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Pathogenicity of Iridovirus against Marine Fish and Its
Detection in Culturing Seawater

Joon Bum JEONG and Hyun Do JEONG*
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Busan 608-737, Korea

The susceptibility of five different marine fish to iridovirus IVS-1 infection was analyzed and found a
higher the cumulative mortality in the order of rock bream (Oplegnathus fasciatus), red sea bream (Pagrus
major), sea perch (Lateolabrax sp.), rockfish (Sebastes schlegeli) and black porgy (Acanthopagrus schlegels).
However, the concentrations of virus in the infected spleens of these species did not differ significantly.
To determine the release of iridovirus from infected fish into culturing seawater, rock bream were challenged
with iridovirus IVS-1 and the concentration of virus in the water was analyzed using PCR. Over the 10
days of the analysis, the linear relationship between the number of dead fish and viral DNA concentration
found in culturing seawater should be considered direct evidence of horizontal iridovirus transmission.
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Iridovirus -F-2upehe] FQ. of4] itol gl E5a Fa
SOl FAE ol wid 2 BAA £4S opr|sta Yk de
FE o] BlAT, A3, N, ophnl WY
59 2 F4e noln, Sy A WG N Frje B
@ AT T3 A, 2 F9) 239X Giemsa staining 2
8l ©ol@ ¥ AEE A 5= A} (Oshima et al., 1996).
Iridoviridae familyx= B4, £ SA @t Lidovirus,
Chloriridovirus, Ranavirus, Lymphocystivirus, ZL2] 1L Megalo-
eytivirus 5 T3 genera® 55| ™ (Chinchar et al., 2005),
kst M58 (Ranavirus, Lymphocystivirus, Megalocyti-
virus)% -2 388 (Iridovirus, Chloriridovirus) 7+84<&
Uehlo] S35 E XAle] o2t AW S fEgt A%
o 4 EHT iridovirusest #&F- YA F-o]E 7Y
YH AL, o5 tIFE-S &2 2ol A systemic diseases
op7lgt= WA Z d¥A ATt (Tsai et al,, 2005).
Megalocytivirus®l Z9E o1F9 o] Z7)o) -+ hyper-
trophied cells”} U EPH, ThFsE o) Foll A2h3 dALE g
A1Z1t} (Gibson-Kueh et al., 2003; Sudthongkong et al., 2002).
Genus Megalocytivirus= rock bream iridovirus (RBIV) (Do et
al., 2004), red sea bream iridovirus (RSIV) (Nakajima and
Sorimachi, 1994), infectious spleen and kidney necrosis virus
(ISKNV) (He et al.,, 2000), orange-spotted grouper iridovirus
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(OSGILV) (Lu et al,, 2005) Z&] 32 98] Vehol| A Ea)F 1vS-1
(Jeong et al., 2003) &= X3t

Iridoviral disease® ZT3}7] 913 WHOZ monoclonal
antibody S ©]-83} immunofluorescence (IF) test (Nakajima et
al, 1995)9} 22 A 73} FAYESH Ady 59,
z71°l virusesE AEY F 30 polymerase chain reaction
(PCR) 71 o] BHstE o] AMEE 51 Ut} (Tamai et al., 1997;
Rodger et al., 1997; Jeong et al., 2003). & iridovirusd] 7
Ar g d7e o9 22sA AP o] lymphocystis
disease virus-1 (LCDV-1: Tidona and Darai, 1997: accession
no. L63545)& H]E8}4], ISKNV (He et al., 2001: accession
no. AF371960), tiger frog iridovirus (TFV: He et al., 2002:
accession no. AF389451), RBIV (Do et al,, 2004: accession
no. AY532606), Singapore grouper iridovirus (SGIV: Song et
al., 2004: accession no. NC006549), grbuper iridovirus (GIV:
Tsai et al., 2005: accession no. AY666015), OSGIV (Lu et al.,
2005: accession no. AY894343) 5ol thal A<= <k 110-200 kbl
olz& A FAA @71 Aol oln YA Ut

Iridovirus= BAZ7EA] oF 30 o]/ sjakoi oA HEA
S HY+ BIe §)ov Matsuoka et al., 1996; Kawakami
and Nakajima, 2002), Z32] o} F-of thgt 3 A Q0 HA&
w3 A HEstA T Eol AA Gk ok dEA
RSIVS] WS T (Epinephelus malabaricus), ZE
(Lethrinus nebulosus), '@ 7] (Rachycentron canadum) 1831
BE (Pagrus major) 5 40150 thale] B3 43 2EH



