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Genetic relationship of the VHSV(Viral Hemorrhagic Septicemia
Virus) isolated from cultured olive flounder,
Paralichthys olivaceus in Korea
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RT-PCR method was applied to detect and clone the nucleocapsid protein (N} gene and glycoprotein (G)
gene for sequencing 5 Korean VHSYV isolates from cultured olive flounder, Paralichthys olivaceus. Phylo-
genetic analysis was performed to investigate their relationship with the VHSV strains described previously
and isolated from different geographical area. Generally, VHSV strains were separated phylogenetically
according to the major geographical area of isolation: Genogroup I (American type), Genogroup II (British
Isles) and Genogroup [l (European type). This study revealed that all 5 Korean VHSV isolates were
belonged to Genogroup I and closely related to Japanese Obama25 type.
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Viral hemorrhagic septicemia virus (VHSV)+<
FANEAE HIRE Gt Ao o FolA
7P AZhg wlolglay AW S oplEke Ao
2 2 d8A o Al g4 @ 4 s
olF T AWE fdshe WA Aol
W3 x] 31 2} (Mortensen et al., 1999 ; Smail,
1999). 34= ol FollA 2] VHSVE 19793 Atlantic
cod Gadus morhuaolA] A HIIE o|F LA
9] &g FY FAMFoIS BR FolA e
oF7] (Jensen et al., 1979; Horlyck et al., 1984;
Schiotfeldt ez al., 1991)3}992 vt ol]z), Pacif-
ic cod Gadus macrocephalus, Atlantic herring Clu-
pea harengus 5 T}RE oRAl Sl o] FoA]
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Zo]l dFHIL Utk (Meyers er al., 1992,
Mortensen et al., 1999). VHSVE §3 2|9 But
ohe} 1980 FHIREIE B AYQoMx
s =i glol 11 Xeld EXrt 3HY
3} vlo]# 2of €31t} (Brunson et al., 1989; Win-
ton et al., 1989), B3} VHS+ 'OIE notifiable dis-
ease = 1A ES] o FAE FEA AQuiy
o] E& Y (OIE, 2001)o| B2 A MAHoZ
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VHSVE  Family Rhabdoviridae, Genus
Novirhabdovirusol| 4:3= A2 24 6719] gene
(3'-N-P-M-G-NV-L-5)¢] ¢#o22 FA8 o
12,000 bp2} linear negative-sense ss-RNAE- 7}21
t} (Schutze et al., 1999; van Regenmortel et al.,
2000). Benmansour ef al. (1997)2} Stone et al.
(1997)& #l+ 2 g folr E=e
VHSVE G gene @7IMFol 7|23t 3714
Genogroups 0.2 7E3lGon olF fHFS
A ZPA B2 el Wl American (Genogroup
1), British Isles (Genogroup II ), European
(Genogroup [II) isolates2 thEEt} )

B A7 2] et @4 g el 2e)
3+ VHSV isolates 2] Nucleocapsid gene ¥ Glyco-
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Table 1. The Korean isolates of VHSV used in this study

A0 - ol - FoIF - HHA - ugY

protein gene®] A2 WiEE EA e olE
Korean VHSV isolates®} 7|R T ¥ o8 VHSV
isolates7+He] A AAE FATGHOE vy
B3t At stk

ME 3 2

Cell line 3! Viruses

B Aol A% VHSV isolates®] ¥2) F2)
= Table 13} 7}, Wolo) %7 nl) ol
EPC cell lineol] FHE3 3 15Co| A 397 vi<k
3l CPEE #1&tqith ME v 10 %
Fetal Bovine Serum (FBS), 1 % antibiotic-antimy-
cotic (Gibco BRL)S #7}%t Eagle's minimum
essential medium (EMEM)E A18-31%t}. vlo| g
29] A= low multiplicity of infection (MO,
<00nez FRAL BLE Yol 38 ofs}
E AE vpo] A& ARSI

