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VHSV is a major viral agent that affects freshwater and marine fish, causing serious economic
losses in aquaculture in the world. Due to their filter-feeding activity, bivalve mollusks may act as
viral transmitters after accumulation of the fish viruses released into seawater from infected fish.
Amplification by RT-PCR was carried out to investigate the presence of VHSV in pacific oysters
(Crassotrea gigas) and blue mussels (Mytilus edulis), inhabiting regions around aquatic farms in Korea.
Primers designed from conserved regions of VHSVs allowed us to detect four different types of
VHSV in a single PCR. Twenty two of the eighty four samples showed positive results of VHSV
in a 2-step RT-PCR. Using six positive samples from three different regions in Korea, we cloned
and sequenced the glycoprotein (G) gene (467-bp long) of VHSVs. Genetic analysis of the VHSVs
detected in shellfish in various geographical areas of Korea showed highly restricted results to VHSV
type Iva. This was in agreement with the reports showing only a single genotype of VHSV (Iva
genotype) in outbreaks in cultured or wild fish in Korea. Consequently, we investigated VHSVs carried
by bivalve mollusks inhabiting the vicinity of aquatic farms, and revealed correlationship between
the type of viral accumulated in shellfish by filter-feeding, and those detected in disease outbreaks
in fish.
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Viral hemorrhagic septicemia virus (VHSV)= &

F H 4 ofFe AW S oA A4 =
Y3l = WA o] (Mortensen et al., 1999; Smail,
1999), AF Ao 2= FHAHol A Hx= Fe5
o] Al = Bk ol AAMAIF R FElE
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genotype &2 L& A UTHSnow et al., 1999). L4k
Ho g ¢d#HF BEZ genotype I, I 2|2 =
ol 233 3l 2™ (Jensen et al., 1979; Mor-
tensen et al., 1999; Smail 2000; Brudeseth and
Evensen, 2002), IVa¥} Vb= 0] x| o] wol] dhAy
33l ) S ™(Brunson et al., 1989; Traxler and Kieser,
1994; Meyers and Winton, 1995; Cox and Hedrick,
2001), S hake} YE2 genotype IVarl EAIH
tHKim et al., 2004; Lee et al., 2007; Kim et al.,
2009).

HA7AA = T2 VHSV AZo] B3 739
745 3lAtol & o] &gt At HialE o] glo
E FAAE digt ZE2 A7E b7k A9 §l
o} olmisiF= Hol g3 8 < filter-feedingS 5
ste] kst TR vloly =8 dF FH=E 4
st Aoz deA dn. 53] T4 (mid-gut
gland)®] 73-¢- npole]=e] Z# o] 7} Wol dof
e 71#e 2 g A don, o] wFo 3/
vlo] g2 FZ o gk Ao 71 Bol AME-EI
A THGerba et al., 1978; Goyan et al., 1978; Atmar
et al., 1995).

I AFellA VHSV AEol AHE-3taL = pri-
mer+ genotype 1Va©ll specificd} Al A 2}= o] geno-
type IVaTtS &3 = A& E primerE AF-8-3}
I JATHKim et al., 2003; Lee et al., 2007; Kim et
al., 2009). ]2 3+ primere] A}-8-2 genotype 1Va©]
2 9o] T2 genotyped] A-F HEY AV =7
vt ot whebx] fejutete] of Foll A wH kA
2 %A T VHSVE] Th genotype©] A= AS 7}
TS AT = gtk g A2 T AS oA
ol genotype IVa®t EA]3ttha B %o ko)
< Erhai lake2] 4=%-9l 4] VHSV genotype Ib (Gen-
Bank accession number, AB709906)7} A& ¥ u} )
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A= T2 3714 genotype VHS &
£ PCRE primerS #)2H3}93 L, o]

Zoupde. gaw

AEFI G gene®] AL BASAT o5
F3tod Fjoll 4] Ha1E VHSV isolates genotype®}
o2 genotypedte] FATAS FHFHoZ W
-

