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Abstract : The VP2 full gene of Korean infectious bursal disease virus (IBDV) strain, SH/92, three attenuated
vaccine strains, Bur706, Bursine-2 and CEVAC strains, were amplified by reverse transcriptase-polymerase
chain reaction and sequenced and compared with published VP2 gene sequences of IBDVs. The VP2
nucleotide sequence similarity between SH/92 and three vaccine stains was 95.6~96.5% whereas the nucleic
acid similarity among three vaccine strains was 97.5~98.5%. The amino acid sequence similarity of VP2
of SH/92 compared with three vaccine strains was between 94.4 and 97.6% while the amino acid similarity
among three vaccine strains was between 97.4 and 98.4%. The amino acid similarity between SH/92 and
classical virulent strain, 52/70 and STC strain was 96.4 and 96.5%, respectively. The serine-rich heptapeptide
was conserved in CEVAC and Bursine-2 as well as SH/92 but not in Bur706. The phylogenetic tree developed
from amino acid sequences showed that SH/92 was categorized with vv IBDVs (HK46, OKYM, KK 1, UPM%4/
273, SH95) in one branch while three vaccine strains were catagorized with STC strain in the other branch.

Key words : Infectious bursal disease virus (IBDV), VP2 gene, vaccine strain, sequence.
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AHA FdH (infectious bursal disease, IBD)S & Al
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ofe} HHY Alel] HARs Ae] EA7F HA] BT 657 o]
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variantye 198076 Bl=tell A B E 3 QlEd) (18,
20, 31, 33] o] Hloj| e Y] W2 HEFE 9
&3t whE Auto]g] 2 Malop) BE3) walg HE
3 HollM= g d). BUdS oFslEo] o)

© Bl HFA= FElst A S48 Bolx o F
‘¢(Bursa of Fabriciusye Eth 214 glo] i =4 &
B S B 540 o) [18]. #WAFE EEF &
= e HolFE Aol Fakl A Auiuldsd
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IBDVE] genome 5 & 42 segment A 23712]
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VP4 [6]°] 9]3l cleavage® o] VP2(40 kDa), VP3(32 kDa),
VP4(28 kDa)= o X1t} {4, 17]. 22 ORFE= VPS5
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¢! segment B+= viral RNA-dependent RNA polymerase
2l VPI(98kDa)o 2 == Ao d#A Ao [4,
23] F8 72 DA Fof sl VP2 %3 o] &
Hoz FHPAE Fudhe FAN-AE Tsh= Ao
2 USR] Qlth [14]. VP2 gene?] F71M QG- thiiE 1
EHo] AU FIIAE fFrshe o dE F
AR Aec 1-Spe 1 E4(205-350 amino acidye Thekst
o] 7} #2=] o] hypervariable regiono]2} H-&t} [4]. =2
& 7 H9dle A9 F-9(hydrophilic region)’t &
A st ©]i= IBDV antigenic epitope®] T2 3o
P o FUE E WU Holg Yoz 2es)
= o8 HAHA [16]. EFFl vlete] A4
HolF 3519 WA WHolF 37 A Fslol
olF BojA o] F9j9] 7] ME & opuiit MEe
WAE of9] Ee]3 BDVY A4 wet 2 subtype #
Foll olg-H 2t [10, 19].

VP2 frdate] E4-2IBDVE 47-S setshr) SE)
474 bp 7719] hypervariable regionol] =glsfiA] T B
IHROU VP2 AR AAE B BaE v =
=Tk B WA A Roll= VP2 fA AAE B
A Bie 2EG 2 AP e FuEaF(SH92)
oA FE3H VP2 4 A Baculovirus expression system
A A ZTH BHE VP2 Tl el S wletsl
7] SEiM e F%E VP2 fHizte] BAo] Hagi. of
ot HEol dA FHellA AHEE= WA F Bur 706,
Bursine-2, CEVAC #A15:9] VP2 R2AE &3] 2
A, vt
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Table 1. IBDV strains used for alignment and comparison of homology of nucleotides and amino acids with VP2 gene

of SH/92, Bur706, Bursine-2 and CEVAC strains

Name of strain Virulence Countries isolated Accession No. in GenBank Reference
HK46 A'A HongKong AF092943 27
OKYM \'AY Japan D49706 37
UPM94/273 \'AY% Malaysia AF527039 24
SH9S 'A% China AY134874 34
KK1 \'A% Korea AF165150 25
K310 AV Korea AF165149 25
Variant-E AV US.A AF133904 2
Variant-A AV US.A M64285 26
Cu-1 A Germany D00867 4
CEF9%4 A Netherlands AF194428 7
STC Ccv US.A D00499 23
52/70 CVv UK D00869 4

*: VV = very virulent; AV = antigenic variant; A = attenuated; CV = classical virulent.
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Reverse ftranscriptase-polymerase chain reaction
(RT-PCR)

221" RNA 5w/l random primers 1p/, 0.5mM
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1,636bp —> 1,540bp

1,018bp —

Fig. 1. Agarose gel electrophoresis of PCR products from
the VP2 gene of the IBD vaccine strains and field isolates.

