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Abstract

The outbreak of viral diseases caused by viral haemorrhagic septicaemia virus (VHSV) and red seabream
iridovirus (RSIV) have been reported in cultured olive flounder, Paralichthys olivaceus. VHSV has been a
serious viral disease that infects the olive flounders in South Korea. Clinical signs of VHSV infection are
skin darkening, abdominal distension and haemorrhages. Outbreaks of fish iridoviral 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.

In this study, disease surveillance was performed to monitor the prevalence of VHSV and RSIV in
olive flounder in 2014. The samples were collected from 60 different olive flounder farms in Jeju from
April, May, September, November and December in 2014. RT-PCR (VHSV) or PCR (RSIV) results
showed that VHSV were detected in 5 farms, but RSIV has not been detected in any farms. The
migration of olive flounder was restricted for the quarantine in 5 farms of VHS outbreak. The
nucleocapsid protein (N) gene and glycoprotein (G) gene sequences of the 5 Korean 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.

Key words : Paralichthys olivaceus, VHSV, RSIV, Nucleocapsid protein(N), Glycoprotein(G) gene, Phylogenetic

analysis
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=& A3 Utk GX|(Paralichthys olivaceus)s W]
I3 spoliel AWE dovl= wolyias

viral haemorrhagic septicaemia virus (VHSV), red
seabream iridovirus (RSIV), viral nervous necrosis
virus (VNNV), hirame rthabdovirus (HRV) 5©] X
aHI Qlew, 1 F seuet AgAe v
3] sk wlolelaAl AW O R VHSV 2
RSIVel &%t AW Eo] ¥ %l QJtiCho et al.,
2010).

VHSVE F2 43R4 T2 705:Y(Oncorhynchus
mykiss)L} e @rolgelA & slE ol 9l
© ol AHo® A o, o] &
T Aol ol W FHI HrA e vkt 8
Aol e AHe fddhs HUAR By
S th(Mortensen et al., 1999). 7rdo] ElE oF
oxE g 9 dgolFe Edste] of 90Fel
o|Z2& oz FIESI(OIE, 2013), =12l 7
Folli= 2000t o] FHE AL 50 AFLT]
of AR vlwA kS WEE HEEI

on, ¥ olfelA AMEE, HFAgu A
=8 59 FAo] TEEH(Takano et al., 2000,
Kim et al., 2003). %3t VHSV+ nucleocapsid (N),
glycoprotein (G) F3AF A7|M D2 AFEH3H4
EU2 47}A] genotypel® FE3IIL
(Snow et al.,, 1999; Lumsden et al., 2007), °]& +
A8L Agd YAl w2} Genogroup |
(European freshwater and sea fish), Genogroup II
(British Isles), Genogroup III (North Atalantic and
North  America),
Atlantic, Great Lakes, Japan and Korea)®] 47}%]9]
FHgo] Adtsl ¥Ho]Ql O™ (Dixon et al., 1997;
Einer-Jensen et al., 2004; Dale et al., 2009), -2
2= Genogroup Vel &3k Hu|x]ela} &
oA EeH= welHAgk Akt Bl A 9l
Tl(Nishizawa et al., 2002; Kim et al, 2003;
Lumsden et al., 2007).

RSIVe]  oJ3t 19901 9]
(Pagrus major) ¥217¢1 A5 ¥ S(Inouye

)=} [e)
s

Genogroup IV (Pacific coast,

. _
Aye FE

2l - och

Enl

o - Feid - EY

et al, 1992), &=, T, oA o} A oA B
aERen, 25T ol oA5d a7l ¥
ol Ao® gt Matsuoka et al., 1996).
S utetel A= 1998\ <= (Oplegnathus fasciatus)
FAANA Ag Bud § oE ofF FE
WA GG R ske] =y o2 Abgel
A= k2 FalE T3 UATHDo et al, 2005). &
A AR 8l 4709 subgroupsE T-E-3}L
subgroup > RSIVE X§stal glow,
subgroup I+ = Q& HAAZA mid 55
ol dFEAE do7lE RBIVE ¥3skal Sl
S H(Do et al., 2004), subgroup M F=¢ 27}
2l(Siniperca scherzeri)ol Xl 2% ISKNV7} tl3t
Zo|u(He et al, 2001), subgroup IV WHXI(P.
olivaceus)®} turbot (Scophthalmus maximus) 2. 35
g #g¥ TRBIVE A QItkShi et al,
2004).