AR GANAM FUF Z(Crassostrea gigas)Z BA
(Mytilus edulisyS AH-&-8HAT vl AEH vtk F
Faglo] Al AAAA A8 T Kim et al. (2011)
o ol wet F3 g@X| 9 oA Fav|w
2 4 50 mgs o] &3] RNA #8] % 2-step
PCRS A3kt

PCR Primers?| H|Z}

F Ul FH = = TS genotyped] VHSV
& AZEst7] YA A2 primers Al &S Ao
(Table 1). ¥ Aol A A2} primer< genotype
LIL I 223 IVE HE 7heshAl shof 710l
FEuhete] R E vl gle genotype® A= 7Hs
sHAl stATh ES g F ol vholg =7} ml Rt
EAstE W I EE =0]7] 938l 2-step PCR
S & F AEE 2 sets?] primerE A &3S} HFig.
).

RT-PCR 2! 2—step PCR

cDNA 42 ¢35} M-MLV reverse transcrip-
tase 1 uL (Promega), Sxbuffer 2 pL , dNTP 2 pL,
Random hexamer primers 1 pL (Promega), RNasin®
Ribonuclease inhibitor (Promega) 1 pL, extracted to-
tal RNA 1 puL 2 237 total volume©] 10 pL ©] EA
Nuclease-free waterS A 713 3 42°Col A 60&, 99
Coll A 523 w3 AI AT o714 7HE0]7] cDNA
= PCR ¥F$-9] template2 AFE-3F T}

I-step PCR amplication Applied Biosystems
2720 Thermal CyclerE A&} ofefj o} 22 Wb
Moz AT 10 x PCR buffer 2 pL, 200 uM
o] Z}z}o] dNTP, 1 uM 9] sense primer <} 1 pM 2]
antisense primer (Table 1), Taqg DNA polymerase
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Table 1. Primers used in this study
Primers Sequence (5' to 3") Pmd(ic;) s1ze Object Region Reference
GF1 cacagatcacycaamgacc
GR1 gtgatcatgkgtyctggte 339 I-step PCR ) )
) . —— Glycoprotein gene This study
gaytgggacactcerytrta i
GR2 caraccccctctatgaartc 467 2-step PCR
VgF tttcttggtgattctgatcatca . Jee et al.
VaR cogaatcggaacanaggag 157 qPCR Glycoprotein gene (2012)
VN For atggaaggaggaattcgtgaageg Comparison of . Snow et al.
VN Rev gcggtgaagtgcetgcagttcec 505 sensitivity Nucleoprotein gene (2004)

Degenerated positions Y:C/T, M:A/C, R:G/A, K:G/T

DK-3946 ATGGAATGGAACACTTTTTTCTTGGTGATCTTGATCATCATCATAAAGAGCACCACACLA 60
Dk-1pb2 . Tooiiats AL T A, GT. . 60
FA280208-VG ..., Tenussree s nrnssnes e 1. 60
KR-YaH ... ] | | P ————— . C— T-. 60
CA-NBOO-02 ..., T TC....A.......... A T . 60

1-step PCR forward primer (GF1) 2-step PCR forward primer (GF2)

