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Phylogenetic Analysis of Viral Haemorrhagic Septicaemia Virus
(VHSV) Isolates from Asia
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Viral haemorrhagic septicaemia virus (VHSV), the causative agent of viral haemorrhagic septicaemia (VHS), is an

epidemic virus of cultured olive flounder Paralichthys olivaceus in Korea. In the present study, the entire glycoprotein

(G) gene including several hypervariable regions from 36 isolates of diverse geographic and host origin and 8 Korean

VHSYV isolates from cultured olive flounder were analyzed. Phylogenetic analysis indicated that most of Asian VHSV

belong to the genotype IVa group, suggesting that they originated from a common ancestral virus. Comparative

sequence analysis of the complete G protein from Korean VHSV isolates revealed 3 Korean strain-specific nucleotide
residues (nucleotide number of G-region: A755, T834 and T1221). These results suggest that Korean VHSV originated
from a common ancestor, but these regional specific nucleotide sequences suggest that genetic differences of VHSV

are more related to geographic areas than to host fish species.
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£ ofguolgag
virus (IHNV)@} hirame rhabdovirus (HIRRV)Q} 3|
family Rhabdoviridae, genus Novirhabdovirus©l| <35}
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2} polymerase (L) F+AA59] 3’-N-P-M-G-NV-L-5’
9ol Lo 7 FAE|o] 9t (Schiitze ef al., 1999; van
Regenmortel et al., 2000; Trdo et al., 2005).
VHSVE= 19634 dinfToj| A FA|7l|4o] 22
2 Ea)% o] (Jensen, 1965; Wolf, 1988; Smail,
1999), 19793 52 9] Atlantic Ocean 2! North Sea©]|A]
Atlantic cod Gadus morhua 25-€| E2]%]11
et al., 1979), turbot Scophthalmus maximus (Schlotfeldt

(Jensen

et al., 1991), Atlantic herring Clupea harengus (Dixon
et al., 1997), rockling Rhinonemus cimbrius % whiting

Merlangius melangus (Mortensen et al., 1999) S-of|A]
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HHA k= Zlo] B Aick VHSVE A<t
oft 2} 1980 At Fitoll= Fu] A9 8] A Fafieto
A Bl o7t A5 dofollA] o] sfehd
of HiolefArt WA EEo] Qe FIskeitt
(Brunson et al., 1989; Hopper, 1989; Winton et al.,
1989; Meyers et al., 1992; Meyers et al., 1994; Meyers
and Winton, 1995; Meyers et al., 1999).

Foboxlelo Al it ebrhafgtel ol WA
oAl A0 & AEE I (Takano et al, 2000), &A1
Z]o| 4] VHSV ] oJgt wjsf7} H A le} (Isshiki et
al., 2001). ol A= FARRE Al7]of] 2] E2] oA
thabdovirusd A o] frafsted, o] YIAIE AR
At Hoj ]9 gl dZofA E|ek VHSVE} Tt
FAF Aoz SRIEIT (Kim ef dl, 2003). ©1F,
ChoFet it o B EepolRollA ReEEe
FAFR A sfirfet 2]52191 HARE Po7]= 18
AA = BaEaT ek (Kim ef al., 2004; Kim ef al.,
2009; Cho et al., 2012).

SR, VHSV= AlAFsER7A7 15 (World Organization
for Animal Health, OIE)2] 4~ 85512k (Aquatic
Animal Health Code)o]] 2J8}] Z2]tjA2H (notifiable
disease) 0.2 XA =E|o] Q1o (OIE, 2013), =0l A]
T AR R ERE], A4d 2 Aol
SIRIE7 AT} 25 235 WelzA} o]
o)tz Aolck. 2 Tk AN
A3} 250 £ vl tie a9 37w
Qle] A MAIKCE =ARYE2] W (Aquatic animal
Disease Control), jZF (Surveillance) ¥ 2 UEH
(Monitoring) ©] 5-2/g0] Bl% 7% .2m, ol2fgt =7}
201 o2k 2 WIEHE Wl ofjet 1|91 (regional
and zonal)0]3l FFH 3} (compartmentalisation) ¥l <Ak
AE0) Y o2 9 BUE QA AL
o MR o) elstzA W 2 pelol Ba.
T R8T S AT Bk ozt 45 1) 57

Aol et B YAGE Y 5 s

C 0|9 . X2 . et

0%

SIEHON
83 o2 T} (FAO, 2004). wHbs] VHSVE]
= 2] Adole] El Yl thE =7} Eel5
QFO] A gH| e} X[&A Q1 AT R EFo]
% 85 =Hloh