= ArelM e AFAAY HA FAgelA

o
)31]\——117

=
AsH= VHS % RSIVDS| thdk Abdow) 2 ik
WA 5 HeAA glel Uit VI EARE Al
st HAO7 2014WE 4, 5, 9, 11 ¥ 12€] 60
Td FAAS o R wpolg AN A FUH
FE AAste] WA pAAsS 2AkstuAk
3t}

I. A= & g

1. A80]

AFEATFA/AAEZAN] 6078l FA] F2%
O RHE 2014 4, 5,9, 11 W 12€] HAE
F438t9 1, VHSV % RSIVel| 93 A3zt
ZAFsl7] flsto] Z4zhe] kAol AR 30
vl (size 5~600g) 5 TAF] 18]l 1,800} %
ZF 9,0007F2] & ARSI

2. Primer

RSIVE HES flto] Wiitd= 493
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AL AAL 2R (FHFAEY ot Alg4m) T
RSIVD APl wet  primer setE #12}s}
o] PCR el A3} th<Table 1>.

VHSVO thst primersi= #]9] 50|42l AlFHE5F
k4 45 3] N-gene®| 444 bp forward primer
(5-GAGAGAACTGGCCCTGACTG-3") %}
primer (5-ATGATCCGTCTGGCTGACTC-3")Z Cho
et al, (2007)9] Wfel wel A1=8HAaL, G-gene
9] 1,340 bp forward primer (5’-ACAGATCACTCAA
CGACC TC-3")9} reverse primer (5-ATAGTGACG
GCCAAAGACTC-3")x= full length open reading
frames (ORFs)e] A4S EUIZ 2 AFHofA
Al#ksto] PCR R el A8l th<Table 1>,

reverse

3. DNA ==

RSIV 74 AekE $13te], DNeasy® Blood &
Tissue Kit (Qiagen Hilden, Germany)E AF&-5}o
gx9 HF 2240 2HE total DNAS 223k
ok WA ZF ¥ 229 10 mgoll ATL buffer
180 x09} proteinase K 20 = H7Fsto] 56°Cel
Al x2Fo] =& w7k WESAIZTE RES F AL
buffer 200 w5 ¥ 41> tha ethanol 200 W&
34 spin column®l &7 6,000 gl A 133F €
AR Columns AZ2 tube® H71 F
AW1 buffer 500 0€} AW2 buffer 500 = o]&
ste] MHHYS AW F, AE buffer 30 s 3
71sle] HEZHO® DNAE Helegith Eed

DNA: A3 A7k 20T ®askih

4. RNA =& % cDNA &

VHSOl| tjgt 7l Weks 98k, gx9 A%
= AEste] Al #mjEal 3= Vil RNA
Mini kit (Qiagen Hilden, Germany)E ©]£3] RNA
= et WA 24 A 249 10 mgol
nuclease freewater 140 plS 3718k homogenizer
= wpfsigich. @3 @ AMES AVL buffer
560 = WL 15323 A2 v Aol 1083t
Hh-g- %, ethanol 560 & T3] spin columnol]
71 6,000 goll A 1327 A2 8H3lt. Column
= MEL wbe® &7 F AWIL buffer 500 09}
AW2 buffer 500 plE o]&3to] AHIYE AR
% AE buffer 30 plS #H7}ste] £ 02 RNA
5 wElEelth wElE RNAT AFE A7k 2
0Ce H#AsFTE RT-PCRS 3 02 viral RNA,
4 109 5 x Reaction buffer, 1 2]
9 dNTP, 1 pl<] Oligo(dT)
primer 2 24 pl MgCLE ¥ #F volume©] 20
W7} EE= nuclease freewatersS 713 &, 25T
ollAf 53, 42°CellA 1417, 70T 151F WA

LS

Iréverse

transcriptase, 1

5. PCR %! sequencing

PCR microtube®l] 1
mM®] Z} dNTP, 10 x G-Taq Buffer, 2.5 U G-Taq

«Me Z+ primer, 2.5

<Table 1> PCR conditions and primer sequences for the detection of virus from the olive flounder of

Korea
. . . e Product
Target Oligonucleotide sequences of primer PCR condition size (bp)
N gene | F 5'"GAGAGAACTGGCCCTGACTG-3' 04 C (30M55°C (4572 °C (45" m
VHSV-N | R 5 ATGATCCGTCTGGCTGACTC-3' (307)-55 L (457)-72 L (45%)
G gene | F 5" ACAGATCACTCAACGACCTC-3' 04 (30™-52°C (30" 72°C (1 L340
VHSV-G | R 5" ATAGTGACGGCCAAAGACTC-3' (30%)-52£(30")-72£(1) ’
F 5'-CTCAAACACTCTGGCTCATC-3' i c e e o e
RSIV R 5'-GCACCAACACATCTCCTATC-3' 94 € (30)-58 C(60)-72L(60") 370