e —— ——
DK-3946 CAGATCACTCAACGACCTCCGGTCGAAAACATCTCGACGTACCATGCARATTGGGACACT 120
DRAphZ 0 |[eereeesesemeneese e (RN A—— Y [ (N —————— 120
FA280208-vG  |........ C...Aa . .|... A G 120
KR=YGH 00 |ecwsassvamaamanafusanase (CTm— Ao S ereme— 120
CA-NBOO-02 [ ... b G..T..... ALA 120
DK-3946 CCGCTATALACTCATCCCTCCAACTGCAGGGACGAT TCCTTTGTCCCGATTCGACCAGCT 180
DK-1p52 T A Tooooo 180
FA280208-VG §[E1C [ Rem— Ervmvaneamein L 180
KR-YGH AG ... o MAC....... N G....A 180
CA-NBOO-02 AoiGelzans Co s T Posamsesrmesyn 180
H
2-step PCR reverse primer (GR2)
DK-3946 . .ATTTCTCAACCCTGATTTCATAGAGGGGGT TTGLACAACCTCGCCCTGTCAAACTCAT 600
DK-1p52 e N..G........ T..... G...... 600
FA280208-vG ... Taaszasea pamassssansasemasnue [EERG Ee—— Bteasan 600
KR-YGH R CTR Ao Cor I AA C.C...C..C 600
CA-NBOO-02 e o Ao Gl Gzl A.A Gl 600
DK-3946 TGGCAGGGAGTCTATTGGGT CGGT GCCACACCCAAAGCCCATTGCCCCACGT CGGAAACA 660
DEETPBZ] e s A (G165 [P | [ I e G 660
FA280208-vG ... A Covinnnnn. T..... T..A...... 660
KR-YGH ... A G Ny | JE s P o G 660
CA-NBOO-02 ... . C— PSRRI (—— ] 1 [ —————— [y SR— G 660
1-step PCR reverse primer (GR1)
P S et s i

DK-3946 CTAGAAGGACACCTGTTLCACCAGGACCCATGATCACMGGGT GGTCAAGGCAATTGTGGCA 720
DE=Ap52: ssmssswsssese|ems Ao Thsomemmmemmd Chsnman 720
FA280208-VG ..... 6 HRRP— — T RO — N ——— G 720
KR-YGH LTAGL LG T 2 C..T..G 120
CA-NBOO-02 O [F9:1 BV C 2P IR P A oo Bluasan 120

Fig. 1. The nucleotide sequence alignment of glycoprotein genes from VHSV for preparation of PCR primers. The
Genbank accession numbers for the nucleotide sequences are as follows: DK-3946 (genotype I, AY546586), DK-1p52
(genotype II, AY546576), FA280208-VG (genotype III, GU121101), KR-YGH (genotype I[Va, JQ651393) and
CA-NBO00-02 (genotype IVb, HQ168405). Four primers (SF1/R1 and SF2/R2) used for PCR are shown in boxes.
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(Taqg DNA polymerase, Cosmo, Korea) % template
1 uL (DNA % cDNA)E 7} & Nuclease-free
waterZ 3 Z 9] volume®] 20 pL7} HE=E ot
PCR EFEL 94Coll A 3E 7t pre-denaturation?]
71 &, 94 Col| A 30% denaturation, 55Coll A 30x%
annealing, 72°C ol 4] 30% extension®] W3S 30 cy-
cle = 35 cycle 73 3+ & 72°CollA] 727} post-
extension A]Z ). 2-step PCR amplication 1-step
PCR9] product 1 uLE templateZ A}-&3}¢] 1-step
PCRZ} Z-& zziol|A] AAJSAT

PCR & ZZ 2}E-2 IxTAE buffer (40 mM Tris-
acetate, | mM EDTA)E 7955 g 5d o
Z 319 0.5 pg/pL EtBr (Ethinium Bromide)©] %7}
H 2% agarose gel (SeaKem® LE Agarose, CAM-
BREX Bio Science Rockland, Inc, USA) ZFoll A &

7] & F UV AE71E ol&sto] A719F %

AN AEEE Meo] Folg BAse nholg 2
o 42§52 FAs

Primer E0|M EAM

2 ATl A A2 primeret -2 yhEr WA
A7) oA A T2 primerd] WHE Bl A3
S A ASFH BH(Table 1). VHSV (genotype IVa)ol] 7
Aw FXx 9] F4lolA RNA £ 2 cDNA TS
ANEHeH, FAE cDNAS 10-fold¥ 1077+
SA 84 sttt 3] 438k cDNAE templateZ &}
B Ao A A2t primer set (GF1/R1)9}F A7
A 7]1Bol A AFE-3}F primer set (VN For/Rev)S ©]-&
3te] PCRE FaToZH, 11 SoldS Hlustad

