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Abstract

Viruses are known as serious pathogens, which can cause severe disease sea
fish diseases, especially red seabream iridovirus (RSIV), viral haemorrhagic septicaemia
virus (VHSV), viral nervous necrosis virus (VNNV), marine birnavirus (MABV)
and hirame rhabdovirus (HRV). VHSV has been a serious viral disease that infects
the olive flounder in South Korea. Clinical signs of VHSV infection are skin darkening,
abdominal distension and haemorrhages. Outbreaks of fish iridovirus disease was
first reported from red seabream, Pagrus major farms in Japan. Recently, iridovirus
infection have occurred frequently from olive flounder farms in South Korea. VNNV
1s a worldwide viral disease affecting several species of cultured sea fish such as
olive flounder in South Korea. MABYV is also causes serious problems in the olive
flounder farming industry in Japan. The infectious marine birnavirus are well
known fish pathogens in Asian countries such as Korea and China (olive flounder
farm). The initial case of HRV was reported from olive flounder farms in Japan.
Since then, HRV infections with severe mortalities have occurred at olive flounder
farms in South Korea.

In this study, disease surveillance was performed to monitor the prevalence of
viral diseases in olive flounder from 2014 to 2015. The fish samples were collected
from 60 different farms of Jeju in April, May, September, November and December
2014. In 2015, the fish samples were collected in March (60 farms), May (55 farms),
July (52 farms) and October (53 farms) from different farms. RT-PCR or PCR results
showed that VHSV were detected in 7 farms (2014-5, 2015-2). In addition, the
suspected of viral disease were detected by PCR with each specific primers.
RT-PCR or PCR results showed that VHSV were detected in 8 farms (2014-5,
2015-3), but other viral diseases have not been detected in any farms.

The sequences of the nucleocapsid protein (N) gene and glycoprotein (G) gene
of 15 VHSV isolates were successfully amplified and sequenced. Phylogenetic analysis
was performed using the VHSV sequences reported here together comparison
with the nucleotide sequences available from the GenBank database. Phylogenetic
analysis indicated that most of Korea VHSV belong to the genotype IVa and closely

related to the strains from Japan and China.
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AFAG] Fo FANFEN A FAL 19809 vhRE A g3t A %A
o= A gom AFES FA WA AT 20139 23280E 0
FE FAAA Selvhe Ssol R AT oF 50% ol 4 A5
o, Aol WA wolgay AW o@ g md A7d £
of WSty Qi Agelrh Sevtel ¥ WA YL oyt fEA

o] F2 Hlo]# A2+ red seabream iridovirus (RSIV)9} #Z2 DNA Hfo]# 2~

=l
%2

lo,
rok

¢} viral haemorrhagic septicaemia virus (VHSV), viral nervous necrosis
virus (VNNV), marine birnavirus (MABYV), hirame rhabdovirus (HRV)
5% 2 RNA violel2~ AW o] BaH il vt (Cho et al., 2010).
VHSVE F=2 §F83x99 FA7/E° (Oncorhynchus mykiss)Yt o2 &
ofFolA Z IFAE FL e vpolelx ABoR dEA gto, olFo] &
T R AFolFE Este] oF 90F dHE Fiste ow FAHAGY
5 9]

2
(Mortensen et al., 1999). =ruje] %o = 2000 ©] ok Ao

(-

Y2 (Paralichthys olivaceus)o Al S SHE o]% &

ol AgErlel vaA e REgE fHEHO A A & AR S
st Aow A WA (Takano et al., 2000; Isshiki et al., 2001), A A
FER A7) (World Organization for Animal Health, OIE)9] FAHsE 2 H
elHol A Aot dedddaBer AAFgEol A WA Ast L U S
A w¥o] I e+¥al = AAolvh. E3IF VHSVE Rhabdoviridaet
Novirhabdovirus%ol X35 ©d 719l RNAE 717 6709 geneE2
nucleocapsid protein (N), phosphoprotein (P), matrix protein (M), glycoprotein
(G), non-structural protein (NV) % RNA polymerase (L) o= FAH
t} (Schutze et al., 1999). Snow et al., (1999)2} Lumsden et al., (2007)<
VHSV?] N3t G F84 471449 ATEFHA 24 Edz A 47

=
£
A genotypes® T35t olE FAYFL X FH Ao wz} Genogroup I
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(European freshwater and sea fish), Genogroup II (British Isles), Genogroup
I (North Atlantic and North America), Genogroup IV (Pacific coast, Atlantic,
Great Lakes, Japan and Korea)2] 471412 Fd8 o] dukslE o] 9l oW (Einer-Jensen
et al., 2004; Dale et al., 2009; Kim et al., 2011), $-8l42}+= Genogroup IVl
Eols HuAd} dEollA EelEs nlolgaet FAkehaL WE A Qlth (Nishizawa
et al., 2002; Kim et al., 2003; Lumsden et al., 2007).
RSIVel 7% 1990d L o] Z= (Pagrus major) W2 4o S0 =2 H
nE F =, T, sEobAol A HolA 25T o] oAFH a7
2 o5}t (Inouye et al., 1992; Matsuoka et al., 1996).
08 wallet x99 =% (Oplegnathus fasciatus) %2174
A Ae EHE 5, gE oAF FFoly JA T3 2 dFojiMe
Ax o] T 2 A AR ke FElE T dk (Do et al., 2005).
RSIVe] AH 99 wlole] 2= Megalocytivirus®l %3tH, A A AESEA ¢
3 47§2] subgroups® T3}, subgroup I & RSIV, subgroup O+ =W 2] wj
d E% 5o 273 gAlS 4o 7)= RBIV, subgroup M-S F9 &7}
(Siniperca scherzeri)ol A 28 ISKNV7F dE 4ol subgroup V&= d

o
AL
i
AL
1o
ol
o
©

2 (P. olivaceus)®}t turbot (Scophthalmus maximus) .25 ¥ TRBIV
2 4HA At (He et al., 2001; Do et al., 2004; Shi et al., 2004).