ZHEE celltilA{2] RNA £2|

z}z}e] VHSV isolatesE HE35 £ 3UA|,
CPE7} JEN}7) A)2F8k EPC cellsS A3
Trizol (Gibco BRL)E- A}£-5Fed cellof]A] total
RNAE 233t dxd RNAES 30409
RNase free water (DEPC treated H:0)ol <1 t©}
£ RT-PCRel| AHE-319ith

Date of isolation

Virus isolate Location of isolation Host fish, Sample size and Water Temp.
JY-0112 Pohang, Korea Olive flounder, 20g Dec 2001, 13°C
HS-0203 Pohang, Korea Olive flounder, 30g Mar 2002, 10C
J1-0203 Pohang, Korea Olive flounder, 25g Mar 2002, 10C
DN-0206 Ulsan, Korea Olive flounder, 4g June 2002, 17°C
CS-0206 Busan, Korea Olive flounder, 40g June 2002, 17°C
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Table 2. Primer sets used in this study for VHSV N and G gene cloning

. Products
Primer sets name Primer sequence .
size (bp)
5 -CTC AGT TGA AAA ATG GAA GG-3’
N gene VHSV N , 1,048
5’ -TCC TCT CAT ACT TGT CCA CC-3
5'-GGT ACG TTT GTG TAC ACA AC-3’
VHSV Gl , , 732
5’ -TGT GAT CAT GGG TCC TGG TG-3" *
G gene
5’ -CCA TTG CCC TAC CTC AGA AA-3’
VHSV G2 1,023

5 -GGA GAA AAG CTG GTT GTG CT-3’

* According to Miller et al., 1998

RT-PCRZ} Gene cloning

223} total RNA 1409} 0.5 g oligo(dT)
primer, 1 4{ PowerScript™ Reverse Transcriptase
(Invitrogen)& AH:-3le] cDNAE 3438 ¥ RT-
PCRE A3t VHSV isoaltes®] G gene}
N gene-2 cloning3}7] $13ted A A 3§ primer sets
+ Table 28} 2t}

JY-0112 strain®] PCR products= pGEM-T
easy vector system (Promega)3} Escherichia coli
IM109E AFE-3}e] gene cloningdr ¥ sequenc-
ing 3t

DNA sequencing 3 Computer analysis

N gene#} G gene?] clone ¥ PCR products&
automatic sequencer (ABI 3700)& A}-&3}
sequencing3}1 7. NCBIS] BLASTOlA 71H3
9 geneS el A4l AE HAAE Pt
gt} ©]EL Clustal W programs ©]-&3}
multiple sequence alignments3}91 Y. Phylogenetic
analysist:= Mega 2.1 version2 AME-3}e] Neigh-
bour-joining method ¢} Bootstrap testS A 1§+ ok
S Dendrogram& ZAstth 72} FAA9
sequence similarityol] &= Genetyx programg ©]-4-
3t B4ttt

g o

VHSYV N genel} G gene

VHSV N primer set®] PCR product& gene
cloning3ta] 1,048 bp2] N gene A71MEES B3
© vy VHSV G primer sets& ©]-&3}4 1,672 bp
o] F714g-E gtk IY-0112isolatesE A &g
Yo x] 4712 VHSV isolates= z}z}e] PCR
productsS- direct sequencing (N gene >750 bp, G
gene >1,400 bp reading)dle] VHSV JY-01129}2]
ANMEE vZd AH olF FAANIS
96~99%2] 35S B & AFolA 87
VHSV JY-0102 isolates®] N gene Korean
Sequence Database (accession number,
KS108627), G gener= GenBank (accession num-
ber, AY167587)0l S srah,

Phylogenetic Analysis % F&A} 2484 bl

5708¢] Korean VHSV isolates®] N gene>} Gen-
Banko] Sx]¥ 18712} VHSV isolates©] N gene
<& 71%% ZAF phylogenetic trees= Fig. 13}
2t