Lanes M, 1kb DNA ladder (GibcoBRL); 1, SH/92; 2,
Bur706; 3, Bursine 2; 4, CEVAC; 5, negative. Numbers of
left is molecular weight marker in kilobase pairs. Number
at right is molecular weight in base pairs of PCR products

FUEEF SH929 RNAE templates 8} VP2F/
VP2R primere AHE5l] RT/PCRE ZFZ3519S w) 37}
X 2152} SH/92 #e]FollA] oF 1,540 bp =.7]] PCR
productZt A4 S ATh(Fig. 1).
%17' 3! ofoj= At MY 2M
8 525 SH/92¢9F ¥A1F Bur-706, Bursine-
2, 2 CEVAC ¥AlF39] VP2 PCR ZH-& TOPO vector
o 22y & ¥ ArIMEe AT 2AE F719)
oft] =4k M Y-e o]y ”‘—lﬂ IBDVS} B 23] oHFig.
1, 2). H]a B3 BDVE H-Fell i = 2a]3 SHY
92 2 HK46, SH95, OKYMS} UPMY94/273% =i 58]
T KK & 71945 6579} variant E, variant A, K310
J%*é Hol|F 35 18|77 Cu-l, Bur706, CEF94 5
35, Bursine-2, CEVAC F 717

P N =
i 2 5

[€]
attenuated strain =
intermediate strain 257, 52/70, STC 59| ¥&%
% 1650It} o1 16579 VP2 gened] §7) Mgz} o}
Hxik DS 242} Fig. 29} Fig. 300, 971 2 ofo)x
A Aol A5 Table 20 Z2F VERET

oo oNT
A7 g Bl A A B30l SH9= Al

of IBD strains used in this study. 2221 Bur706, Bursine-2, CEVAC strain®} Z}7} 54, 58, 53
e & 71xkelE WA vk S 2El 59 KK,
Table 2. Comparison of the nucleotide and deduced amino acid sequences of VP2 gene of IBDV strains
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
| 99.4*¥*99.6 99.2 994 99.0 948 96.8 98.0 97.6 97.8 972 96.6 97.4 98.6 97.6 1 SH/92
2 99.1* 99.8 99.4 99.6 992 94.6 96.6 97.6 974 97.6 972 96.6 97.8 974 96.8 2 HK46
3 993 —9—8_9— 99.6 99.8 994 95.0 96.8 97.8 97.6 97.8 972 97.0 98.0 99.0 93.0 3 OKYM
4 99.1 98.9 m 99.4 99.0 95.0 96.8 97.8 974 974 972 96.8 97.8 98.6 978 4 UPM94/273
5 98.7 99.6 99.1 9—87 992 946 96.6 97.6 974 97.6 97.0 97.0 98.0 98.8 978 5 SH95
6 98.1 979 982 979 5:77— 94.6 96.2 972 972 978 96.8 964 97.6 98.6 97.4 6 KKI
7 945 942 942 945 940 ES_ 94.6 956 954 954 952 944 948 956 95.6 7 K310
§ 963 957 958 958 95.6 958 953 98.8 97.0 972 968 964 96.6 97.6 97.0 8 Variant E
9 96.5 96.1 963 962 96.1 96.1 95.1 W 98.0 982 97.8 974 974 98.6 984 9 Variant A
10 963 959 959 96.0 957 96.5 963 96.8 96.9 99.2 99.0 97.8 97.8 98.6 984 10 Cu-l
11 965 96.1 96.1 962 959 96.7 963 963 97.1 ;‘;T 99.0 97.6 97.6 98.8 98.2 11 CEF-94
12 964 960 960 96.1 958 965 96.4 96.9 96.9 99.5 99.6 974 976 984 982 12 Bur706
13 96.1 959 959 958 958 96.1 95.6 96.7 969 97.4 975 97.5 98.4 98.0 97.8 13 Bursine2
14 96.5 963 96.1 96.1 959 96.5 957 96.7 96.9 97.7 97.7 97.7 -‘;g 98.6 98.2 14 CEVAC
15 964 962 962 96.3 959 96.3 958 969 97.0 97.4 97.6 97.5 97.6 977 99.0 15 52/70
16 96.5 96.5 963 963 96.1 967 95.8 96.9 973 979 979 979 979 98.8 97—9 16 STC
| 2 3 4 5 6 7 8 9 10 11 1213 14 15 T

* : Percent homology of nucleotide sequences.
** : Percent homology of amino acid sequences.
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Variant E ..... ..
Variant A ... ..
(1) T

Bur706  .......
Bursine=2 ... ... .. T....
CEVAC T G
52/70 .. A G Cooovii

STC TTGATGCTATCACAAGCCTCAGCGT TGGGGGAGAGCTCGTGTTTCAAACAAGCGTCCAAGGTCTTGTACTGGGCGGCACCATCTACTTTATAGGCTTTGA

OkKYM ... G.......... .
UPM94/273 .. .. .. GA........ ...
SHes ... Gl
Kkt G .G A AT GG A
K310 AU B A GC.....A ... ... TGA C..T............... T
Variant E ....... G A
Variant A ... ... G......... T A ... AL A
cur A T0A
A
A