VNNVl ogt AWe 1990t SHHE-H d x| (P olivaceus), = %Y

B

(Pseudocaranx dentex), turbot (S. maximus) 5 U3 sjako] 7ol A ztat
A5 of7|st wlolgla AWor HuHgow EH ufE7)d A o
wak ofyel dojo e HALE FEets HAAZ Fd9An (Fukuda
et al., 1996; Sohn et al., 1993, Watanabe et al., 2000). $-&]1gtel A= 1990
d 549 (Epinephelus septemfasciatus) F27doA AHe Hid & dA
(P. olivaceus), s (Mugil cephalus), <7191 (Sciaenops ocellatus)o <] %= VNNV
7F £2]9 3t (Oh et al., 2005, Gomez et al., 2008). =3 VNNV Nodaviridae
of &atm wpolejx fQudwd fFHx ALY AlFEA wel 4714
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genotypes® WA =4, SINNV type =553 (P dentex) NNV, TPNNV
type A8 (Takifugu rubripes) NNV, BFENNV type =% 7}A1] (Verasper
noseri) NNV, RGNNV type WX (P. olivaceus)®t €812 (Epinephelus akaara)
NNVZ FE5H (Nishizawa et al., 1997), =] A2 o] Folq HEE VNNVE=
% RGNNV typed] €£3ate= Aoz Bauw il gltl (Oh et al., 2005, Cha et
al., 2007; Gomez et al., 2008).

MABVoe| thst g o] k2 vro] (Seriola quinqueradiata) * o]l A
= T8 TR stv AW HAdAE As E9d F @, T
A 2o A gz #JA7F 2R e (Chou et al, 1994; Sohn
et al., 1995; Takano et al, 2001), & <2 djato]F 2 290 (Plecoglossus

1o

e
o|N

S
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altivelis), 2] (Seriola lalandi), 87V (Verasper varigatus)ol A= 79 5

o7 4#HA Av; (Isshiki et al., 2004). =3 MABV+ Birnaviridae©l

rr

1y

s, dA AsEAgHoR 7744 genotypes® Twotal (Blake et al.,
2001; Nishizawa et al., 2005), Genogroup I & FX|7/H49] (O mykiss)ES *
shstal lem, Genogroup M P9 WA (Anguilla japonica)7} o &4 ©]
H, Genogroup Met V&= WA Y Ao (Salmo salar)E *EFsta 9lom,
Genogroup V i= Arctic char (Salvelinus alpinus) 258 39 #257F &
StE ™, Genogroup VIi= 7372 117] (Esox lucius)S ¥3+81H, Genogroup VIE %

2 (P. olivaceus)®t "ol (S. quinqueradiata) 258 33 EoF2 48 A
2t (Nishizawa et al., 2005; Kim et al., 2013).

HRVE 429 HA (P. olivaceus) F27%olA A5 A=A o™ (Gorie
et al., 1985; Kimura et al., 1986), -%-glvetol A= 1990 o] o] F =73 A
Ao AFrld gdAeA wid wAste] A A B2 oEwS A1
Atk (Oh et al, 1998). ®3+ HRVi= Rhabdoviridae® Novirhabdovirus3: ol
b, EE ofFelA AFEY A=en &, HRAR 25 oA =9
S7%o] #EE Y (Kimura et al., 1986; Oseko et al., 1983).
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Ax AFE AFAAALADE] G GdAE gaton A¥e S5 2014
ol 60712 WA FAZomRE 49, 59, 99, 119, 1294 UAS &
Aot ar, 2016 d el = 39 (60714), 52 (B574), 79 (B2714), 102 (537
2o WAE ST FhHos AR da] kg (201445 15702, 2015
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AAE AASEA
2. PCR ¥ sequencing
2.1. Primers #| 2}

RSIVe] AALE flste] WRFAYE A A HAA 88 (Fd54t2e)
A ot Al 843%) F RSIVD AEHAN A we} primer setE A Ztsle] PCR
Wio] ARSI, MABVS HRVE Sold oz FEAL & s A%
¥ (Cho et al, 200N A& A+-&3FA T (Table 1). VNNV+= full length open
reading frames (ORFs)e] AME& EdE 2 AFAHoA A#stdd i, VHSV
of gt primers= Alew74 41 918 N-gene® 444 bp forward primer
(5-GAGAGAACTGGCCCTGACTG3)¢}t reverse primer (5-ATGATCCGTCT
GGCTGACTC-3)& Cho et al., (20072 el wa} A2k ar, G-gened)
1,340 bp forward primer (5-ACAGATCACTCAACGACCTC-3)¢} reverse
primer (5-~ATAGTGACGGCCAAAGACTC-3)= ORFs9 A<Es EUi=

Ao Al zrste] PCR Wl AE-38FATE (Table 1).
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Table 1. PCR conditions and primer sequences for the detection of virus from the olive flounder

of Korea
Product
Target! Oligonucleotide sequences of primer PCR condition size
(bp)
N gene | F| 5'-GAGAGAACTGGCCCTGACTG-3’ i i i
94°C (30")-55TC (45")-72C (45") 444
VHSV-N | R| 5-ATGATCCGTCTGGCTGACTC-3’
G gene | F| 5'~ACAGATCACTCAACGACCTC-3' . . .
947 (30")-52TC(30")-72C(1") 1,340
VHSV-G | R| 5'-ATAGTGACGGCCAAAGACTC-3’
F| 5"-CTCAAACACTCTGGCTCATC-3’ . . .
RSIV 94°C (30")-58T (60")-727T (60") 570
R| 5'-GCACCAACACATCTCCTATC-3'
F| 5" -CATCACCGCTTTGCAATCAC-3’ i i i
VNNV 94°C (30")-55T (45")-72C (45") 1,061
R| 5'-CACTAGGGAACCGGATGACC-3’
F| 5'-GCACCACGAAGGTACGAAAT-3’ i i i
MABV 94C(1")-55TC1")-72TC1A") 597
R| 5-GTACGTTGCCGTTTCCTCAT-3’
F| 5"-ACCCTGGGATTCCTTGATTC-3’ i i i
HRV 94°C (30")-55TC (10")-72C (45") 533

R| 5'-TCTGGTGGGCACGATAAGTT-3’

DVHSV, viral haemorrhagic septicaemia virus; RSIV, red seabream iridovirus; VNNV,

viral nervous necrosis virus; MABYV, marine birnavirus; HRV, hirame rhabdovirus.



