT FYFH o8 BEF FAEA
g IBDS A<l HHE Yoy|n, ¥ FF9 A
oA E 717 A AME #HAHEo] 60~100% 7HA]
HAE AR AT Ae 5o FE R
Ao|PFAE Y2 Holz|ME HAy} BdYstueg
attenuated WA B o} B o] 7}E intermediate L
intermediate plus WAo] 4o A =Tt #lolF= ¥F
Foll gt FEH TAF3EA ol BEEFE A F
" 71& Wil o ool ojgen, Hilke Ao A=
A kot Fygo] 9% glo] 43t %o s AHAAlE
YepdoH45 BDVe] 2]k Hollae] B gale ta
Zdel i 724 =4 sl g gy YAl &
HE g,

IBDVE 5 719] serotype® ¥ 71<] antigenic subtype
o] 9lo] wiAl A0 2 IBDE Holdhs AL A &
o}, Serotype 19] 573 antigenic subtypel 2 A&
%, 34 vto]2] 27} serotype 19] ThE antigenic subtype
¥ o IBDE 3 Wol¥ e A& gl a3
22 A4 gol AREA e 3¢ £A8= BDV
©] antigenic subtypedll = AT HAle] Meo] o] &

oo} IBDS] A #4<l oo 7Fssith. 1987 W7
AolA 7P A7 Ve ol DEAe] e WAl =
2a3E weed B2 ojEgo] o] sit) okl
ALHOE AR vl AE HEFH o E ol
ofzl e AL Wadel Frkel BESA 2% N2
Hpol2ln F8e-& HAAFE vholgAe] WHolst 1
Helolw, A AME-3lT e Wale]l Ad7t gAY,
YA ARGo 2 HAo]P e ZHdo] dojubr] HE
ol

IBDV] antigenic subtype& Al EujjoFolu} A e]oletol
2] FIAY, B WA FHAHF 972 23S
A HZo= BDV 249 G380 reverse
transcriptase/polymerase chain reaction(RT/PCR)E ©]-8-&}
3L, RT/PCR product®] AM|g G4 #4202 2} strain 7+
of Je4E 7EE & U IBDVY] F8 T @Y
A<l VP2E hypervariable region®l 4%+ 32 mutation®]
ofit, o] B9l IBDE <sly] €% BDVY 34
A YA B4 FHshet o] g5 o] strpsien

& ATt oA ARS-F¢l IBD BA13S] VP2 gene
2] hypervariable region® RT/PCRE Z-Z3}4 cloningdt
F A7 IMEE BAsk, e Bels 9 AR
Hla - B4g B9 7} strain 7209) 94 2 WA
Hol§ #olsle IBDE H&2o 2 owralr] 93 W)
A Adee] A3g vl Y0}

e ¥ Uy

Infectious bursal disease(IBD) vaccine strains
el A ALEZFQ AL TG 2F, A 5%)9
IBD Ajujo]e] 2 wialg & o) M-8 THTable 1).

Viral RNA 2| &3 HX|

IBDV W18 532 phosphate buffered saline (PBS,
pH 7.2)22 B-{AI7 08, 34 chioroforme &
& 42 F 12,000 RPMo A 287+ 41 8-2] 3151 th RNA

Table 1. Infectious bursal disease vaccine strains used in this study

Designation Vinulence Trade name Origin

JOONG A* TN I T

HAN A g EATS

B7 A Bur-706 Merial, France

IB A IBD BLEN Merial Select Inc., U.S.A.

BU2 1 Bursine-2 Fort Dodge Animal Health, U.S.A.

G2 I GUMBORO 2 12O S.p.A, Italy

CIL I Plus CEVACIBD L Phylaxia-Sanofi Vet. Biologicals Co. Ltd., Hungary

* . A = attenuated, I = intermediate.
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9] &3 FAE Kwon er aP'e) ¥PHol wlat AA)s}
Ak AEF4E AN dHAFEYN &7 F 2% sodium
dodecyl sulfate(SDS)$} proteinase K(250 pg/mHE H7}3t
o G F, 55°C FEA sE HEE e
acid phenol(pH 4.0)3} chloroform : isoamyl alcohol(49:1)
£ A7l A"E 3 d2olla 1587 A& 2
TS 12,000 RPMOIA 20871 941288 & Jaae
Al 4 FHe] W3 chloroform : isoamyl alcohol(49:1)
< H7FES vortexdled 12,000 RPMollA] 287 914
28t RNAE F&34t}h %€ RNAE RNaid®
kit(Bio101 Inc., USAYE ©]-8-8f Al o, diethyl-
pyrocarbonate(DEPO)E. X 2] $F P+t 5/ 59l RNAE
B3 F cDNA §Adol ol g&sit),