*VHSV, viral haemorrhagic septicaemia virus; RSIV, red seabream iridovirus.
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DNA polymerase (Gene Pro Themal Cycler Cosmo,
Korea) % template DNAZ A FZ% S H7}
g % distilled water® PCR E3E° HF
volume©] 20 07} ¥ %5 &% 3L, PCRY
<Table 1>° YERARITE PCR § T
IXTAE buffer (40 Mm Tris-acetate, | mM EDTA)
5 AYgss AT SN0 ® sto], 05 pgul
ethidium bromide”} 37}2 1% agarose gel’dolA]
A7FE & F, vV HE7IN daE st
¥t PCR = Gel purification kit
(Bioneer, Korea)s ©]&3 AA3I], ToPo TA
cloning®kit (Invitrogen, USA)Z cloningd} 11,

o

flo rlo

Xl
NE

|1

AEE

A7IME A2 BioEdit program®] Clustal
W (Thompson et al., 1994)5 A3} GenBank©l|
5% N gened 39708 #E2]5<Table 2> ¥ G
gene® 19712 2|5 <Table 3>2} &7 alignment
3+t Alignment® F-FAAES MEGA program
version 4.0 (Tamura et al, 2007)2] neighbor
joining criterias FEsF] FIIM LY {F-H4
A9 AlE EAE AT

<Table 2> VHSV Isolates used in this study for comparison of N gene

. . . . GenBank
Virus isolate Year Origin Host fish Genotype Accession No.
VHSV-S05 2014 Korea Olive flounder Va unpublished
VHSV-DP05 2014 Korea Olive flounder Va unpublished
VHSV-URO0S5 2014 Korea Olive flounder Va unpublished
VHSV-DY11 2014 Korea Olive flounder Va unpublished
VHSV-DJ12 2014 Korea Olive flounder Va unpublished
US-mak-wa88 1988 USA Oncorhynchus kisutch Va X59241
JFOOEhil-JPN 2000 Japan Olive flounder IVa 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 IVb HQ168408
CA-NB02-01 2007 Canada Brown trout Vb HQ168407
CA-NB00-02 2007 Canada Brown trout Vb HQ168406

MIO3GL 2006 USA Esox masquinongy Vb DQ427105
15-JUL-2009 2009 USA Esox masquinongy IVb GQ385941
CA-NB00-01 2007 Canada Brown trout IVb EF079895
Cod-Ulcus 1979 Denmark Atlantic cod Ib 793414
SE-SVA-14 2009 Sweden Rainbow trout Ib GQ325428
SE-SVA-1033 2009 Sweden Rainbow trout Ib FJ460591

Hededam-1972 1972 Denmark Rainbow trout I 793412

UKMLA98/6HE1 2009 Britain Rainbow trout Ib GQ325431

DK-1p8 2009 Denmark Rainbow trout Ib GQ325430

DK-5e59 2009 Denmark Rainbow trout Ib GQ325429

96-43 2000 Britain Atlantic herring Ib AF143862
07-71 1997 France Rainbow trout la AJ233396

FR-07-71 1990 France Rainbow trout la D00687
KV010308-4 2010 Norway Rainbow trout I FJ362514
BV060408-52 2010 Norway Rainbow trout il FJ362510
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DK-4p37 1997 North sea Rainbow trout Ib FJ460590
FA281107 2010 Norway Rainbow trout m EU481506
CH180308-N 2010 Norway Clupea harengus Ib GU066860
DK-3592B 1997 Denmark Rainbow trout la AF012093
FS280208-V 2010 Norway Rainbow trout il GU121102
FS280208-S 2010 Norway Rainbow trout il GU121100
Fil3 1983 Germany Rainbow trout la Y18263
DE-Fil3-wt 1983 Germany Rainbow trout la X73873
FR14-58 2000 France Rainbow trout la AF143863
ON41 2011 USA Diporeia sp. Vb HQ415762
V230308-5 2010 Norway Rainbow trout il FJ362515
860/94 1994 Scotland Turbot I AJ130915
F13.02.97 1997 Ireland Turbot I AJ130916
4p101 1997 Skagerrak Whiting il AJ130918
H17/2/95 1995 North sea Haddock I AJ130924
H16/7/95 1995 North sea Cod I AJ130923
2p51 1996 Skagerrak Norway pout I AJ130917