A AAR O 4 VHSVE N TG §aA)
Q7S vl A, ABEAsIH 0 4 )
9] genotypes (I-IV)2} $H7| genotypes 1 (Ta-le) I} IV
(IvaQ} IVb)of] & 7§9] subgroupS ESFslal ik
(Snow et al., 1999; Einer-Jensen et al., 2004; Lumsden
et al., 2007). Genotype [-2 8- 9] thofFst T 4l
slolngsaiy BojE VHSVE Zgeo
Baltic Sea, Skagerrak, Kattegat 2} English Channel 2]
Sfrol et HelE W VHSVEZ|TEE &
StEIT) (Dixon et al, 1997, Thiéry et al., 2002;
Einer-Jensen et al., 2004; Snow et al., 2004). Genotype
II:= Baltic Sea®] dfjlrolF25E EelE Eel550]
ESFE]H (Snow et al., 2004), genotype 1T F=1}
o}ATH=9] North Sea2} North Atlantic © 2] Eal=
TS le2 o] A rainbow trout 25E] 2]
% VHSV7} 3£$He T} (Einer-Jensen ef al., 2004; Snow
et al., 2004; Lopez-Vazquez et al., 2006; Dale et al.,
2009). Genotype V= En]9] Pacific coast?} Atlantic
coast ¥t opLj2} 1] 9] Great Lakes %} ofAJo}
Aelonne e peless TPkl o
(Nishizawa et al., 2002; Kim et al., 2003; Elsayed et al.,
2006; Gagné et al., 2007, Lumsden ef al., 2007). w2}A],
VHSVO| 7124 7] Yl AlSEA 2 S8l <5
offfirt A2 Aol B THAIETAL Hojxick

2 AtolMs Ut A HAlolA EERt
VHSV E2]FE9] glycoprotein (G)2] G748 &
Al5}od Korean VHSV E2|F53) 7|H s JE 9
| A4 0 2 v WEle] =+

=z = O

Y EUTES
W So]2Ql d71MEE gRlsto], -3} (zoining)
H AME Ao oz muEE 2 A e
a3k 483 AmE At gk
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Virus @ Cell line

= o] AL VHSV RelR5] Belgas
AAe] 3k 20104 )R o ¥l Azle] b
oF A|Fteoll A VHSV O] S421Q1 S0l o=
2=, S}, Hapof ot SRt 5o A
g Hom, Aok oF 80%, o=

1s%e] k4 @Al Aols AL
VHSV-IVa-KOR-YGH-Wando £2]Z9} VHSV-IVa-
KOR-CJA-Jeju EFE 7|22 3}t (Cho ef al.,
2012). T3t VHSV-IVa-KOR-Geole-201001, VHSV-
IVa-KOR-Jeju-201001, VHSV-IVa-KOR-Jeju-200501
3%0] S VHSV Rl dhet Q714e w9
Aot el et A3l sl
of Wjoke Woje] 27 vl ofzjelS: Epithelial
papilloma of carp (EPC) cell (Fijan ef al., 1983)0] A=
Tk 5 17 °CollAl 1447t uljofsto] Al vt
(cytopathic effect, CPE)S EHl5}Sit) Af|3znfjofel-o
10% Fetal Bovine Serum (FBS), 1% antibiotic-
antimycotic (Gibco BRL)S %7}3} Eagle’s minimum
essential medium (EMEM)E AME-S}SITh

A

3

19 o

RNA £3

Z¥Z}0] VHSV E2]53E-3 Flask (25 em?)of| vjjoFst
EPC cellol] M3 3217, CPE7} Lpehb] Azt
EPC cellsS £=7#3}o] TRIzol® Reagent (Ambion,
USA)S ARE5}0] cellof| A total RNAS H&]5}9ich
AZSE RNAE 30 w9 RNase free water (DEPC
treated Hy0)o =91 th& ¢cDNA $HA & RT-PCRYJ|

AFg3hsc

cDNA &4 9 RT-PCR
Viral RNA9] 7A} @ RT-PCRE- 0|83} Ho] 2]
298 M AAEERA7IT  (Office of