Oligonucleotide primers

IBDVS] VP2 gene® hypervariable region2 2%3}7]
AN3te] AME-%E primerss Lin et al'®o] AFEE A3 §
U3 HOZ P2.3(5-CCCAGAGTCTACACCATA-3)3%}
RP5.3(5-TCCTGTTGCCACTCTTTC-3)-& oA &
‘gt ALl e olge} a3 RAe 747} 738755,
1194-1211 ©1t}®, o] primers= VP2 genedll UE hy-
pervariable region®] 474bpE FE& = A AA
cDNA 3Hd3} PCReY o|-&-3l%t}.

Reverse transcriptase/polymerase chain reaction
(RT/PCR)

cDNA 3§ $8f ¥ RNA 38} &32] 100%
ethanol& ¥ -70°CellA] &k W HAAIR] % 12,000
RPMellA 2087 94 28t 4548 A
%, AFAZ7/(MAXI dry plus, Heto, Denmark)g 712
% T3 90% dimethyl sulphoxide (DMSO)E T3t 3
ZHES 431771 ¥ DNA thermal cycler (Perkins Elmer
Cetus, US.A)YE ©]-83}o] 98°CollA sE-7F whg-A)zl &
2ol A 28 5 AR A2s RNAC 5w
9} 10XPCR buffer(500 mM KCl, 100 mM Tris-HCI[pH
9.0], 1% Triton X-100), 1 /9] 10 mM dNTP(Boehringer
Manheim, U.S.A.), 9 2] 25 mM MgCl(Promega, U.S.A.),
0.5 /9] 0.IM DTT(GIBCO/BRL, U.S.A.), 250 ng®] RP5.3
primer, 40 unit®] RNasin(Promega), 200 unit®] Molony
murine leukemia virus reverse transcriptase (GIBCO/
BRL)E &% ¥ 50w} s17 DEPCE Aelg Hi
ZH5E ti3t ¥ DNA thermal cyclerE o] &8l 37°C
ol Al 904, 95°CellA] SE-7F WALl thE 20°Col B
3 PCRo) ARE3IYTH PCRE €8l 4813 cDNA
o] 104 10XPCR buffer (Promega), 1w/ 10mM
dNTP, 129 25mM MgCl, 250ng2] P233 RPS5.3

primer$} 2.5 unit®] Tag DNA polymerase (Promega)s T
§ F 100wt HA 2aSFrE Foksidk PCR 3
7] A o2 94°CH A 5E-, 52°ColA 18, 72°CellA
287 vEgAH o, PCR £ 8o 2 9a°CoA 1874
denaturation, 52°Col}A] 187} annealing, 72°CellA] 287}
extention2 1 cycleZ ¥ 353] AA|519 3 vix|gto g
94°Co A 14, 52°CollA 18, 72°ColA 1087 Whg-A
Zt}. ¥ PCR products ethidium bromide(10 mg/m/,
Sigma, US.A)7} 23€l 1% agarose gelollA] A7]9%F
3t %= UV-transilluminator(Vilberourmat, France)ollA] 474
bp2] PCR products #elalct.

Cloning % ¥7IMsde] &4

SFuUlel A A8-%9) IBDV WAIF9] VP2 gened)
hypervariable region®] H71XE& £4317] At 7+
zte] wialFo A F&3 viral RNAE P2.33 RP5.3
primer pair® FEHAFHh $Z¥E PCR producte
Geneclean® I kit(Bio 101, Inc)& ©]§-3tdd YAIstict.
A cDNAES pCR® 2.1-TOPO® Kkit(Invitrogen Corp.,
US.AYE AHe-3le §29381% ). Recombinant plasmid
2 competent cell transformation A17] ¥ kanamycin¥}
X-galo] F7He LB agaroll M FAEES g M=)
& LB brotholl ¥ 8 U2 mini-prep R E plasmid
DNAE el3t cDNAS] Ao 5-& 1315t} Mini-
prepollAl ¢cDNAS] 4¢del #elE cloned A9 T g7)
A& A3 913 thEke] plasmid DNAS 7] 9
3t maxi-prepg AAIEIATH