22. DNA &

RSIV 7% AwS 913lo], DNeasy® Blood & Tissue Kit (Qiagen Hilden,
Germany)E Abg3sto]l {29 B £ 025 total DNAE &8ttt W
A ZF v 222 10 mgoll ATL buffer 180 w9} proteinase K 20 (& #
7velo] 56 ColA 22 o] & wi7tA] db-S-A1Z k. v - AL buffer 200 uf
£ Yo 4 v ethanol 200 xlE TISFY] spin columne] %7 6,000 x g
(gravity)ol A 157 H4AE8359 0. Columnes A ZE tube® %7 5 AWIL
buffer 500 <t AW2 buffer 500 W& ©ol&3ste] MHAALHS AR & AE
buffer 30 WS HA7lsle] HEHOZ DNAS st £2ld DNAE 23
A7tA -20TCol| B 3st

23. RNA & % cDNA &4

ol

VHSV, VNNV, MABV % HRVl w3t 9 s Aste], Ao A%
ZAS &3] AT #AwE 2 l= Viral RNA Mini kit (Qiagen Hilden,
Germany)E ©]£3] RNAE g5ttt WA 2 213 %22 10 mgol nuclease
freewater 140 WS A 7}8Fe] homogenizer®= whaj&tich w23 H MEZ&
AVL buffer 560 wE ¥ 15%3F 412 o5 Ao 10=7F ¥HS 3 ethanol
560 w0E tldte] spin columndl &7 6,000 x g (gravity)ol A 1827+ A& g
AT Columnes A2 tubeZ %71 & AWI buffer 500 e AW2 buffer
500 W= olgste] MAHAFAHEE A 3 AE buffer 30 WS H7lste] HE4
© 2 RNAE #e3i3ith weld RNAE= A3 A7k -20Ce maekeivt. RT-PCR
2 3 ule] viral RNA, 4 xe] 5 x Reaction buffer, 1 xl2] reverse transcriptase,
1 w02 dNTP, 1 ©09] Oligo(dT) primer 2 24 p MgCl, ¥ 11 #H%F volume©]
20 wW7F ¥ %= nuclease freewater H7Fsk & 25T A 55, 42T A 1A3F,
70C 15:E7F RESAA A st



24. PCR ¥ sequencing

PCR< microtubed] 1 uM<e Z+ primer, 2.5 mM<e| 2 dANTP, 10 x G-Taq
Buffer, 25 U G-Taq DNA polymerase (Gene Pro Themal Cycler Cosmo,
Korea) %2 template DNAZA F&¥H ;S H7Fg § distilled water®
PCR 3% H% volumeo] 20 u7} ¥%== &1, PCRY %7S (Table
Dol ettt PCR & % A& 2 1xTAE buffer (40 Mm Tris—acetate,
I mM EDTA)E A79& & 9t g3 do=2 3o 05 pg/ul ethidium
bromide”} #71¥ 1% agarose gel’dollA A7]19 & 3 & UV #H=7]oA A
3= #ZsA Y. PCR 5% AHE2 Gel purification kit (Bioneer, Korea)& ©]

g3 AAs+e], TOPO TA cloning®kit (Invitrogen, USA)Z cloning3}t 1, <
719 A4S g8kt (Solgent, Korea).

AN AEEA LS BioEdit program® Clustal W (Thompson et al., 1994)
£ AE3l9] GenBankol SE%® N gened 29719 #2]5 (Table 2) ¥ G
gene?] 3871¢] 25 (Table 3)¢ 37 alignment 3} t}. Alignment® 7
A& MEGA program version 4.0 (Tamura et al., 2007)¢] neighbor joining

criterias skl AV A FAH AL AT 24s A

_l



Table 2. VHSV isolates used in this study for comparison of N gene

Virus isolate Year Origin Host fish Genotype GenB‘ank
Accession No.
14-PS-10 2014 Korea Olive flounder Va Unpublished
14-SG-01 2014 Korea Olive flounder Va Unpublished
14-NW-03 2014 Korea Olive flounder Va Unpublished
14-DJ-20 2014 Korea Olive flounder Va Unpublished
14-DJ-19 2014 Korea Olive flounder Va Unpublished
14-NW-02 2014 Korea Olive flounder Va Unpublished
14-NW-12 2014 Korea Olive flounder Va Unpublished
14-PS-17 2014 Korea Olive flounder Va Unpublished
14-SG-03 2014 Korea Olive flounder Va Unpublished
14-SS-25 2014 Korea Olive flounder Va Unpublished
15-HL-01 2015 Korea Olive flounder Va Unpublished
15-PS-07 2015 Korea Olive flounder Va Unpublished
15-DJ-25 2015 Korea Olive flounder Va Unpublished
15-PS-03 2015 Korea Olive flounder Va Unpublished
15-SG-04 2015 Korea Olive flounder Va Unpublished
KR-YGH 2010 Korea Olive flounder Va JQ651390
KA-CJA 2010 Korea Olive flounder Va JQ651385
JFOOEhil-]JPN 2000 Japan Olive flounder Va AB490792
KRRV9822-JPN 1998 Japan Olive flounder Va AB179621
CA-NS04-01 2007 Canada Brown trout Vb HQ168409
CA-NB04-01b 2007 Canada Brown trout Vb HQ168408
15-JUL-2009 2009 USA Esox masquinongy Vb GQ385941
MIO3GL 2006 USA Esox masquinongy Vb DQ427105
ON41 2011 USA Diporeia sp. Vb HQ415762
FS280208-V 2010 Norway Rainbow trout m GU121102
V230308-5 2010 Norway Rainbow trout m FJ362515




FA281107
BV060408-52
860/94
F13.02.97
H17/2/95
07-71
FR-07-71
DK-3592B
Fil3
DE-Fil3-wt
Cod-Ulcus
SE-SVA-14
SE-SVA-1033
DK-5e59
96-43
DK-4p37
UKMLA98/6HE1