<Table 3> VHSV Isolates used in this study for comparison of G gene

Virus isolate Year Origin Host fish Genotype Ac(zzgs]?:rl:kNo.
VHSV-S05 2014 Korea Olive flounder Va unpublished
VHSV-DP05 2014 Korea Olive flounder Va unpublished
VHSV-URO05 2014 Korea Olive flounder Va unpublished
VHSV-DY11 2014 Korea Olive flounder Va unpublished
VHSV-DJ12 2014 Korea Olive flounder Va unpublished
CHN-PORV 2005 China Olive flounder Va KC685626
JFOOEhil-JPN 2000 Japan Olive flounder Va AB490792
JP9900Obama25 1999 Japan Olive flounder IVa DQ401191

Makah 1988 USA Coho salmon Va u28747

U13653 2005 Canada Drum IVb HQ453209
CA-NB00-01 2000 Canada Mummichog IVb EF079896
CA-NS04-01 2004 Canada Brown trout Vb EF079899
DK-200070-4 2000 Denmark Rainbow trout Ta AY546612
DK-204022 2004 Denmark Rainbow trout Ta JF681347
DK-204038 2004 Denmark Rainbow trout Ta JF681342
DK-204062 2004 Denmark Rainbow trout Ta JF681314
JP96KRRV9601 1996 Japan Rainbow trout Ib DQ401190
DK-6p403 1999 Denmark Herring Ib AY546584
DK-1p52 1996 Baltic sea Sprat I AY546576
DK-1p53 1996 Baltic sea Herring I AY546577
DK-1p55 1996 Baltic sea Sprat I AY546578
DK-4p168 1997 Skagerrak Herring m AY546582
IR-F13.02.97 1997 Ireland Turbot m AY546620
FR-L59X 1987 France Eel il AY546618
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FEivhebe] disa] g olFQl HAls Hel
Zf A AFelM wolel g Aol et
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2
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1o
O
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=
jnr
A
I o%
1>
o

VHS % R

A e
%“M A}Xd@ﬂ‘ﬂ g %‘%ﬂiﬂﬁl o] gtk 7]
A5E ket skl

VHS®l| tfgF H3AE A3, 54
2 17H(1.6%), 12€ 17H(1.6%) 5 & 5749
of2lo A VHSVZF &% Q3 ([Fig. 1], <Table
4>), "AEE 7 A 30mkE] g@Ael g
VHSV &S 6.6~333%% Aoz vehgth
(data not shown). 7 & |X¢ A7]7} 15cm V]
TRl Xof 9 30em o]l AT HEHSA

3561(5%), 11

o - Feid - EY

thoolefst A= gXxe Ao Rk ofyzt A
ool A% VHSVel °]gt F&|7 A STHE Kim
et al, (2009)2] Ab&l &= dx|star ik
VHSVZ} &9 549, 119 9 1299 HHdFL
2 16~18CH o, 14ToA VHSVY HA 2]
o] o]FoXH, 6~18 CoA = VHSVE] F2lo] 7}
otk Harel AX| S THMEST, 2010).
o] Wgo] Ast BHIY ALE dolrhe A7101]
ks Zlo® Hol 20 ®iFed WE oF
o] AEHAR Qg WAA AL &4 Ashrt 3t
A Ao Foshi= O FE o AZIL,
H2 Ml/\H RSIVDel| st 7+ wHafier |
=3f|oll A At AL of 7ok A HA
Oﬂ/ﬂ AZHY O Do et al, 2005, Lee et al.,
2007), #HLoll= gXlolA el RSIVE HEe] tfsh
Hazp Aol dFst AAolrk # A5-9] RSIVD
of st U A, AR F3F RSIVZE
AZEH A FQtai<Table 4>, A& el RSIVel] <
s 7 %%E TAE A ekgkti(data not shown).
]OﬂOMPJ RSIVD®]| ot ofv w3
o7 Hre § gow, EF A
< Y F e V1A

A

M1 2 3 4 5 M6 7 8 910M

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, VHSV-S05; Lane 2 and 7, VHSV-DP05; Lane 3 and 8, VHSV-UR05; Lane 4 and
9, VHSV-DY11; Lane 5 and 10, VHSV-DJ12; M, 1 kb DNA ladder.
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<Table 4> Distribution of virus infection in cultured olive flounder in 2014

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

Pathogens
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)

VHSVY N gene (444 bp) B G gene (1,340
bp) primer setE 717t ARE-dF RT-PCR WS &
d HEE 5709 w25 VHSV-S05, VHSV-DPOS,
VHSV-UR0S5, VHSV-DY11 % VHSV-DJ12& Z}7};
X718k 3, N geneoll W3t G gene®| primer
setE AHESIGlS W HAAC®E PCR HE A%
7boEe ReRE YERgtHFig 1] 18
GenBank databaseZFE 42 397012 N gene}
1970¢] G gene®] #7142 Rhadovirus®] 7
AT AR oA A fFAAE B
H A5E AREste] vl A8 thBourhy et
al, 1992).