DNA 971422 automatic DNA sequencer (long read
IR 4200, Li-cor, US.A)E #4314t} #4€ WilFe]
H71EE Sl IBDV #2152 HAFe DNASIS
version 7.0 software (Hitachi software engineering Co.,
Japan)E ©] &3l AL, Y3 IBDV strain 7H
Tz g XA AR E dolr] sty
phylogenetic treeE 2P 3IATE & AFolire olul o
714 ge] wa 4t HAF g2, gt v
23 WAIF}) PBGYS”, vFe] EF intermediate WAIF
¢l BV3, ¥o|F<l DELE¥, S &2l SHM2, KI,
31073} vl 5te] &Y WANF STCH#E 9719} o}
oAke] A vl B e ARSI

«

IBDV #§43-2] VP2 gene®| hypervariable regions
P23, RP5.3 primer pair® 3-E319-2 o 2E WAlF
Al 474 bpe] BT MEr) A= on, AR 9]
9 ofmxAt MEE U9 Hals R QAFEs v
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. A
sTC SRS - 1o CAoCCOATEATTACCAATTCTCATCACAGTACCAACCAGE TEBGATAACARTCACACTOTTCTCABCCAACATTBATS
ACCT  P2.3 primer—

JOONG

1127 1137

STC CAGCCAATCACATCCATCAAACT! GGAGGTAGTGACCI’CCAAAAGTGGTGGCCAGGCAGGGGATCAGATGTCATGGTCGGCMGTBGGAGCCTAGCAGTGA

Fig 1. Nucleotide sequences of VP2 region of IBDV from positions 738 to 1211 (numbering of Bayliss er al'®) of the
vaccine strains, JOONG, HAN, B7(Bur-706), IB(IBD BLEN), BU2(Bursine-2), G2(GUMBORO 2) and CIL(CEVAC IBD L),
used in Korea, attenuated strains PBG98', standard intermediate vaccine BV3%, and Korean field isolates SH/92, K1, 3102,
U.S.A. antigenic variant DELE? compared with classical virulent strain STCZ sequence. A dot indicates where the sequence
is identical to that of the STC strain. Asterisks(*) denote a region where the sequences were not determined. The two
primers are shaded. The Acc I and Spe 1 restriction sites flanking the variable domain are underlined.
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1157 1167 1177

1187

1197

lltlltll'tlllllllltltl'tt]ll!tl(
CGATCCACBETBECAACTATCCAGBBSCCCTCCBTCCCRTCACACTASTASCCTAL
« RP 5.3 primer

Spel

Fig 1. Continued
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Fig 2. Deduced amino acid sequences of VP2 region of IBDV from positions 203 to 360 which correspond to VP2 major
immunogenic domain (numbering according to Bayliss et al'S). Presented IBDV strains are as shown at Fig 1. A dot indicates
where the sequence is identical to that of the STC strain. Asterisks(*) denote a region where the sequences were not
determined. The two hydrophylic regions(212-224, 314-324) are underlined and the serine-rich heptapeptide(326-332) is shaded.

- B4 8%ichFig 1, 2).

H7AE B B4 A Ak wialF9) JOONG strain
2 9= HYAF F IB straind} 3470¢) & Q7] 2polE
e o, BU2 straind= 93] 97i2] @719} Wsle
HJeRI T, thE 4 93] HAN strain?hs 3370
F-9ellA 2pe]& Rl ATh HAN strain®] 739 9=
HAF Z IB straind} 54712] 2 2ol el o, CIL
strain?h= 27709 A& 9719 WalE Jehiich

Hlol2ix S A& frshe 3y A7) Yxel
% hydrophilic region®] o}t 21x)o el F7]
A1g H el A B7 strain® 799(A), 781(T), 1102(T)<,
CIL strain 781(T), 1100(C)&, HAN strain 795(T)
2, G2 strain® 1098(AYS YERfo] ThE WAEF
HE AT, CIL straintF 1088(C)] X}o)8 Hoj v)j= §
% WY smind! STCE A2)g 2E sraind 2fo)
€ YERIZLE WeAo] e straindll M7 HERT T
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KI &~ ——981%

SH92 ——

BU2 97.4%
97.4%
;TENG :‘_}____ 96.6%

PBGY ——— 95.1%

92.7%

CIL 97.4%
BV3

G2

91.5%

90.9%

88.1%

DELE

85.4%

HAN

83.7%

B7

310
1B

82.5%

Fig 3. The phylogenetic tree was produced by the DNASIS software based on amino acid sequences 203-360 (numbering
by Bayliss et al'®) of the VP2 hypervariable region of IBDV strains. Presented IBDV strains are as shown at Fig 1.