DK-1p8

2010

2010

1994

1997

1995

1997

1990

1997

1983

1983

1979

2009

2009

2009

2000

1997

2009

2009

Norway
Norway
Scotland
Ireland
North sea
France
France
Denmark
Germany
Germany
Denmark
Sweden
Sweden
Denmark
Britain
North sea
Britain

Denmark

Rainbow trout
Rainbow trout
Turbot
Turbot
Haddock
Rainbow trout
Rainbow trout
Rainbow trout
Rainbow trout
Rainbow trout
Atlantic cod
Rainbow trout
Rainbow trout
Rainbow trout
Atlantic herring
Rainbow trout
Rainbow trout

Rainbow trout

H = B H

=

Ta

Ta

Ta

Ta

Ta

Ib

Ib

Ib

Ib

Ib

Ib

EU481506
FJ362510
AJ130915
AJ130916
AJ130924
AJ233396
D00687
AF012093
Y18263
X73873
793414
GQ325428
FJ460591
GQ325429
AF143862
FJ460590
GQ325431

GQ325430

10



Table 3. VHSV isolates used in this study for comparison of G gene

Virus isolate Year Origin Host fish Genotype GenB‘ank
Accession No.
14-PS-10 2014 Korea Olive flounder Va Unpublished
14-SG-01 2014 Korea Olive flounder Va Unpublished
14-NW-03 2014 Korea Olive flounder Va Unpublished
14-DJ-20 2014 Korea Olive flounder Va Unpublished
14-DJ-19 2014 Korea Olive flounder Va Unpublished
14-NW-02 2014 Korea Olive flounder Va Unpublished
14-NW-12 2014 Korea Olive flounder Va Unpublished
14-PS-17 2014 Korea Olive flounder Va Unpublished
14-SG-03 2014 Korea Olive flounder Va Unpublished
14-SS-25 2014 Korea Olive flounder Va Unpublished
15-HL-01 2015 Korea Olive flounder Va Unpublished
15-PS-07 2015 Korea Olive flounder Va Unpublished
15-DJ-25 2015 Korea Olive flounder Va Unpublished
15-PS-03 2015 Korea Olive flounder Va Unpublished
15-SG-04 2015 Korea Olive flounder Va Unpublished
KR-CJA 2010 Korea Olive flounder Va JQ651388
KR-YGH 2010 Korea Olive flounder Va JQ651393
CHN-PORV 2005 China Olive flounder Va KC685626
JFOOEhil-]JPN 2000 Japan Olive flounder Va AB490792
JP9900Obama25 1999 Japan Olive flounder Va DQ401191
Makah 1988 USA Coho salmon Va 28747
GCVP-03 2010 Korea Olive flounder Va JQI52776
GCVP-27 2011 Korea Olive flounder Va JQO952782
GCVP-07 2010 Korea Olive flounder Va JQI52777
GCVP-12 2010 Korea Olive flounder Va JQ952779
GCVP-09 2010 Korea Olive flounder Va JQI52778

GCVP-20 2010 Korea Olive flounder Va JQ952781

11



GCVP-01
GCVP-18
FWando05
FJeju05
FWando08
FYGO8
JY-0112
JP-KRRV9822
Obama25
FYeosu05
KJ2008
U13653
CA-NB00-01
CA-NS04-01
DK-4p168
IR-F13.02.97
FR-L59X
DK-1p52
DK-1p53
DK-1p55
DK-204022
DK-204038
DK-204062

DK-200070-4

JPO6KRRV9601

DK-6p403

2010

2009

2005

2005

2008

2008

2001

1998

2002

2005

2008

2005

2000

2004

1997

1997

1987

1996

1996

1996

2004

2004

2004

2000

1996

1999

Korea
Korea
Korea
Korea
Korea
Korea
Korea
Japan
Japan
Korea
Korea
Canada
Canada
Canada
Skagerrak
Ireland
France
Baltic sea
Baltic sea
Baltic sea
Denmark
Denmark
Denmark
Denmark
Japan

Denmark

Olive flounder
Olive flounder
Olive flounder
Olive flounder
Olive flounder
Olive flounder
Olive flounder
Olive flounder
Olive flounder
Olive flounder
Olive flounder
Drum
Mummichog
Brown trout
Herring
Turbot
Eel
Sprat
Herring
Sprat
Rainbow trout
Rainbow trout
Rainbow trout
Rainbow trout
Rainbow trout

Herring

Ta

Ta

Ib

Ib

JQO52775
JQ952780
FJ811900
FJ811902
GU265811
GU265812
AY167587
AB179621
AB060725
KF477302
JE792424
HQ453209
EF079896
EF079899
AYbHA6582
AY546620
AY5H46618
AYbHA6576
AYDBA6577
AYDHA6578
JF681347
JF681342
JF681314
AYbH46612
DQ401190

AY5H46584

12



4. whole| 2 W)

Hlolg] 2~ 9] HjFS Q&) 7rdole] AFFAS 10~20 mg A% Fo| Dulbecco’s

modified eagle medium (DMEM) (Gibco, USA) 200 S Yol Z&AE 7]
2 #A3 3 T 800 WS v H7Fste] 4TolA 587 5000 x g (gravity)
2 YARFEAT. FEAS FEee] 10527 12,000 x g (gravity) YA
g & Azde A g2 ALg3to] 045 pm syringe filter (ADVATEC,
Tokyo, Japan)® o33k § FAoje] £2 viaf of3}e& CHSE-214 cell
lineol A& & 20CoA wjgstH A A EZWA &3 (cytopathic effect,
CPE)E &2&du. AlE vkl & 5% fetal bovine serum (FBS), 1%

antibiotic-antimycotic (Gibco BRL)S #7}3 DMEM 2. & A}-83}3)
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m. 23

1. PCR 23

L1. 20143 &= whelej =7 AW RUHY

AFEe] AFA ek A EA A A= 60704 2hzhe] JA FAZEET
Bl 20149 4, 5,9, 11 % 12€¢] A& F=9=2 3072 (5~600g)
&to] 13]o] 1,800vHe]¥ & 9,000vt & o= nloleladd AW EUH Y
< AAsT Al 2AME Tl AAF e R AAT 5F 9 nlol# s

il
-+
Y

7V HEE AR T MY FAEAA Hlole 2T HEH AL, ofF Bl
H27t AEE JNA FoA ol& mioly &7 AAEE TS AR 4
I, VHSV7ZF 59 3704 (6%), 1149 1704 (1.6%), 129 1704 (1.6%)%0 Ao
= g o (Table 4), HA=49 2 F279 30vke] @A thd VHSV
AEE&L 66~333%2 Aoz et} (data not shown).