N genes AME3t AlSE/E4 &4 27, 570
o] ¥E]Ft 5 genotype IVaol &3+ Zlo=
X E A YHFig. 2]. VHSV genotype IVE &Ev] A
oz} oprlot Afe] FeFrE £3HE Ivagt Vb
subgroups®™ T-EE W, 5718 T FUlelA
B 1%E VHSV F3&2l genotype IVad} UX|3l=
Aoz ZALE I tH(Snow et al., 1999; Einer-Jensen
et al, 2004; Lumsden et al., 2007). T3t o
A FEE SN RETe ditelA Rad g
“(accession number: AB179621, AB490792)%} 7|
FTEFAoR fAkeE Ao® gl tHFig.
2]. ©]i= Nishizawa et al, (2002)9] R18} U]
slom, Ao FgFe SolAl A7IEE
Jaust dx, seld 4 789 el

e

jus

FAAY AFAL 97.9-99%21 Aoz UERsto
™ (data not shown), F7] =] e]A] £ genotype
IVb #2Fes FasEHeE AoE EIE U tHFig
2.

G genes AHESH ASE/eH4 24 A¥, =
elx 549 57 #2815 25 N genes ARE-S
AeE7etd A FYe AEE =5
[Fig. 3]. 71 <, =4 R F2]5(accession
number: KC685626) % UiLo|x Hid FF
(accession number: AB490792, DQ401191)9} 7%
T Ao R EAlE A ou[Fig. 3], T U A
BT dVIAEEY vla EAE A
99.5~99.8% ™ 99.4~99.8%% 7}7} =& AHEAo
2= Sl tH(data not shown).

oo 4=3E VHS 9 RSIVDe] thdk 7+
A BEYUEPES e gxeFA] el ojgt vpo
273 A APdew 9 gk 5 o
AA g5lel gt f8s VxAsE d8E F
Ao, & A5 Fske] VHSVZF HEE 57
o] oFAAE AW As WA E fste] FAA

gl ARSofo] olsAlgt T e

ZA7F AAEQIT} Aol el oigt AW

HEe A&Hoz Fiujojof & ARlom,
Hop 5 A, ofF 9 FAdAe] g 2

U

o]

tz
32

Y

o 1
RIS

2,
b o ot &

O
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stEZ - 4S9 - olckel - Mafzl - HEY

293412 -

32 oo —— AJ233308
L booss?
s — AF143863
AF012093
Y18263
&2 X73873
e8| ie GQ3I25430
& GQ325429
g GQ325431
L L AFi43882
i GU0B6860
et - | FJ460540
FJd60581
™ —— 293414 ]
2L — GQ32s428
GU121100
FJ362510
EU4815068
FJ362514
GU121102
2 FJ362515
AJ130924
AJ130923

L

Genotypel

- Ib

EE 14
Bo

Genotype I

i

100

AJ130816 Genotype II
AJ130915
™ AJ130918

2 AJ130917
X59241 -
i AB490792
AB179621
o — 1T A
VHEV-DY11%
VHSW-DJ12 ¥
— VHEV-DPOS™

) VHEV-UR0S

a1 DQ427108 =
o6 HQ415762
GQ3ess41

;

|

i8

L [Va

4aE

Genotype [V

[Fig.

= HQ1688409

T

HQ168408
HQ168407
HQ168406
EFQ79858

01

2] 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 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 VHSV isolates in this study.
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74r AY546612 1
85 [l JF681347
19011 JFp81342
JF681314

DQ401190 L
133L AY546584 N

100

=3
=3

AY546582

|AY5465?E

0o
w

s  EF079896

1 {
51 EF(079899

HQ453209

100

e

—_—
0.02

|AY5485?7

28747

oo r AB490792
DQ401191
KC685626
VHSV-806* -

8| VHSV-DY11 *

Genotypel

J

Ib

AY546618

Genotype Il
AY546620

AY546578

Genotype Il

b

Genotype [V

[Va
VHSV-UR05 *
VHSV-DJ12 ~
VHSV-DP05 *

[Fig. 3] Phylogenetic tree showing the genetic relationships among 24 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.
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