International Epizootics, OIE)®f| 28} 3% %}= Manual
of Diagnostic Tests for Aquatic Animals (OIE, 2013)2]
VHSVE] AR S o] gt Rkt 7122 519
T} VHSVE] &2 215t conventional reverse-transcription
polymerase chain reaction (RT-PCR)*H-& ¢cDNA §H4]
3 RT-PCRE 3¥51= two steptH o2 X3Pk
cDNA Q] SHA] (total volume 20 wl)- iScript cDNA
Synthesis Kit (Bio-Rad, USA)E ©]-83}] 5 ul<] viral
RNA, 4 wl9] 5% iScript Reaction Mix, 1 ul9] iSeript
Reverse Transcriptase, % 10 ul Nuclease-free water=
25°CoflA 53 42°CollA] 30+2; 85°CollA St HESSIRIC:

A= cDNA+= VHSV N-gene 2] 1-505 base & 3
nolg EZels W
(5’-ATGGAAGGAGGAATTCGTGAAGCG-3’)9} VN
reverse  (5’-GCGGTGAAGTGCTGCAGTTCCC-3")
primer setE ©]-8-5}0] RT-PCR-E 43§53t} (Snow
et al., 2004). 5 ul®] cDNA, 11.125 pl¢] UltraPure™
Distilled Water (Invitrogen, USA), 5 ul 5% Go Taq®
Flexi buffer, 2.5 ul 25 mM MgCl, 0.5 ul VN Forward
(10 uM), 0.5 Wl VN Reverse (10 uM), 0.25 ul 25
mM (of each) dNTP, 0.125 pl Go Taq® Flexi DNA
polymerase (Promega, USA)2] PCRY-S- mixture S
94°Col| 4] 5E =<} initial denaturationS A= 94°Co]|
A] 3029 denaturation, 55°CoJ|A] 3022] annealing,
68°Cof|A] 6027t extention T2 363] HHES} of
A|9ko g2 68°Cof|A] 757t final extension 243 DNA
Engine Tetrad® 2 Peltier Thermal cycler (Bio-Rad,
USA)E ol&3 +3stqirt. PCR AR 1.5%
agarose gel electrophoresis®} QIAxcel Advanced

Shel= Forward

capillary gel electrophoresis system (QIAGEN,
Germany)= ©|83 &A5HL QlAquick gel
extraction kit (Qiagen, USA)E- o]-&3] AA|5}o] ABI
3500xL Genetic Analyzer (Applied Biosystems, USA)
2 olg) 7INBS BAekr)

2= T



152 RS - 0]

Glycoprotein (G)-2AF¢] PCR

VHSV 2e59] AeiSol4jel Ajle] 318 9
Aoz} Alst G--8-21A} (Benmansour ef al., 1997)2]
full length open reading frames (ORFs)2] A& VHSV-
GORFF1 (5-ATGGAATGGAATACTTTTTTICTTGGIG3')2}
VHSV-GORF-RI (5~ TCAGACOGICTGACTTCTGGAGAACTAGSY)
primer setE TjA}RI3}] PCRE S=343131.2.H, 1524bp
o) PCR AFES 90& 4 Uitk S8 PORAFEL
pGEM®-T Easy vector (Promega, USA)E- o]8-3f 2=
J3}o], Exprep™ Plasmid SV DNA prep kit (GeneAll
Biotechnology Co., Ltd., Korea)S ©]-&3]] AAE
plasmid DNA S| 7|4 g2 2Helst3ict

@714 % v E AFTEA

Nucleotide A &3} =4 ofu]iAl A <E-L BioEdit
Sequence Alignment Editor (Hall, 1999)¢] CLUSTAL
W alignment model (Thompson et al., 1994)F-3}] =

o 7144 dlolE S TR F Tl @714
(contig) €510, National Center for Biotechnology
Information (http:/www.ncbi.nlm.nih.gov/)2] BLAST
(Basic Local Alignment Search Tool) HA-E Z3f| A}
T A4S skt VHSY 22559 G4t
B7IM g o8t FAAIEEA]E Clustal X software
(Thompson et al., 1997y o|-&alo] AHsIH L B4
HH 0 &2 A ASHELA (N, neighbor-joining analysis,
1000 rounds of bootstrap)2 43§51 11 MEGA4
program (Tamura et al., 2007)2 ©|-8-3}] J7|A L7t
S4A Ag)et AF= (phylogenetic tree)S AT
£ Ao A Bl 8712] Korean VHSV E2]55¢¢
T} Uele] 287)10] VHSY Hel7So] thet n
Table 1] JERATE G-regiono] E0]4<9] sequence
logo= Weblogo 3& ¢]-&3}] 245} T} (Crooks et
al., 2004).