AA ZHR A E2)¥ = VHSV isolates®] N
geneS F-2] ojFolut £ A7l FARlo] 3
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702l major cluster2 FE-5 o] Z} clusterdl]
B3 strains ] F-2§F Table 30 VER| AT
Genogroup 1 o] £8= 7|1 strains= 25
American isolates©] 1.2 ™, Genogroup II ¢l 43}
+ strains& British Isles £3.¢) 3] doA] B2
RE°INL, Genogroup I & FHUE 2 1
= AFGAA Fejd AEo] YRS A5
t} o]g} 7o), VHSVY] fxgL &8 A9
DA dBA] AN $8 YellM Rl
570¢] isolatess= R5 Genogroup [ ol &&=
RAg ¢ F AU I8k, o F rhabdovirusg
THVN®] N gene (accession number, U50402) 3}
HIRRV®] N gene (accession number, AF104985)
& VHSV isolates®] IR 5glo] TEHEY
o} (Fig. 1).

ol23 A= G genedl M= FANSH AL
YeR 1t} (Fig. 2, Table 4). GenBankol] S ¥
467112} G genedll 7]Z3&}a] 23 phylogenetic
treedl] A &= Korean VHSV isolatest= 2% Group
Iol &30, 1 Fo|AXE Japanese isolates!
Obama25¢} 71 77k f1X]9l UKt (Fig. 2).

Table 5%} Table 691+ Korean VHSYV isolates 2]
&1 JY-0112 isolate®} Z} Genogroup2) ™ X
isolates7He] N gene ¥ G geneoll W3t sequence
similarity & WERY 2]t} Korean VHSV isolates 2]
FAZ= Genogroup I & thE F3F<¢ Makah
FAFSIH, G geneo] 7¢ JEAA EH
Obama?25 strain3} 7} =2 AHEA (99.1%)&
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Fig. 1. Dendrogram showing the genetic relationship among Korean VHSYV isolates, American (Genogroup I ), British
(Genogroup II ), European (Genogroup Il ) isolates based on analysis of the coding region of the nucleocapsid (N) protein

gene. Bootstrap values for branches are shown.
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Table 3. Isolates of VHSV used in this study for comparison of N gene

Virus strain Location Year Host fish Gen].3ank Reference
Accession No.
JY-0112 Pohang, Korea 2001
HS-0203 Pohang, Korea 2002
Olive flounder,
J1-0203 Pohang, Korea 2002 Paralichthys KS108627* in this study
olivaceus

DN-0206 Ulsan, Korea 2002
CS-0206 Busan, Korea 2002
phrgElbay93 Washington, USA 1993 Pacific herring AJ130925 Snow et al., 1999
pCodAK93 Alaska, USA 1993 Cod AJ130926 Meyers et al., 1994
Makah Washington, USA 1998 Coho salmon X59241 Stone et al., 1997
860/94 West scotland 1994 Turbot AJ130915 Ross et al., 1994
F13.02.97 Ireland 1997 Turbot AJ130916 Snow, GenBank
4p101 Skagerrak 1997 Whiting AJ130918 Mortensen et al., 1999
H17/2/95 North sea 1995 Haddock AJ130924 Smail, 1995
H16/7/95 North sea 1995 Cod AJ130923 Smail, 1995
2p51 Skagerrak 1996 Norway pout AJ130917 Mortensen ez al., 1999
1p50 Baltic Sea 1996 Sprat AJ130920 Mortensen et al., 1999
1p40 Baltic Sea 1996 Rockling AJ130919 Mortensen et al., 1999
9643 England - Atlantic herring AF143862 Betts and Stone, 2000
Hededam Denmark 1972 Rainbow tuout 793412 Stone et al., 1997
07-17 France 1971 Rainbow trout AJ23396 Le Berre et al., 1977
14-58 France - Rainbow trout AF143863 Betts and Stone, 2000
5927 Germany 1991 Turbot AJ130922 Schlotfeldt e al., 1991
Fil3 wild type - - - X73873 Bemard et al., 1990
Fil3 - - - Y18263 Schuze et al., 1999