%27 serine-rich heptapeptide SWSASGS2} ofu} =4t
Axe) 971449 Hl2olM IB straind PBGYS strain}
o372 1108(1)2), JOONG straind 1111(T)&], B7
< 11249 AlolrE RASHATE F hydrophilic region
9] ojmjicAil NY BlRo|M STC strain 7102 &
o} B7 strain 223(D), 224(W), 324(LyS, HAN straine
222(S)&, G2 strain 323(N)E, CIL straind 217(L)y&
vehdio] o 9AER 8 EHS, JOONG, IB, BU2
strain® STC strain?} Y3kt

Attenuated strain® A gWiH o2 YA E 279(D—
N)$} 284A—T)2) HEL intermediate WA15<] BU2%}
G204 dojt ¥ attenuated W4121 HAN strainoiA]
£ 279Dy} BEEe] U attenuated 4159} R E
3L, intermediate plus HAIFR! CILIM = F HE &
= gojulx] ol thE e wMAEe9) 2o)E ehy
At

HAN strain& 256(A), 258(N), 275(P), 278(S), 346(F),
349(D), 352(L), 353(P)2lA1, BT strain® 225(G), 226(R),
245(A), 252(F), 258(P), 259(T), 261(F), 278(E), 288(S),
313(L), 335(L)°lA, IB strain 241(R), 242(G), 245(G),
246(A), 250(P), 251(R), 252(L), 253(Y), 255(V), 256(L),
271(E), 283(P), 284(D), 292(Y), 293(I), 29%(T)NA, G2
strainS 245(V), 262(L), 294(H), 325(), 340(S)°l A, BU2
strain® 309(R)*) 4], JOONG straine 297(S)ol| 4] Th&
RE strains} FRERE 2ol E JERAT

B2 (SHM2, K1, 310) 2 #=HolF(DELE)
Al BRZEEYY serine-rich heptapeptides= 415 Foll A
intermediate plus W A15¢] CILolA B9 1, attenuated
WAIZe] HANGIME HER O] ThE attenuated 413}

FHE AT B smaind 326(S— L)l A, JOONG strain
& 327(W—L)oll A ofulesbe] WEE eI, CIL
HAN straing A 93 B& WAFoA] 330(S—R)ol A
o] HE-g eERi]T

F7IME FEA HlmAA FAF ¥AF2] JOONG
strain® )= MAIF=2} 9295-98%2] AHEAEE JERIY
T, 748 Ak WiAF<l HAN strain® 9= wAlF9}
88%~94%2] FF4-E, JOONGT= 93%9) AHsAE 1}
Efidch S Bel5(SHM2, K1, 310)9F #AIFoh=
84%~94%2] +5/3& JepAAT)

VP2 gened] ovixat MEE 7]Fo 2 3 HalFt
o] A4EA HielA =4t ¥ 41F2] JOONGE IB strain
I 1578, BU2 straind= 1719 ofv|ito] @) 90%S}
9%} 4E4 2o]E JERNUTE HAN strain 1B
strains?} 317)), CIL strain®} 15719) x}ol7} Yeh} zbzt
80%2}F 90%2, JOONG strain®+ 88%9 AE4E
BRIt S #el 5o} WAl Fe)ke] Bl o)A 310 strain
3} HAN strain, SH/929} CIL strain z}z} 29, 27)12] o}
uiito] @) 81%, 98%9] 454 m & 3JolE vt
Wl el AREEQ] 9= AAFEe] vlgoA
£ IB9} B7 strain, BU2¢} CIL strain®l A ztzb 2070, 8
Me] olv|wAt Mol get zHzt 87%, 97%2) A4S
VERR AT

Phylogenetic tree ®-44ollA], oAt M HE vigo g
gl BAollA] JOONG strain® BU2 straind} &+ Al 502
5585, o153 DAE strain2 A9} Zhe Ao &
EH5HA. CIL strain® STC strains} 3 Algo=g 2
FHAH, vk WalF2 G2, HAN, B7, IBE 24z 8
=9 A%ew BRI
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I @