Table 1. GenBank accession numbers for the G sequences of VHSV isolates used to generate Fig. 1

Virus isolate Year of isolation Origin Host species  Genotype  Accession number
VHSV-1Va-KOR-YGH-Wando 2010 Korea  Olive flounder IVa JQ651388
VHSV-IVa-KOR-CJA-Jeju 2010 Korea  Olive flounder IVa JQ651393
VHSV-IVa-KOR-FYeosu05 2005 Korea Olive flounder IVa KF477302
VHSV-IVa-KOR-KJ2008 2008 Korea  Olive flounder IVa JF792424
VHSV-1Va-KOR-GeoJe-201001 2010 Korea  Olive flounder IVa unpublished
VHSV-1Va-KOR-Jeju-201001 2010 Korea  Olive flounder IVa unpublished
VHSV-1Va-KOR-Jeju-200501 2005 Korea  Olive flounder IVa unpublished
VHSV_IVa KOR-KR2002 2002 Korea  Olive flounder IVa AY167587
VHSV-IVa-CHN-PORV 2005 China Olive flounder IVa KC685626
VHSV-1Va-JPN-JFOOEhil 2000 Japan Olive flounder IVa AB490792
VHSV-IVa-JPN-JP990Obama25 1999 Japan Olive flounder IVa DQ401191
VHSV-strain KRRV9822 1998 Japan Olive flounder IVa AB179621

Makah 1988 USA Coho salmon IVa U28747

BC93-372 1993 Canada  Pacific herring IVa DQ401186
U13653 2005 Canada Drum IVb HQ453209




OtA[OtO A E2|E viral haemorrhagic septicaemia virus (VHSV) isolates Q| AISEA

S
=l

CA-NB00-01 2000 Canada Mummichog IVb EF079896
CA-NS04-01 2004 Canada Brown trout IVb EF079899
DK-F1-1962 1962 Denmark ~ Rainbow trout I AF345857

DK-Hededam-1972 1972 Denmark  Rainbow trout I 793412
1455-07 2007 Slovenia  Rainbow trout I (GQ292534
DK-200070-4 2000 Denmark  Rainbow trout la AY546612

Fil3 1983 Germany  Rainbow trout Ia Y18263

Cod-Ulcus 1979 Denmark  Atlantic cod Ib 793414
JP96KRRVI601 1996 Japan Rainbow trout Ib DQ401190
DK4p37 1997 North Sea  Blue whiting Ib FJ460590
DK-5151 1988 Denmark ~ Rainbow trout Ic AF345859
NO-A16368G 1968 Norway  Rainbow trout Id AY546621
23-75 1975 France Brown trout Id FN665788
FiA03-04 2004 Finland ~ Rainbow trout Id AMO086382
GE-1.2 1981 Georgia  Rainbow trou Ie AY546619
DK-1p52 1996 Baltic Sea Sprat 1 AY546576
DK-1p53 1996 Baltic Sea Herring II AY546577
CK-1p55 1996 Baltic Sea Sprat II AY546578
DK-4p168 1997 Skagerrak Herring 11 AY546582
IR-F13.02.97 1997 Ireland Turbot 11 AY546620
FR-L59X 1987 France Eel 11 AY546618

Za} 9l Ek B35S genotype 1Vao] E3HE|Q)om, VHSV

2 Atolde F 87119 =} VHSVE] #el552]
VHSV-1Va-KOR-YGH-Wando, VHSV-IVa-KOR-CJA-Jeju
(Cho et al., 2012), VHSV-IVa-KOR-FYeosu05 (Kim
et al, 2013), VHSV-IVa-KOR-GeoJe-201001,
VHSV-IVa-KOR-Jeju-201001, VHSV-IVa-KOR-Jeju-
2005011} HSV-IVa-KOR-KR2002 (Kim et al., 2011)
B35} GenBank 25| ¢1.8-28719] €]=+ VHSV
HE)EE (Table 1)2] G SR10] AL H]mEAS}
A} (Fig. 1). oA HauAEat sdstA Ale=/de
Z 47)12] VHSVE]| Z1550] 4 genotypes (I~1V)of| &5}