Iridovirus2] 3|2k %F2] o] Fo)) Tj

A7 3l Ao BAAdE YeEh A ¢ W o9t
FE M £ )1] AbEE Hole AoR Hushy
(Sano et al., 2001), FE2} W (Seriola quingueradiata)d] o
3t 32 A= 47t 80%9t 60%] FAH HAFS AR}
HusolA At} (nouye et al., 1992). A oA 2AE
I A% iridovirus™ RSIVS} genomic DNA 714 4g 2ol
UERHL glont thekdt sle) 38 Aol gk 14
A WA Ao FE3] o] FoH QA Pk B AelA
© iridovirusE thAgH &2 akolFo] Q19 HAAA HY
4R 2D 24 WY virus FEF )F 2boll wlastgon,
A AN AFERE A Fo2 FEHE vinsE
PCREA ZH&Edte] 1 FH7E gk A ZAS A
Alstat &gt

WE 2w

HO| A~

20003 9ol S Fafite] A iridovirus 7HE
F4E el S5 (Oplegnathus fasciatus)] ¥|Z o218
B &8¢ iridovirus TVS-1 straing AFHE-8}S1T) (Jeong et al.,
2006). IvS-1¢]l 9]l Zgd E%52 HlAL AM&H7A] -80TC
A Rt

AN

= (Oplegnathus fasciatus) (6-8 g), & (Pagrus major) (6-
8 g), A5 (Lateolabrax sp.) (8-10 g), X122} (Sebastiscus
marmoratus) (5-7 gy 18]Il
(8-10g) &

7H3E (Acanthopagrus schlegeli)

5% 4ol g aiere] FAFoIA TYehed

virus®] WA Ao AMEEAT 7 ojF e Adr] A,
Aojx sul)Y sampling®te] iridovirus 27F -5 PCREA]
5o, BT PCR &4 vH-S YRSt BE o F
< e A}Eﬂ HoJiL, ARFE FRpAIZ OH, ALS 2o
25CE FAsIAH.

HiO|H A2 siAt 22

Zgdeld] ¥ 1 mgd TE buffer (10 mM Tris-HCL, 10 mM
EDTA) 350 uLoll o] A Pellet pestle® motor (Sigma-Aldrich)
£ o] §-3tod Bz F, 8,000xg, 1087+ A EE3IG )
Heating ol A= A5HE 100CoA 1087 43 &
10,000xg, 103-7F 4223t L A5 AL FH3rh Kit
H-& AccuPrep” Genomic DNA Extraction Kit (K- 3032 Bio-
neer)S ARE-3t A zALY] F3 W ol w2l DNAS 3}
St 183 phenol-chloroform A= A5l oﬂ 10%
sodium dodecyl sulfate (SDS) 40 «L<} 10 mg/mL proteinase

Table 1. Oligonucleotides primers used in this study

WA Aol HE 21

K (Roche, Mannheim, Germany) 10 tLE #7}5t 37C, 1A3F
F9F W-2-A171 11, 532 phenol-chloroform= AM&-3le] 211
FZ& B 3M sodium acetate®} 250 volume®] ethanolS- A&}
o JAAAH T 4T, 12,000xg, 1087 L4AEE & pelletol]
TE buffer 50 xLZ 7}t AEAZTE 371 Widlo g =&
" 7Z47he] DNAE AREH7EA] -80TColl X B astint.

PCR

IridovirusE AE3}17] 913l o] d el AMEHIAA K1 region?]
ORF-2 $-2 255 primer setE A X8I TH (Table 1) (Jeong
et al., 2006: GenBank accession no. AY628698). PCR ampli-
fication> Perkin-Elmer 2400 thermal cycler (Perkin-Elmer)S
AHR-3t 4 Th Microtube®] 10 mM Tris-HCI (pH 8.3), 50 mM
KCl, 1.5 mM MgCl,, 0.001% (w/v) gelatin, 0.5% Tween-20, 200
eM2] Zt dNTP, 1 «M2] Z} primer, 1.25 U AmpliTag DNA
polymerase (Perkin-Elmer, Norwalk, CT, USA) 2 template
DNAZA] FZ% viral nucleic acidsE 713 &, distilled water
& 718t PCR EE2] HF volume©] 50 L7} = A 3t
PCR amplification 2312 T3 2T} 94T A 327) pre-
denaturation A]Z1 3, 94 Coll A 302 denaturation, 55C ol A
30% annealing, 72 Coll A 30% extensionﬁq Els
3, 30 cyclesE WA 1 3
*lZiUP.

PCR & &3 &2 0.5 ng/mL ethidium bromide”} 7}
# 1% agarose gel2 ©]8-3}3%, 0.5xTAE buffer (40 mM Tris-
acetate, lmM EDTA)E AFAo 2 3l H7GFS HAAIE)

$& 1cycleZ

, 12°Coll A 78-7F extension

At uv HEVA YEVE bandE TSt L FE o R
o 4% @S B
32 M3

Iridovirus IVS-19] ZE9H EF2] HA 248 £ 3}
12 EAES Ao R AMEEAT HE AF 8 g
Fate] (B, Fw, Fwol, 29 EF 283 14E) X9
iridovirus @24 1 pg/fish =7} H s 4822 245
0.l mLE 7} o]Fd 107 S ddo 2 &5 A
thZ L2 A PBS buffer 0.1 mLE Z} o}Fd] sl 5L
o7 Zg FARIALE F4 AF T 25U AAkE AESHA
31, 25C9] & FASIATh & 2A7 A ALRE T3}
R, 1Y 13] ARSSE 517 WY HAL =5 gR18)
a1, HAko o] HAo 2 8H total nucleic acidsS #2]3}e] PCR
A iridovirus T o F-E A Th