* Korean Sequence Database accession number.
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Fig. 2. Dendrogram showing the genetic relationship among Korean VHSYV isolates, American (Genogroup I ), British
(Genogroup I1 ), European (Genogroup Il ) isolates based on analysis of the coding region of the glycoprotein (G) gene.
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de FAFE L 7= A2 E B Ath
VHSV Q] genome 572 FZ¥ coding
gene?] nucleocapsid protein (N), polymerase asso-
ciated protein (P I.&= M1), matrix protein (M I
= M2), glycoprotein (G), RNA polymerase (L)<}
71%-& 2% 1702 non-structural protein (NV)
geneZ FAEo] Ut} (Basuroco and Benman-
sour, 1995; Benmansour et al., 1997). ¥ &7l 4]
phylogenetic analysisel] AH8-3+ N gene3} G gene
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Table 4. Isolates of VHSV used in this study for comparison of G gene

GenBank
Virus strain Location Year Host fish Reference
Accession No.

JY-0112 Pohang, Korea 2001

HS-0203 Pohang, Korea 2002 Olive flounder.

J1-0203 Pohang, Korea 2002 Paralichthys AY 167587 in this study

DN-0206 Ulsan, Korea 2002 olivaceus

CS-0206 Busan, Korea 2002

Obama25 Japan 1999 Japanese flounder, AB060725 Nishizawa et al., 2002
Paralichthys

KRRV9601 Japan 1996 olivaceus AB060727 Nishizawa et al., 2002

NA-8 Washington, USA 1991 Coho salmon 793426 Stone et al., 1997

BC'93 Columbia, Canada 1993 Pacific herring 793427 Stone et al., 1997

Elock Washington, USA 1994 Coho salmon 793422 Stone et al., 1997

Cleanwater-WA91  Washington, USA 1991 Coho salmon U88050 Benmansour et al., 1997

EliotBay-WA93 Washington, USA 1993 Pacific herring U8B055 Benmansour ez al., 1997

AK'93#1 Alaska, USA 1993 Pacific herring 793430 Stone et al., 1997

NA-5 Washington, USA 1989 Coho salmon 793423 Stone et al., 1997

Cbr-BC93 Columbia, Canada 1993 Pacific herring U88051 Benmansour et al., 1997

EB#7 Washington, USA 1993 Pacific herring 793428 Stone et al., 1997

NA-6 Alaska, USA 1990 Pacific cod 793424 Stone et al., 1997

pws-AK93 Alaska, USA 1993 Pacific herring U88053 Benmansour et al., 1997

NA-7 Alaska, USA 1991 Pacific cod 793425 Stone et al., 1997

pws-AK90 Alaska, USA 1990 Pacific cod U88052 Benmansour et al., 1997

Makah Washington, USA 1998 Coho salmon U28747 Stone et al., 1997

H19/1 Scotland 1993 Atlantic cod 792407 Stone et al., 1997

H17/5 Scotland 1993 Atlantic cod 793406 Stone et al., 1997

814 Scotland 1994 Turbot 793405 Stone er al., 1997

Sco95 Scotland 1995 Turbot U88056 Benmansour et al., 1997
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Klapmolle Denmark 1988 Rainbow trout 793410 Stone et al., 1997
DK-5131 Denmark - Rainbow trout AF345858 Winton, unpublised
670 Netherlands 1987 Rainbow trout 793413 Stone er al., 1997
83-53 England 1983 Rainbow trout 793411 Stone et al., 1997
DK-F1 - - Rainbow trout AF345857 Winton, unpublised
Cod ulcus Denmark 1979 Atlantic cod 293414 Stone et al., 1997
96-43 England - Atlantic herring AF143862 Betts and Stone, 2000
14-58 France - Rainbow trout AF143863 Betts and Stone, 2000
23-75 France 1975 Brown trout U28799 Stone et al., 1997
23-75 France 1975 Brown trout 793415 Stone et al., 1997
Hededam Denmark 1972 Rainbow trout 793412 Stone et al., 1997
Hededam-Dan70 Denmark 1970 Salmo trutta U28798 Benmansour et al., 1997
609 Netherlands 1991 Rainbow trout 793417 Stone et al., 1997