O 2 YEPST) (Snow et al., 1999; Einer-Jensen
et al., 2004; Lumsden ef al., 2007). =& =] VHSV

genotype [V+= £ 9] Pacific coast, Great Lakes2} o}

Ao o] Ha|F7} E3hE [Vaol 502 Atlantic
coast?] Ha]FE0] 2&hE [VbE AI1E8E
(Elsayed et al., 2006; Gagné et al., 2007) (Fig. 1A).
Fig. 1BO] AlEro] whzw, 2000t ZHtof] =hfjo
A &7E VHSV Eﬂ% (VHSV IVa_KOR-KR2002)
L QRo| VHSV HelrET) o e 2 Bllet
ook G EESl A6 ol AT
21 o 7199 VHSVE 3k
(Nishizawa et al., 2002). Sht= LUEALe] B2l
Hoj2|2 FelaEa} 5421 3 genotype b 1
of 3H= EajF: (JPISKRRVIS0I)7} 27 542
o} ShAR SRelREe] H oo A the
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o]
BC93-372
/ eFLUSA-Makah \ Vb
97| KOR-YGH-Wando
300 23| | KOR-CJA-Jeju
57t KOR-Geoje-201001
KOR-Jeju-201101 Korea
s KOR-Jeju-200501
KOR FYeosu05 IVa
KOR-KJ2008
CHN-PORV | China
KOR-KR2002
JPN-JFOOEhi1
58t JPN-KRRV9822 Japan

JPN-JP990bama25
H /

Fig. 1. Phylogenetic analysis using the VHSV isolates. (A) VHSV have identified 4 main genotypes (I to IV), with several subgroups
within Genotypes I (minimum Ia to Ie) and IV (IVa and IVb). (B) Phylogenetic position of the Korean VHSV isolates.

genotypeo] 541 k31 genotype IVatt 3]
QUEIES et glck Tel3 2 9 Fol
e GlRE Hel5E oA genotype IVa A%10]
E3J5]of, obAlo} 11%je] VHSVS] %< genotype IVa

AlZ o] 35291 ancestor virusZHE] IAYE LS

Atk

olX|ololl Al Ee]E VHSV H2]2=E59] nucleotide
A E9E-S multiple sequence alignmentS E-3| 1| L5
2 A3k S VHSV Ee|EE2 i 3= 2l
=  (VHSV-IVa-JPN-JF00Ehil,  VHSV-IVa-JPN-
JP990bama251} VHSV-IVa-CHN-PORV) 1} 98.0% ©|
/9] nucleotide G2} A5/ LERASI: ofr|ie
Ab oM S Reesdt dedt 9
VHSV #2]553H= 4~5709) ®lo|7} W= gle
], o]= the HarAjollx] M AAH G-rh o]
single amino acid substitution®] 2]+ VHSV H-&]5=9]
TR AR Aole] FRsAE FHAIL 2lek

(Betts and Stone, 2000; Campbell ef al., 2009). VHSV 2]
G thl2l8 ==229] interferon (IFN) response2] G-
of Zojgtctar GEA 9.2 (Boudinot ef al., 2004;
Tafalla et al., 2007), rhabdovirus 2] 73-9-9Jl= G protein
o] 7+ %710 attachment2} fusion (Matlin ef al., 1982)
of grojrity BuElal, FA7HE01o AU
VHSV ] 78 <3579] IFN response 2] A Htt 27|
A 9 BA9F H HRlo] e Ao dEA glof
(Campbell et al., 2011), Z}=+9] EgjFEE0] 27| tha
WU 9 S0l 7H 7sdo] Qlek VHSV
© HelgA B A9
Committee on Taxonomy of Viruses, ICTV)2] E5FH
of ufe} ofe} vlo]el 2 (Bbola vins)S} QISR
H}o]2 A (influenza virus)Q} 2 group VE B35
t}. 3L single-stranded RNA genome © & T}E RNA
viusE% WP E e Z8kE oprlshe
error-prone replication mechanism2- 7}4]7] wj&o] A
o7} Alsl 4 Tt 7 1Akl digh <
ol golet BhH, =8- F/de 7 vojeias
o] Z}5 &35} (Holmes, 2009; Snow, 2011). whak
A, A&52191 Agriolo] Hues B AAQl A

(International
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Fig. 2. Multiple sequence alignment analysis of Asian VHSV isolates. Korean strain-specific nucleotide residues (*) of G
region, Japanese strain-specific residue (O), Chinese strain-specific residues (A), and regional specific nucleotide sequences

in Asian VHSV isolates (@) were indicated.