AAL O ez AR 559 Hhelg 2<%l VHSV, RSIV, VNNV, MABV %
HRVel th3 PCRS AA% A3l VHSVE A|9)d 459 nfolgas HE
A gkom (data not shown), VHSVE 4<% N gene (444 bp) % G
gene (1,340 bp) primer set& 7}7} AF8-3F RT-PCR WHE T3l A=4 5
Mol e85 14-PS-10, 14-SG-01, 14-NW-03, 14-DJ-20, 14-DJ-19= 2}
P x7lek o (Fig. 1).

N
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Table 4. Distribution of virus infection in cultured olive flounder in 2014

Detection rate (%)
(No. of positive / No. of farms)

Virus
April May September November December
0 5 0 1.6 1.6
VHSV
(0/60) (3/60) (0/60) (1/60) (1/60)
0 0 0 0 0
RSIV
(0/60) (0/60) (0/60) (0/60) (0/60)
0 0 0 0 0
VNNV
(0/60) (0/60) (0/60) (0/60) (0/60)
0 0 0 0 0
MABV
(0/60) (0/60) (0/60) (0/60) (0/60)
0 0 0 0 0
HRV
(0/60) (0/60) (0/60) (0/60) (0/60)
M1 2 3 4 5 M6 7 8 9 10 M
1000bp
500bp

Fig. 1. Detection of the VHSV gene by RT-PCR using the N (lane 1-5) or G (lane 6-10)
primer set. Lane 1 and 6, 14-PS-10; Lane 2 and 7, 14-SG-01; Lane 3 and 8, 14-NW-03;
Lane 4 and 9, 14-DJ-20; Lane 5 and 10, 14-DJ-19; M, 1 kb DNA ladder.
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1.2. 20158 &= wpejej =7 AW ZUHY

O
i

AFES AFAG AALA ] g3k dzte YA FHFEZRH 015
W 3¢ (60714), 5E (G574, 79 (B2714), 108 B3/l A& ¥
= 30 (5~600g)E F718te] & 660008 S iAoz Hio]e] 2

EUHde AAsAn. dA AR FolA HAF ez A3 5%

2
i

i,

3

Lo

Hlolgl 27F HEd AlRe T 2714 A A dolgf vt HEH AL,
7 oHbolgl a7t HEH JHA oA ols HiolH 27t AAsE RlTE £
ARl A3, VHSV7ZF 39 2714 (33%)2] 2ol Al Elx < en (Table
5), AEH 7 2] 30mte] Xl dig AE&2 6.7%% Ao®E e
t} (data not shown).
AAL o= A 559 nvlolg) =<l VHSV, RSIV, VNNV, MABV %
HRVel th3 PCRS AAI3 A3l VHSVE A|9)g 459 nfolgas HE
A ¢kgkom (data not shown), VHSVS 7% N gene (444 bp) ¥ G
gene (1,340 bp) primer setE 242} AFE3 RT-PCR WHS B3 A=% 2

Ml ¥2lFE 15-HL-01, 15-PS-072 77t #7189t (Fig. 2).
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Table 5. Distribution of virus infection in cultured olive flounder in 2015

Detection rate (%)
(No. of positive / No. of farms)

Virus
March May July October
33 0 0 0
VHSV
(2/60) (0/55) (0/52) (0/53)
0 0 0 0
RSIV
(0/60) (0/55) (0/52) (0/53)
0 0 0 0
VNNV
(0/60) (0/55) (0/52) (0/53)
0 0 0 0
MABV
(0/60) (0/55) (0/52) (0/53)
0 0 0 0
HRV
(0/60) (0/55) (0/52) (0/53)
1000bp
500bp

Fig. 2. Detection of the VHSV gene by RT-PCR using the N (lane 1-5) or G (lane 6-10)
primer set. Lane 1 and 6, 15-HL-01; Lane 2 and 7, 15-PS-07; Lane 3 and 8, farm 1; Lane
4 and 9, farm 2; Lane 5 and 10, farm 3; M, 1 kb DNA ladder.
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1.3. 7]1€} wpolei =i AW AL

20149 %= (1571 4)FH 20159 % (1174 AA A2 AFA2 A
I YAt FALERNTE wlolg A AWo] oilEo] HAF o=d
HAE tdom volg 2o o3 S et HAF oz Hg e
< 9] vlo]gf =<l VHSV, RSIV, VNNV, MABV % HRVe| tfgt PCRE& 2
Al Ayt VHSVE A28 4F 9] vlolgf2e HEHA %o (data not
shown), VHSV 2] 2% 2014d=ol= 57/4A 2 FolA HEHJ o (Fig.
3), 2015 =l = 3704 FA A HEH AT (Fig. 4).
N gene (444 bp) 2 G gene (1,340 bp) primer setE 27+ A3 RT-PCR
S S8 A9 8y 2T 14-NW-02, 14-NW-12, 14-PS-17,
14-SG-03, 14-SS-25, 15-DJ-25, 15-PS-03, 15-SG-04= Z+Z} % 7]ttt
(Fig. 3, Fig. 4).
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M1 2 3 4 5 M 6 7 8 9 10 M

1000bp
500bp

Fig. 3. Detection of the VHSV gene by RT-PCR using the N (lane 1-5) or G (lane 6-10)
primer set. Lane 1 and 6, 14-NW-02; Lane 2 and 7, 14-NW-12; Lane 3 and 8, 14-PS-17;
Lane 4 and 9, 14-SG-03; Lane 5 and 10, 14-SS-25; M, 1 kb DNA ladder.