£ AFoae @A) FuelA AR-E<l IBD WS
9} VP2 gene®] hypervariable region® RT/PCRE &%
3}, cloning 3 ¥, 8719} obviegt MA-S AR sl
U] Ee8j5 2 i} vn - ¥4E ) IBDVE
VP29t VP3E 59 U Re] 2 oA g A st
o] 3 VP29 hypervariable region®l A} 2 mutation©|
dof}ar, o] B9E ALe na] FRolMe 453
S 2 mutation°] Yo PR o] B9 IBDVE] H-214
B8 EAE Hyshet ojgso] gt} g v
geneS T8 = WoldYd g dFsishe Aow dE
7] 9Jof IBDV genome oA A} A7E I qups®,

H7IME HaEAolA #4F WAal3=el JOONG strain
L 9|3 WAF F IB straind NE 2 G719 2]
E Uephion, o] vy YA W415:¢] PBGOYS strain
= X lle G719 dEE vela, ge 34
WAl DAESHE 770 H$lolM A& G719 el
e 2Tl HAN straine 722 4 M A139] DAE
strain?= 30 F-jellAf =polE Jeplido) IBDV =
W E23(SHM2, K1, 310)9} MAIF=2}e] v] @4 SH/
92¢} CIL strain, 310 strain?} IB straing 714 ol
ztz} 27, 74709 B71XEe] Aol g YRl e Fu
23 5 310 strain® HAN straina} 795(T), 1139(A)oY
], BU2 strain@ 881(G)oll A, CIL strain#+= 1046(T),
1058(G) A FYF H7IMES 24T, HAN straind
IB strain?} 878(T)ollA], DELE strain¥H= 988(T)¢l| 4], B7
T BU2 strain® 842(A) A, IBS} PBGI8 straine 970(C)
oA FUF H7IAMEE Jeldo] ok IBDVS s
ok 2HBEE olF grle 7 wiFE ks ¢y
ARZ o| B F UL AR AlFHT}

IBDV strains 7+ 8914 €] ¥o|= VP2¢] hypervariable
region®l] ©}3ted AA AT, ¥ hydrophilic regiond 3}
A E sk 39 ZA79 gREAM o] Bejel W
slel 9t BDVY 414 Wol7t dojue Ao
A Aok, 3 A hydrophilic region®] o}a]iAt €
2] G714 H(765~803) Bl A STC straing 7152
E & 9 JOONG, IB, BU2, G2 strain® DAE, PBG9S,
BV3 strain®} 73t21} HAN, B7, CIL strain® 1~271 2]
2o & VERRJUFIRAE wlo|g A& F3 THEE 3H)
9} Astste 27 AWE F HA hydrophilic region®]
olm) =2k 9)x]9] g 7] A E(1071~1103) B LA JOONG,
IB, BU2 strain® DAE, PBG98, BV3 strain®t ¥ 3}
o} YR MAFEL 7tz ME e zto]l& JEeR
AT RAE ol G AiRe P71AMEY Apol7} ofulm
A M Ee] HElE Pt FIAAE fEEe o A

A71g FAzhad Uo] oW WBlE & oz A4
Bt

A7IMEe] 454 vlmoiA] =4t WMAF2) JOONG
strain- 72 A WAFEQ) DAESRE 98%2) & A%
A-& YeRR1SL, HAN straine DAE strain®} 939%9] 4F
AL eI eH, SulolA AME-Ee o= wiAFE
(B7, IB, BU2, G2, CIL)®} 9= ¥A13(PBGY9S, BV3)2}
= 0%-~97%] }EA-E& JERNATOH,

U8 A3 o] d71XERY o £ U7t e

ol NEE V1R AT AEA v

of| &) =4t wWA1Z=¢) JOONGE DAE strain® 37 gto] &
2} 98%2] ¥& 5AdE YehliSich T3 HAN strain
2 DAE strain?} 89%2] 45-4-& YR} IBDV =+
Yl £-23R(SHM2, K1, 310)% WA5=9te] ulwelA 310
strain® HAN strain 81%9 45AL, SHO29} CIL
strain 98%¢] & 4543-& HeRMo], intermediate Al
2 attenuated WA BT} HAG T FPor o B
¥4do] Slths= Van den Berg er al'?¢] B39} X3}
o}, 2] whAIEES}e] B Wol A = B} BV3 strain, BU2
2} PBGYS strainolA z}z} 1270, 4719 ofm] At A Fo)
et 71zt 91%, 97%9] A4EAE LERIT