F1 Denmark 1965 Rainbow trout 793408 Stone et al., 1997
DK-3592B Denmark - - X66134 Lorenzen at al., 1998
Fil3 wild type - - - X73873 Bernard et al., 1990
Fil3 - - - Y18263 Schuze ez al., 1999
07-71 France 1971 Rainbow trout AJ233396 Le Bemre et al., 1977
23.88 France 1988 Rainbow trout U88054 Benmansour ez al., 1997
02-84 France 1984 - U28800 Stone et al., 1997
448 Netherlands 1992 Rainbow trout 793418 Stone et al., 1997

957 Netherlands 1992 Rainbow trout 793420 Stone et al., 1997
Grasmuck France 1984 Rainbow trout 793149 Stone et al., 1997
Rinsholm Denmark 1988 Rainbow trout 793416 Stone et al., 1997
7321 Germany 1991 Turbot 793409 Stone et al., 1997

DK-5151 Denmark - Rainbow trout AF345859 Winton, unpublised
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Table 5. Nucleotide sequence identities (%) of the N gene in the genome of Korean VHSYV isolate compared with that of

pre-reported VHSYV isolates
i ) Korean isolate Genogroup 1 Genogroup I Genogroup [l
Virus strain

JY-0112 Makah H16/7/95 96-43

JY-0112 100 973 84.4 88.1

Makah 84.9 87.9

H16/7/95 100 89.1

96-43 100

Table 6. Nucleotide sequence identities (%) of the G gene in the genome of Korean VHSV isolate compared with that of

pre-reported VHSYV isolates

Virus strain Korean isolate Genogroup Genogroup I Genogroup [II
JY-0112 Makah Obama25 Sco95 96-43 KRRV9601

JY-0112 100 98.8 99.1 842 85.8 84.2
Makah 100 99.3 84.8 86.2 84.8
Obama25 83.6 84.5 84.7
Sco95 100 90.1 91.0
96-43 100 99.8
KRRV9601 100

2 thabdovirus®] 32t F & BEH] e
HRoln faxte] st 4 7P ARE &
A2 g4 ¢t} (Bourhy er al., 1992, 1993).
Bemansour et al. (1997)2 VHSV 2] genotype©]
ulo] 2] 29} geographical area®l] ¢J3 APl
3t ™, G geneol] 7]Z 3} phylogenetic analysis
o)/ VHSV?] lineageE Europe (Group I ),
British Isles (Group [l ), North America (GroupIll)
o} Zo3AIRE R 181, oA
VHSV7} §xzo 2 viw3d <HAE negative
strand RNA o] 2] 20]7] wjEol vehubes 4
o2}yl &ttt Snow eral. (199902 Y9 s
Sl Q) 3971 2] VHSV isolates S RNase protection
assay (RPA)S} N gene2 7122 3t B7/3 2
7} 47}A] Genotype2. 2 FE3IAT &, FEW
FoA B3 @4 VHSVE X §3) Baltic sea
isolates (Group 1), Baltic sea isolates (Genotype
1), British Isles 5= 2] North sea isolates (Geno-

type Mol ©]E Genetype= North American
isolates (Genotype IV)¢} g3 FHAYL 3}
Rk ol %] Aelrt A7 BAIT, Stone
et al. (1997)3} Nisizawa et al. (2002)2 American
isolatesE Group I, Scotland isolates& Group[l,
European isolates& Group 2}y #F3F3th
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ol A 23t 5709 isolates7} 7FA]&= N gene
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th 71N & 8 JEelA #2sEs VHSVE
G genedll 7123 A% 49 ZA3E Beman-
sour et al. (1997)8] €7 Ao}l 7+ o=z
B39 o0, o83 47 A= Nishizawa et
al. (2002)¢] A7+ ZA et A9 YRR
ofrJo} A HGo| A= A& O Z VHSVE BT E
Nishizawa et al. (2002)2 J¥ox &g 7719
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