M 1 2 3 4 5 M6 7 8 9 10 M

1000bp
500bp

Fig. 4. Detection of the VHSV gene by RT-PCR using the N (lane 1-5) or G (lane 6-10)
primer set. Lane 1 and 6, 15-DJ-25; Lane 2 and 7, 15-PS-03; Lane 3 and 8, 15-SG-04,
Lane 4 and 9, farm 1; Lane 5 and 10, farm 2; M, 1 kb DNA ladder.



2. ATRFHAY B4 2 HA% 454 vm
2.1. VHSV N gene

VHSV N gene primer set®] PCR productE gene cloningst¢] 444 bp2]
N gene @71 4ES W3 oH, 2 AqolA HE" T 1571¢ VHSV &9
TE2% 14-PS-10, 14-SG-01, 14-NW-03, 14-DJ-20, 14-DJ-19, 14-NW-02,
14-NW-12, 14-P5-17, 14-5G-03, 14-S5-25, 15-HL-01, 15-PS-07, 15-D]J-25,
15-PS-03, 15-SG-04 #8553 GenBank database®ZFE 4L 29719 N
gened| @A7IAMEE HlL FA A

SEFIA A A3, FulelA F8E 15709 e T

B genotype IVaol] &3t Zlo=z BAEG O I FNE dEA B

N genes ARE3E 7

¥ B2 (accession number: AB179621, AB490792)¢} AlEEFstH o7
FAeE Aoz Felstdtt (Fig. 5). &9 BT S0z dA7jdS
H sk Ay Ul FAE 16719 ZeE 59 e desAde 979~

99%¢l Aoz YElsko™ (data not shown), S X oA E2l¥H genotype
IVbel= FEFHE Aoz gyt (Fig. H).
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Uy
]

CQ427105

HOQ415762

GQ285941

HQ 1825409

oo |HQ1855408

AB1T7IE21

AB490722

JQE51290

JQE51285
14-F3-107

{ 15-DJ-25*

L 14-DJ-Z20=

- 14-NVW-02 =

4] 14-5G-017

14-MW-12 "
L 14-nvwv-o2"
14-DJ-12*
14-55-25+
15-HL-01*
15-PS-07"
14-PS-17"
14-2G-03"
| 15-Ps-03~

15-5G-047
SUi1z1102
100 | FI282515
EU4Z150G5
FJ2E82510
2z | AJ2333968

Co0Ga7
AFO12092
W A1B252

=1=]

SQ225428
FJ4505a1
GSQ225429
SQ225420
22| AF142282
S225421
FJ450520
AJ120915

]

oo [AJ130916
== AJ120924

Iifb

- Va

Genotype ¥

Genotype I

Genotype 1

Genotype II

Fig. 5. Phylogenetic tree showing the genetic relationships among 44 VHSVs based on the

nucleotide sequences of the N gene. Phylogenetic analysis indicated that most of Korea VHSV's
belong to the genotype IVa. Bootstrap values were transferred to the original maximum likelihood
tree derived from the actual data. The scale bar indicates the number of substitutions per nucleotide

site. * indicates VHSYV isolates in this study.
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2.2. VHSV G gene

VHSV G gene primer set®] PCR productE gene cloningste] 1,340 bp<]
G gene F7IAdS HW3ow, & AFAA A=E T 15714 VHSV &4
TE¢ 14-PS-10, 14-SG-01, 14-NW-03, 14-DJ-20, 14-DJ-19, 14-NW-02,
14-NW-12, 14-P5-17, 14-5G-03, 14-S5-25, 15-HL-01, 15-PS-07, 15-D]J-25,

15-PS-03, 15-SG-04 #8553 GenBank database®=%E 22 38719 G

Ferd B4 Ax 15709 EEF EF N genes
AERE AT E RS BMAAe L AFS EAdd (Fig. 6). 1 T, &
T A Barg #2]F (accession number: KC685626) 3 dZo A Hid #
25 (accession number: DQ401191, AB490792, KRRV9822, AB060725)¢} 7}t
& 7 Ae® Ao (Fig. 6), o= % 42 28759 A7IMEE
I v FA A3 995~99.8% B 99.4~99.8% = 247t we AFsido]l #E

=%t} (data not shown).
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15-PS-07" =
15-0l-25 =
14-5G-01%
14-Da-19 7

1 4-MVW -0 3%
1 5-HL-01#

1 d-MVW -0 2
14-DJ-20 %
Td-PVW-1z2 =
JDOSZTTE
14-PS-17 =

- |14-s5-03*
14-S5-25 =
15-SG-047
15-PS-03%
Jes27s2

L u@es2777

— KF47TS02

“|Fus1 1900 [Va
| — Jcesz7re Genotype v

FJs11902

l— 9 sS2T77E
o F2ESE12
— J RS S2TEA
M-F7az4z4
JOasS2TTS

J@es27E0
_f JDES13ES
alomss1zas
HOE556265
T«-'_|:4-|='S-1D“
nd AW 15T 87
an 'I: SU2E5811
C@401181
AS420722
| KRRV S22
= ABOBOTZES
U2 E747 -
Ho4s53209 } I
EFoTos90

=7 | EFO7 2598
JFE81342

EE | avSaEE12 la
Ll JFES1347 Genotype [
) JFEE1314

D@401130 } Ih
100 |—AY S45554

a7 | AY S45820

0
0

oo AY 546552 Genotype Il
AYS4EE1E
== AY 546573
— iA'Y 545577 Genotype 1I

AN SdE85TE

0
o
11

Fig. 6. Phylogenetic tree showing the genetic relationships among 53 VHSVs based on the
nucleotide sequences of the G gene. Phylogenetic analysis indicated that most of Korea VHSVs
belong to the genotype IVa. Bootstrap values were transferred to the original maximum likelihood
tree derived from the actual data. The scale bar indicates the number of substitutions per nucleotide
site. * indicates VHSYV isolates in this study.
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SR N B