IBDV strain 5313 1= Alejo} A fobal Eol A A
HEs B2t Hdgel ZAE, Y29 highly virulent
wild-type virus 91 OKYM, TKSM& Ao} AHRohix
oA Alt) vigsle] 2L agtenuated strain 1 OKYMT,
TKSMTS] 7)Mol A2 966(G—A), 981(G—A)] ¥
8} A3}, opv| it A HeA 2k} 279(D—N), 284(A—
TE HEHAT o) attenuated straino|A] etz oz
UAE e, o] F ojvcite] HE-2 IBDVEY HUA
o A RE Yr)FO7, ohuiedt M E u] 7Y
A el AHREET Qle WAIS 2 intermediate W)
1 BU2%t G2 o] Hglo] o]Fojg ubd, ke
o] ®F intermediate M A13Q] BV3E 284(A)7} 1)
2 HEFHYT HAN straindl| A& 279Dy B3 o]
TFE attenuated WA1FE9) PR EQ] O intermediate
plus WA1F=Q) CILAIAM T o] WEho] o] RojX|A] gfo}
intermediate plus H419] ¢ BYo] ojx Hx Hol}
e Ao FAHE)

VP29 olmlicAt AEe| Aol IBDV strain 7+ &
Aol zholg} A=} JYoH®, VP22l hypervariable
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H A vlo]2) 29} intermediate WAl A BEE 7§
I Y9 vy strain| M E HEEF o] o) B9y} WY
A3 #E Sl Zog Ro|A Rk APl N EANM F
21=lo] Welgdo] ekstel 9% IBDVAIME BHEHE 7
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$7F 101? HYy FE g7 O {3 299
7 BA=lojxof gt} o] -9 WAlF F CILI HAN
strainoll A5t HEE1t}. 1B strain® PBGY8 strain} o}
A7 Z 326 YAlA S7F LE, CILF HAN straing
ALlg RE WANFE 330 YA S7F RE WY
t}. ol2jd Asb= ool A 4 straino M &
1~2709] serine®] ThE oln|ito & Al Fr= Heine
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$lo] dojith= Vakharia er a/®9] H 19T ARBI
t}. JOONG strain 327 $jXjollA W} L2 Ws) &
2E WAl EHAT) o] B9 Ao wols
do7]7] qiEo] AP ol Bt oluizl, gt
Ag FrEdhs I 237] A o) F83 g8
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strain 1~27§2] ol § JERATORHE o] Hojs
FAE f=shs 39 2RV 29 A #
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strain® DAF, PBG98, BV3 strainal Z¢toy}, B7, G2
straind STC straind= Z}zh 17]9] #ol& Yehllo) &
% IBDVE A€ ¥l FHEQJTPIRAB o] K
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Hol gleuz o3t ol EEF WAl 2sld &
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ATHD, ol o] AAE B of, o] F FEHolA9] ofujn
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HQlc},

g, A8, g7, 3 B9 v strainoll A FE3H Lo
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N T 294071 EelEo] o Fx WA EA 7}
AL AR BT

3HH, IB2} PBGY8 strain 249(R), 280(T), 326(L)%
A & IBDVSE U8 U olu| g Ho o
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—1), 312R—>De] ML YERNRUL, serine-rich heptapeptide
FRdMe 330R—9)E WHstEe] Y3 WAFIge
ztol g B ARAW] b2 o 421 548 et
WAt o2& ApolFo] YER}E o]f+= seed virus
o] et WAl A whge) Ajolo] /1A% Rog A}
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N FUF ofrlicitg HA TE BE WAFES
HE i)

Lin et al®*& MPELE o] 83} v [BDVE T} E
IBDVS} FE3IEE, Tagl AAHE)A v IBDVE]
7% 833 COrE VERINUL WalEs BF 833(DE
Ellie] EUch Sspl AARSNA v IBDVS
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& WAFE] 10110 tE2A vEeRTh a2 o
oA B4 BDV 2 STC9 DELEE 1011(O)E
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© Ao Bd T 799 ] EAgoixor @ A
o2 gl

olu|ic At A Y8 vl o2 3 phylogenetic tree B4
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WAl o]3t 2Ajol3 A2 BDE 43 Wolshe A
& YN Y F g 2] B oY= HE
g 9o T ANE dod]3, YT B 532 ok
vlolg|29] 7+ PA L dudit) 18w guae
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o2 Holn, o] 9= FHYANE sk ¥UES
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