o FHO| F77F Basi

A VHSV 22|559] 5ol4 7|4 E] &
015 9J3}| multiple sequence alignmentS- E3f oFAJo}
9] VHSV E2FE2] nucleotide A EE2S vl
A}l G-oh o] 8 Ko (G34, €528, AT55, T834,
T951, T1147, T1221, T1336)°]| 4] =+u] VHSV E&|F
59| B0l AMEE 2RIsINI (Fig 2). T3 F=
2l VHSV Eej5=0] Bol4 7|AE 11 F9
(C498, C545, C548, Co42, G648, T678, A738, C804,
C834, G851, C1139)2} QX S VHSV He|F9]
S0l G7IME 1 F9] (C179)E &le 4= U3tk
VHSVO]  le|=te] A7IAE fAkEE
99.1~100% R om, = Eej5et T EdFe
98.1~98.7%, M+ 2|52k 98.5~99.2%9] 54
= Holck o]zt vlo]H A AHHo|o| TS
Zlzte] o R K, ot Fo] FAJ=H 2 7|7t

2
rE
ol

F) oxehk b)) gtk ke
F= o3& A, punctuated equilibrium theory) T}t
42 Qg dolhd 24 viskso] 27
§ oo ALL AH WshA ks B
(progressive evolution, gradualism) ©. & TS oL
1 sl ek 2 ATk oo VHSV
ol 4] North American®} European VHSV £
o] EUT 2214 91419} 77 THE VHSV7}
= A]7]E E3) nucleotide mutationS 21314 oF
(®

x
e

of
ol

gz N ol rh e
i ey Ol'l;ﬂ

ox

7] (phase of genetic stasis; slow evolution)2} £3}7]
(phase of stepwise evolution; fast evolution) 2 ™3}
xste] ch PR E ABEIAYT (Benmansour ef
al.,, 1997), th2 FHHO 2= Z4719] ] £2]5=9]
mcleotide H|<22] Holol 3] el o] o] FHel
2 4 9lo] 7117 W5je) WA o] 753}
o} 2 AtollA] gl ofAJotol A E2]E VHSV
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weFE] 5ol4 A7IMEY] WP F
VHSV ] A drio]/dol ik Aok HuEs 2
Aol Sast 744 n= 28 o 3k otk
Genotype [Va2] Asian VHSV E2|352 E§3H
A M|AH o2 SH% VHSVE genotype S (I-1V) <]
Gregion®] =Uf VHSV 22]559] Sol2|Ql Ads
2Rlsl7] Slslo] 5 4050 Helrsel @714eS
2A]5le] Asian VHSV 9] #e]5=53t] Blw Ay} =
ol VHSV 2ele] Sol4 Reld § 291 (634,

&
o

probability
o
a

G

o
o

&
o

probability
o
a

€528, A755, T834, T951, T1147, T1221, T1336) &
3 29l0) SHVHSY HelF Sold Qrl4es
(A755, T834, T1221)S ERI3IH 1L 420] JHEZZE
S| Bold] 7 MBS EASHA| it TmEel
o] 9 vl e Hefre] Agdo] 15 Wole} 27}
Q] o517} B Qs 7otk WebLogo 3 (http://weblogo.
threeplusone.com) (Crooks et al., 2004)5 023} G-region
A4 logoE 018t positional probability consensus@} 2]
815 o7|HBS 717k ISk (Fig 3).

AT | =22 7171 T u

The 741-760 region of VHSV G protein

760
WeblLogo 3.3

The 821-840 region of VHSV G protein

(LA

0.0 — . '
825 « 835 840
834G>T WebLogo 3.3
C
The 1211-1230 region of VHSV G protein
1.0
=
T_S“
T05
=
o
0.0 . —I
1215 1220 * 1225 1230
1221C>T WebLogo 3.3

Fig. 3. Korean strain-specific G-region sequence logos. Each nucleotide positional probability consensus was generated using
WebLogo 3 (http://weblogo. threeplusone.com/). Korean strain-specific nucleotide sequences (*) of G region in 40 VHSV

isolates were indicated with nucleotide substitutions.
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& Aol =3 VHSV 22559 AEEA
1l J7|A Qo] Bal Al 2005 o] RARE obA]
o} Z7}] VHSV O] Bej3El 7} 2|do] EAZ Q]
A7) 591 Zhsla glon, ojejgh VHSV Y]
027 EXEX| tgh ol e} KHo] Bhal W 7o

712l gt ofsfiel A+ w70 B2e =2
o1 FAJH<l A7 Eqaw e A
g el et A=t A=rE 2 Aol

=
Suls] WAlop ] Az siokS 7 91k % o
itz EluetolA 23t 8%

9] glycoprotem (G)Y] A71M Y-S EA5}o] Korean
VHSV Hel357t 7| R s a9 o) Hejs
== 74]%%“%’ SF2l 02 1]usto] Gprotein] 8 -]
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