o},

L

at

-~

FI7IME BN

) Foll A BelE VHSVE] AZEo] g1% PCR
WA EL GeneAll® Expin Gel SV kit (GeneAll
Biotechnology)S A}-8-3}9, agarose gel 2 %8 217}
e 2 FAERon, ZAE DNAE pGEM-T
Easy vecotor (Promega)®ll ligation & Escherichia
coli (DH5a) w59 transformation A T} 18|31
GeneAll® Plasmid SV Mini kit (GeneAll Biotechnol-
ogy)E ©]-&3}a] plasmid DNAS Eg|3lth. £
% plasmid DNAT Big Dye Terminator Cycle DNA

SN

e FREE

Sequencing Kit (ABI PRISM, Applied Biosystems)2}
automatic sequencers ©]-83t] Q7N EE AH
ST £49 9714 €2 BioEdit program (Ver-
sion 7.0.6)S ©]-&-3te] A €3 2™, MEGA4 pro-
gram (Version 4.1)Z ©]-8-3}4 phylogenetic treeS

A =8k o

MIZHi} R Hio|2A HE

#EA8S 93 VHSVIE AEE AFS
Z A3} MEM B A E 1:10 (w/v)2] H1& 2 v}
Atk vk oL 5000 goll A 1087 AR 3
35BS 045 um syringe filterS E3A|A nlo]
2B At HF{FAA HEF VHSVY viability
£ gRlst7] Y&l VHSVe o] oha 4
Zl hirame natural embryo (HINAE) cell & ©]-&3}%)
t}. HINAE cell2 10% fetal bovine serum (FBS,
Gibco)$} 1% Antibiotic-Antimycotic (Gibco)©] 37}
# Minimum Essential Eagle, HEPES Modification
(MEM, Sigma) v} Aol A 20C 270 A] ] 3R
t}. HINAE cellS T-25 flask (Corning)oll A 80%
confluency S E Y wj7}=] vt 7 7o) 5%
Aol A 53 nlo]g 2 o 500 plE 20T A 30
B 22170 5 washing 3+ & FBS ¥ &A1 7}
SHE MEM HIAI S Yo]Fo] npolg s HHS
sttt FdHZFE HINAE cellol| 4w g&
VHSVE #&F AU EAst= npolef =9
AFgE F5 21 1.0x10° ~ 1.0x10° copies/flaskS HZE

s,

2 oo
dn o

ot bR

2

Primer M=t} E0|AM EAM

E Ao A A &S GF1/R] primer setS ©]-&3}
o BFxHo2REH VHSVE HZE3 A7, 10™)
343 cDNACIAE VHSVZF AZH vhd A $
el BALA 7B A AHE T2 VN For/Rev
primer set®] A% 1078} 343 cDNAZA| W
VHSV7} AZ& =+ Aeo] gRlx o], GF1/RI primer
set7} oF 1008) =& 78S B oFATHFig. 2).
w2fA] o] & BE VHSVE HAZE9 GFI/R1% GF2/
R2 primer setE Al&3to] AZsAT
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10* 102 103

SF1/SR1

VN for/rev

Fig. 2. Comparison of PCR sensitivity performed with
the primers designed in this study and the ones used
in NFRDI (National Fisheries Research and Develop-
ment Institute). ‘Dilution rate of the cultured VHS super-
natant in HINAE.

20| AQ VHSVe HE
-2yt E'éﬂ (&Y, el(E D) 23 A
(M) Z+ s ol thsl F 24 AWET,

S7NA Y] A& AAISE AF, ol Fobe &
batchY ol = B35} FA3} 2
itk 2 A et o™, F 84719 /WA F 2270
°] VHSV YA EE A& 4 ATk =3 Ao
FHEglol A&Ho 2 AEH] AU 18
HIE 24 A= A AAT G2 S22 7Fo] 4
AafiQte] i Fol A= VHSVZE AEH < 3o
Q1= %A tH(Table 2).