PCROIA A S Yehd VHSVE widS flate] 7 x2
cell lineol ZHAA M F = Fdor A&sAT. HETd = 64T
B, Al=Z7F F93tHa £

g 4 AJY (Fig. 7). CP

cell scraperg ARE3te] AXE

Eol Rdow Rolnrt wiete] @i dds
7h WEb 7l AR 6D Aol
= U AR A7EA 80Tl Htkst

o

(A) (B)

©) §

Fig. 7. Cytopathic effect (CPE) and inverted microscope of VHSV isolates in CHSE-214
cell. Bar=20um. (A), control; (B), 1 days; (C), 3 days; (D), 6 days.
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V., &

eptere] EH FAolEe WAE Ao Zu %A Aol A npolz~
AWl @ Bale]l 2 haEA vhole sy WA

SR
QA obd Fulel Holesy AW og R Amel E oA AFE

-z
I
3

>,

2
s
A
s
it

o
ol
&
2

=)

=)
o%
18
I
X
H
2
'
Mo
>,
ol
s
L
e
2,

ofFFo] FH AdelM Tad AHoer AAA o] v Ao, dAA e 2
< 33t awiAel gk el glorm® o[yl upolel e ZAHEW oF

Ao M= FEvtel X e] AFEFel A|FAFS ggor
2014955 2015 A A wpoly2xAd AW RUHHS XS], 7HAF e
2 MAs 5% nlole]~ = VHSV, RSIV, VNNV, MABV % HRVol| tjjsl

oAl A 3 BdlE vholg el tid ASEAH Has dA s

=

A el Aoy 2 g A Syl g A 2ARE 2Absa &

=

Lo

O

VHSVe] 75 AF5:=
120l wlolefd Ay EUEY Z¥ 59 374 (5%), 119 1714 (1.6%), 12
9 114 (16%) & F o/MAae] 24 A VHSVZE AZ&% AL (Table 4, Fig.
D, A=E 7 A 30mke] dAloll gk VHSV AE&2 66~333%%0 Ao
2 yebdt}l (data not shown). = = Wxe] =77} 15cm wukel X]o] =
0cm ©] el Aol AEHAT oy g Ayt= gAo Ao b ol
dojel M VHSVel og 97} HAgtt= Kim et al., (2009)¢] Akell -8
T dXstar 9tk VHSVZE AE% 5¢, 11€ 9 12¢99] Ho 522 16~18TH
o, 14CollA VHSVE HZA F4o] o] Fo|xH, 6~18T %= VHSVE| 52|
o] 7bestthe= Harel dAskAtE (MEST, 2010).

20151 o = 3¢9 (60714), 59 (B574), 79 (B2714) % 10 (537]Ax)el

6074 HA FAES tide® 201449 4, 5,9, 11 &2
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oz A AW RUH S AAste] VHSZF 39 2704 (3.3%)2] da)golA &
A= em (Table 5, Fig. 2), A=H 7 &27449 30vke] dAlol tist HE&

6.7%% Aoz et} (data not shown). VHSVZE HEH 399 Hit42
& 15T olstgen, 20°] 10~15T o]ste] A5 AN F=2 337}
itE = Aoz FgRlEom, o= ojde] Hiu&d} dA sttt (Kim

et al., 2003). EF 0] WolxE Bo] wHa Aow Mol Feo WE

2 2014d9% (15704)5F8 2015d % (11704)e 24 AFxz A
FAI9F AAEA ] XSt FAFEETEH vlolH A HH o] o4lH o
A4 98" JAE o g vlolg A 7 dadk Ay VHSVZE 2014
Lol 574 A A AEHASH (Fig. 3), 2015d =0+ 37149 &4
oA H=H3AH (Fig. 4. VHSVE € 2= AN 53, 553w 3

-~

A&y 5o ZF4o] B#EHAY (TaKano et al., 2000; Kim et al., 2003). &
ATNAE AMEst, S5 HdEd o A T4 By
o] Aw Aol ¢lo] VHSVSY S F4 35t

Aol Ae] RSIVel 9gt 7S ALa| X HolA A At AAAE o {9}
G2 GdHA AEHReH (Cho et al, 2009), FEE olF= ANSs, &
ZWe =49, SR v A gt s cw #EEY (Do et

al., 2005). VNNV ] 79 1994 Ao HXx| zp-Hofo| A | M8}, = Fxt
= 3 ol Fd& o tFF #HAE Y (Nguyen et al, 1994; Tanaka et
al., 2004). °18g S F< o] Jhestion, Hoj=HE o

Aol AAEHE FARYge] Fd #A9A=Z2 dH At (Nishizawa et al,
1997; Watanabe et al., 2000). = <2 g2 MABVe] 93 A5
Park et al, (2009) X arel] ¢o)&td &v gk &
Aol AEHo] MABVOl tigh FAAE Hu E4Fo=H =i MABV
GHEH L genogroup VIIQ! Aoz Bustgth HRVE Zulo 49 1997d

O
o
il

J

A

R

B2 Aol AAsE o

il
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dA Aol AEEJ e (Oh et al, 1998), VHSVS F4Fo] FAFs}

of ke ofEge] At (Kimura et al.,, 1989).

< gdxdA RSIV, VNNV, MABV % HRVE HZEd dUs A= AF

5}
o AE5 A %9kl (Table 4, Table 5), A& =<l Z nlojg|

Aw o] AT do] #EHA gokt) (data not shown). ©]= A 52| of A <]

RSIV, VNNV, MABV % HRVel ¢Jgt A= o F dixfo] thst &7t

Gk

ol

il

st AAolth, E Aol RSIV, VNNV, MABV % HRVe #dHdA 24
=
[e)

g

574 AWl o A3 A9de

ON
sk

Aol k2 WxoA B3 F 15719 VHSV EHFELS N gene
(444 bp) 2 G gene (1,340 bp)¢] PCR productZ gene cloning 3Fo] 7] A
de WAL, 1 FAAE ASEFITAoR EAT A, dAA Sy
ghol A B3 ¥l VHSV isolatest= &Y% genotypes 7HA& ZASo= HsA
t} (Nishizawa et al., 2002). 712l 1. GenBank database®ZHE A& 29719
N gened} 38709 G gene?l 9714 <& Rhabdovirus® FHAA T AEEA]
o dojAl AAe AR B A8 E AREste] Hlal A48T (Bourhy
et al., 1992).