>

bursine-2 ................ ... .. Ao T TA ... T
CEVAG Ao
52/10 ... ... G Ao S C.......... T...
STC TGGGACTACGGTAATCACCAGGGCTGTGGCCGCAGACAATGGGCTGACGGCCGGCACCGACAATCTTATGCCATTCAATCTTGTGATTCCAACCAACGAG

OKYM
UPMO4/273 .. . ..
SH9S G
KK
K310 ... T ... | G.....
Variant £ ... .. ... L.
Variant A ........ ... G ... ..
cut

Bur706 ... ...
Bursine-2 ....... ... . ... .. ... ...
CEVAC ... ... ... ... T
52/70 Ao L R

STC ATAACCCAGCCAATCACATCCATCAAACT GGAGGTAGTGACCTCCAAAAGTGGTGGCCAGGCAGGGGATCAGATGTCATGGTCGGCAAGTGGGAGCCTAG

o - e g A T S
©
©

o = ) A d o o A el el

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

OKYM G G .
UPMO4/ 273 T
SHOD G..
KKty G
K310 0 AT
Variant E .. ... ... ..
Variant A ...... ... . ..
o

T
T
T
T
CEF94 ... ... .. .. O G.... 6
T
T
T

e T T T B e B M ben

Bur706 ... ..........

Bursine-2 ....... AL

CEVAC .. ... ... ..

52/10 ... T

STC CAGTGACGATGCAGGGTGGCAACTATCCAGGGGCCCTCCGTCCCGTCACACTAGT AGCCTACGAAAGAGTGGCAACAGGATCCGTCGTTACGGTCACTAG
Spel
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STC ATACTGAGTGAGAGGGACCGTCTTGGCATCAAGACCGTCTGGCCAACAAGGGAGTAGACCGAGTTTCGTGAGTACTTCATGGAGGTGGCCGACCTCAATT

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400

C

[

[
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K310 G
Variant B .. A
VA IaNE A e C....
cu1
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Bur 706
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STC CTCCCCTGAAGATTGCAGGAGCATTTGGCT TCAAAGACATAATCCGGGCCATAAGGAGGATAGCTGTGCCAGTGGTCTCTACATTGT TCCCACCTGCCGE

410 1420 1430 1440 1450 1460 1470 1480 1490 1500
SH/92 ...
HK46 ... ...
OkKYM ...
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SHe5 ...
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Bur706 ... ..
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Bursine-2 ...... A T
CEVAC
52/70 ... A G T
STC TCCCCTGGCCCATGCAATTGGGGAAGGTGTAGACTACCTGCTGGGCGATGAGGCACAGGCTGCTTCAGGAACTGCTCGAGCCGCGTCAGGAAAAGCAAGA
SH/92 .. ATGA 1506
HK46 ... ... 1506
Okym 1506
UPM94/273 ... .. 1506
SHe5 ... ... 1506
KKt 1506
K310 ... 1506
Variant E .. ... 1506
Variant A ...... 1506
cur . 1506
CEF94 ... 1506
Bur 706 .. ATGA 1506
Bursine-2 ..ATGA 1506
CEVAC .. ATGA 1506
52/10 ... 1506
STC GCTGRCC 1506

Fig. 2. Nucleotide sequences of VP2 region of 16 IBDV strains. IBDV strains for comparison include vaccine strain (Bur706,
Bursine2, and CEVAC) vwIBDV strains (HK46, OKYM, UPM94/273 and SH95), attenuated strains (Cu-1 and CEF94),
Korean field isolates (SH/92, KK 1, K310), antigenic variant (variant-A and E) and classical virulent strain (STC and 52/
70). The sequences are compared with STC sequence. A dot indicates a position where the sequence is identical that of
STC while nucleotide changes are indicated. The Accl and the Spel restriction sites flanking the variable domain are

underlined.
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Fig. 3. Deduced amino acid sequences of VP2 region of 16 IBDV strains. IBDV strains for comparison include vaccine
strain (Bur706, Bursine2, and CEVAC) wIBDV strains (HK46, OKYM, UPM94/273 and SH95), attenuated strains (Cu-
1 and CEF94), Korean field isolates (SH/92, KK1, K310), antigenic variant (variant-A and E) and classical virulent strain
(STC and 52/70). The sequences are compared with STC sequence. A dot indicates a position where the sequence is identical
that of STC while amino acid changes are indicated. Two hydrophilic regions (212-224, 314-324) are underlined and the

serine-rich heptapeptide (326-332) is shaded.
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Fig. 4. Phylogenetic tree analyzed based on deduced amino
acid sequences of the VP2 gene of 16 IBDV strains denoted
from Fig. 3.
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