Jﬂ FIO H

VHSVe| H|SLdsts 2N

2] ¥ VHSVE] Genotypes Z2743}7] 3l ref-
erence sequenceZ ©]U] H I H 107§ 2] genotype I
sequence®} 271 €] genotype 119} 112} sequence L&
22y 3709F 270 1Va$} 1Vb genotyped] se-
quenceS ©|8-3}o] BlwE}P L, 3 o] F geno-
type TVa<l JQ6513887 JQ6513932 <-2ube} |

Table 2. Detection rate of VHSV from bivalves

Table 3. Viability of VHSV in cell culture system

Cultured VHS CPE formation

Samples

(copies/flask) 1™ 2 3

Posi 1.0x10% - + +
B
1.0x10° - - -

1011GOYS3 ND™ - - -
1011NGA2 ND - - -
1011INGET3 ND - - -

“Inoculated viral particle numbers
“Number of blind passage in HINAE cell line
""No data

oA E2l® VHSVE o]& A|dx9te] nlux g
7 AAEHA T 1 A g Fol A E8E VHSVE
75‘% S ol A B2 % 101INGET3-1, 101INGET3-

22904 B2F 1011NGA1L-1, 1011NGA2-2, 1011
NGA2-1718]3L AAte A £ € 1011GOYS3-1 &
T genotype IVaZ YEG O™ -2l F2d X
oA E&¥ VHSVS 1 A=Y 7 =9kt
(Fig. 3.).

VHSVE| viability &2
1011GOYS3, 1011NGA2, 1011NGET3 371 <] <
A E 9] T4 homogenatesE A5 3Fo] M
A3 (cytopathic effect, CPE)E #&3 23, &
¥ 3¥A passageZ7tA] CPEE YERAA %‘%‘E}
(Table 3). A ZE T2 A HINAE cello] VHSVE
=¥E HEI F CPES B3I 23, 1.0x10°
coples/ﬂask TEE JEFS 2F A= 2HA pas-
sage Bl 918 4= AL, 1.0x10" copies/flask &

Jan-Mar Apr-Jun Jul-Sep Oct-Dec Total

Ulusan 3/12 1/9 2/6 3/9 9/36
(25.0%) (11.1%) (33.3%) (33.3%) (25.0%)

Tone-veon 1/3 3/9 2/9 6/24 12/45
g-yeong (33.3%) (33.3%) (22.2%) (25.0%) (26.7%)

1/3 . 13
Seo-san (33.3%) NT NT NT (33.3%)
Total 5/18 4/18 4/15 9/33 22/84
N (27.8%) (22.2%) (26.7%) (27.3%) (26.2%)

"Not tested
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rAY545531—1E
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AYE46586-1A
r AYE46632-3

Leuiziior-3
|AY546576-2

HQ163405-48

.

| pv548578-2

EF079309-48
—— U2a74T-4

1011 GOYS 31

101 NG AZ-2

101 TNGAT-1
JQ651388+4A
J2651393-4A

T INGAZ2-1
101TNGET 31
1011NGET3-2 -

- [Va

Fig. 3. Phylogenetic tree constructed based on partial sequence of VHSV glycoprotein gene using SF1/R1 and SF2/R2

primer set obtained from bivalves.

= HE2ENNE 3UA passage 123 1.0x10°
copies/flask &%= HFLF A = 31 2] passage &

b CPES 3 YehllA] gttt

VHSVE G943 o] M A 2 ¥

Ea L Sl Eat=
il

Ak A oSS FHAA el
VHSVE genotype IVa T+ Ex)gthar &el A Qlth
(Kim et al., 2004; Lee et al., 2007; Kim et al., 2009).
ATk o] g LA A3 primerd] H5- &
£ genotype®l 3l conserved S}A A|ZFE R 2ot

o, 53] WA 7| Ho A AHE-S= VN For/
Rev primer set®] 73-$- genotype I, 11 223 II1°]
t conservedd}Al A &= o] )t} o] 23 primer?]
ALEL G2 genotyped] AEEY TAE A
Ro g AZtETh w3 HF o] EAstE vloly =
o] 7 1 <Fo] w9 wlEgFo] 7] wiitol| o]k ut
olef 9] HEE A= 2-step PCRO] & L Q
3 Aoz AZAHEY.