VHSVE 4382 NI G Fd2 971449 A%

A 47}A] genotypes® TFE3Fil o™ (Snow et al, 1999; Lumsden et

Hu:
J%
2~
M
1%
o
T
=
il

al., 2007), N84 A we} Genogroup I (European freshwater and sea
fish), Genogroup II (British Isles), Genogroup I (North Atlantic and North
America), Genogroup IV (Pacific coast, Atlantic, Great Lakes, Japan and
Korea)®] 47F#] @ o= Fistal Attt (Einer-Jensen et al, 2004; Dale
et al, 2009; Kim et al., 2011). o|&g ZA¥e= 2 AFNAME 43 A&
UEto] N genes AHE3H AleE& 784 &4 A3, =l &4 dAdA £

% 1570¢] VHSV #8523 EF genotype Vol &3 Ao

t} (Fig. 5). VHSV genotype V& &1 x93} o}Ajo} %] <]

rir

=]
24

gl 57

it

A
e
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3tEl Va9l Vb subgroups® TE2HH, 15709 28 FE FYoA Had
VHSV $1382 genotype Vast UdX3t= Aoz ZAEYT (Snow et dl,
1999; Einer-Jensen et al., 2004; Lumsden et al., 2007). %3+ =ujo A 5 A
# 15709 VHSV 8 FE2 dEoA Hud 25 (accession number:
AB179621, AB490792)¢} AlsiE7ota o wAE Aow sttt (Fig.
5). ©]+& Nishizawa et al, (2002)9] Hi1¢} dxsggon AR Ryl
ATl A 15719 Ze 5 dVIAES Pluet Ay gARre] A
S 97.9~99%%1 A2 ey o™ (data not shown), HHA oA &+
2l ¥ genogroup Vb #2F9+= T+ Aoz YeElYY (Fig. 5).
G genes AMES AleEFE B4, 15719 B85 EZ5F N genes
AbESE AT R EAA%e) sdd AFS BHAav (Fig. 6). 1 =, +
o A BaE 25 (accession number: KC685626) 2 Lol A R #
= (accession number: DQ401191, AB490792, KRRV9822, AB060725)2} ©f 7}
= Ao FAHNe (Fig. 6), o= % d& 2879 A7VINEEH v

wAe A7 995~99.8% % 994~99.8%= 7H7t &2 dEAdol BEEA

X

al

t} (data not shown).

N gene®t G gene® Ae®7F34 BAAH}E Tt =9 VHSVY
7§ genotype Va Aol &aln, dEI =9 Eg 59 o 771 9
o /] &elx o} (Fig. 5, Fig. 6), genotype IVa A<d

29 FHEE FHA gFdS Hola gon, BN Fao BIHUFE A
of & genotypeol £3a] doy E A9 2014d %= FHE 10719 &
T91 14-PS-10, 14-SG-01, 14-NW-03, 14-DJ-20, 14-DJ-19, 14-NW-02,
14-NW-12, 14-PS-17, 14-SG-03, 14-SS-259] #&|F52 2016d %] &4
H 5719 #2520 15-HL-01, 15-PS-07, 15-DJ-25, 15-PS-03, 15-SG-042]
VHSV #8FE5& 7|&d Bad g 59 vAeA =7 A q4o=
st EREe Ade® yERyt (Fig. 5, Fig. 6). ¢l $= VHSVY]

A9 AR 45 BRT BAGSE JRAAZ AL 4ee & 5 glom,
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V. 8 ¢

Hhol ¥ 2= A Zhek HAA 2, 53] red seabream iridovirus (RSIV), viral
haemorrhagic septicaemia virus (VHSV), viral nervous necrosis virus (VNNV),
marine birnavirus (MABV) % hirame rhabdovirus (HRV)+& 350 Fo 4
245 Al S godte or 4dA Jdv. VHSVE gh= gA]eo] 4zhgk nl

ol AWorx VHSVel =™ AM5s}, SRR Sd54de] e

= L
o} o iridovirus AH S dE] FFoRHH S Hud 5 FHto] o
o] |dA AT Wi HAE T vk VNNVE =9 dx9 e

slarolel FRLsHA HA A= miolgl 24 AWt MABVY 4% 4
HA AN A wAE 4ol e, dx3 F=ol A marine
birnavirus 4 ¢] A ATH HRVE I WA Fa oA A RiHd
o o]Fo F=mol PA FAFoA HlwH zHE NiL' WAste] 4Zhg
HAZE dojrtar gt

olo H ATo|AE 2014 E=HE 2015E %0 A @R wlolziaA A
o et oS s EUEHHS AAsslth Addols 2014d =] AFE (A
FA/AAAZAD X 607048 HA FAFERFE 449, 549, 949, 12¢€0
1, 20159 =0+ 39 (60714), 59 (BoA), 79 (5274,
10¢ B3/ dAE FHstel A%8S s34t RT-PCR % PCR 2
I, VHSVE 749 2% (2014-5, 2015-2)9l 4 A=FH Ao, A7 7H
S T E mloly A AW E HEHA Fodn FUHA o2 nfo]E 24

ol oJA=e]l AL oFE HA A Zt wpo]ly 29 Fo]AQl primers: Al
sty PCRE 83t 23 VHSVE 8749 &A% (2014-5, 2014-3)ol A 3
SHE Ao, ZAZE FSF BE vpolel A AW S HEEA &t

2 Ao 2E2E 15719 VHSV #8752 N gened} G genes A-8-3)
o 7ML S E43% F GenBankell 55 VHSV #8F9 947/ ES 7]

Z2 Hlu BA89 . VHSVEY N gene % G gened] A% EFstxoz &

o

ol

HAE F4

i
ol

i)
ok

>
ofo
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A3 Ul VHSV #3855 EF genotype IVaol

3
oM wdld 25k 7k fA el
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