kA B dFede A9 3t o
VHSVE] =) Fdodf &< 2 o 2 HE85%
= 93) genotype L, II, Il =22] 3L IV conserveddt
2-step PCR primerE A|Ztsto] A&t om 1 71
s A HATA 7T ALESE= primer
set (VN For/Rev) ¢} vl 3] Rtc}h 2 Ax B A
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Toll A4 A =g primer set (GF1/R1)°] F 1008] 7
= =2 UHEE HAFJQKFig. 2). U= geno-
type IVa©]£] 9] genotyped] tisiA = A8 4 §l
AT GF1/R1 primer set conserved d}A] &2
¥ 7]1E degeneration A1 Z 7] w0 ThE genotype
o= HI3 ARE HoE AoE YZE o
O]Eﬂ}ﬂ =2 745‘.%_@] o]_ﬁ_h 31%4717(‘]7]31]-0]]}\1
AFE-3F primere] 74 EA genotypeoﬂ specifics}A|
Az o] o] Fid M =& HEE AEHE
genotype IVaE AE3t= dHol= Z3stA &t
webaA 2 A Al A A primer] 739~ geno-
type IVa«] =2 HEE 27 olYE U2 genotype
ol X= H S 2Y Ao E A
o 2 A& g71A] 7}
2 A7En.
3 A4E o] 3 Fel A 2] VHSV
2 23 olujsjFol| rH nto]
gro} 2.step PCROIATF =
, VHSV7} ol Fol A= AFL7]d /3
ojmj g Foll M= AHol WE Zpo]E Hol
A5 HEHE A4S Ig + O]Oi‘ﬁr =
atchY ol = B33 1 AE¢4S /A
24 vehEtth ol gk A= Aol Al
S FUste m2hlolY A BET gE of
5 vlo]# 29 799} H| =3t Z 3 o] tH(Mortensen
et al., 1993; Atmar et al., 1995; Suzuki et al., 1999;
Vazquez-Boucard et al., 2010). ©] A& o}u} % n}o]
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Gl Aol gl MM ANE B0l

o] VHSVZ} -2jue} d o] gt dFol &
Q1= Q}G(Table 2).
ogyel Ao B Qe VHSV IA
sample«] genotype«] ges f&l AVIME 4
2 phylogenetic treeE ©]-&-3F 148 AYE vl
f Btk 1 Ay B dAFdA AEH Ee
VHSV2] 7% genotype IVaoll &3l= Aoz 39l

= A h(Fig. 3). o] g AHA-2 EE genotypeol con-
served 3} primer®] A}-& 2-step PCRE] 43 18]31
3 Fo] F2 € vpo] o] gRlolFdE EF
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>
(98]
(98]

3 BE VHSV7} genotype IVa 2 EQH AL
gupete] ofA7tA] & HE X
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o=z A 71Qr,].

o] ZA)3}= VHSVY viabilityol] thak 4
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Viral hemorrhagic septicemia virus (VHSV)= Al
A=A oi et afjatolo] Ae AAA A4S
oF7|A 7= Fautolelzolth ojujiFE A
A2 HY sFE WEd vlolg s oFAdA 2
45 53 435l A2 dHA Ao carrierZ
A o] 7hsdo] BalE vt Jlong B A=
o|& FRlst7] el = ofF FA Fel A4
= Z=(Crassotrea gigas)™ X (Mytilus edulis)
£ ME93RaL, RT-PCRES T3l viold=E
AE3s #F W VHSVEAE 13 A} 71
WA 7] Bof| A AFE-3F= primerZE IVa geno-
typeTrs HEZ 71 A7) W&ol Glycoprotein
(G) gene?] conserved region®] ™3} primerS A| 2}
sto] VHSVE] 4714 Bty B A& < A s)
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