8,

TS 0E 24 49 vins FEG]

B Pol]

Target Primer Oligonucleotide sequences

Expected size Accession No. Reference

KE1F 5-AAATGGCTCTTTGGAGTGTC-3'

ORF-2 KE1R 5-AATCCATCGGTATTATG-3'

939 bp AY628698 Jeong et al. (2006)
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Al 7+ oAFEE HAto] suie)H e vl 24 FYF g
2 FH3bslo] o] A 2 RH viral nucleic acidsE 2] &4},
2 € nucleic acidst= 3% 3% 7 (BioPhotometer, Eppen-
dorH)E AM&-3le] FBE ZHOF A260/280 nmGtS 751
double-stranded DNAR-S &A35I3Ath 49 =4 WY virus
FXE vlasly] 24, total DNA IngS distilled water= 108])
A @A 348 F, o] AL template DNAZE 3}] PCR ampli-
fication& AAISFAL, 1 HE AL 8lwsATh

At 0 MQ] vius =2

o Ab% A oLyl EF 10vd (BT AF 79S
FazA EHE (1 ng/fishys TF FAE 29A A b
A T AlZtol 100 4L AFFFE FHSF] AccuPrep®
Genomic DNA Extraction Kit (K-3032, Bioneer)& AF&3}o]
DNAE 283 ¥ KEIF/KEIR primer setS A}E-3F PCRZ
Abga T blele|ag HESATH

4 2t

Iidovirus2| O{Z0]| OIE HelA
FElvel 8 2 sk R BE, IE, dEo, 298
g 293 A E T 501FS U SR dridovirus TVS-1 strain
= AFE-3 challenge testS A A&t} (Fig. 1). 2+ o]&4 1ov}
e e R 4E E5 025 A& v 238 Fi3)
o HFNoz AME3IAT. EFLS 49 1094 A HAWL
Yesten, 1494 100% 3 FHAM-S JERIIY FE2
249 RYARE AAE Yehdr) Alkete 1995 60% 4
HARS eIt 183 Hsojop ZujEete 2hz) 509,
40%2] 4 HARES BPou, ZAENAME FAAibelrt Uet

100 $-0-0-0-0-0-0-0-0-0-0
——@—— Rock bream
~~~~~~~~ ©-------- Red sea bream

80 | ~—~ % ~--Sea perch
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Fig. 1. Pathogenicity of the iridovirus TVS-1 against 5 different
marine fishes. Cumulative mortalities of rock bream
(Oplegnathus fasciatus), red sea bream (Pagrus major), sea
perch (Lateolabrax sp.), rockfish (Sebastes schlegeli) and
black porgy (dcanthopagrus schlegeli) were determined after
challenge with 1 1g of tissue homogenate isolated from rock
bream infected by IVS-1.
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LA &gkt PBS buffers HEE ZE oFHE R
HALE A EA] eEUTE (data not shown).

#g o7 2 =3 e vius &=
zh o TR FAto] sube]o] v 22E FUG FoE
#F3t viral nucleic acidsE &3, B4 84471 &
PCRY 9% #E SAS v w3t (Fig. 2, Table 2). 21
Zao A% FAHHALE S oJFTHEE 2olE B AYA (Fig.
1), PCRol| &gt A% ] SHE& o]-&3 vius = HlLAN A
= o3& Aol & VERNA] &SkTh (Fig. 2). 91 FEA 12
AREY] B, A e HAE deh A asten 4
2 ofdl] tig PCR AN E 25 34 ¥h&-S Ve
At} Tridovirus IVS-1& 19 A7) 401F 25 1x107
A u<=71 A PCR product’} ZHEFH 0.0 (Table 2), 3|4
s EYE 79 &3 homogenate?] total DNA o2
$Earad 1x10° 3141 9) sampletoll $1= DNAZ} 1 ng total
DNA/1 4L eluted sample®] =2 PCR ampliconS H.ol& 7Y
zZ2e H4 PWawe DNA 10fg (1ngx10)oldtn & 5
it} & 7909 tissue homogenate ZF-E 10 fg ©]4F2] DNA
& #st PCRS HAIP-E @) PCR positive 235 H913

o]

Red sea bream R
Sea perch

Rockfish

Fig. 2. Detection limit of the iridovirus DNA in the spleen
homogenates of marine fishes infected by iridovirus in PCR
analysis with the KE1F/KEIR primer set. Template DNA
were prepared from the pool of three infected spleens after
homogenation. Lane 1-7, prepared DNA samples were diluted
from 100 (1 ng total DNA) to 10° (1 fg total DNA) fold
serially. M, 100 bp DNA ladder.

Table 2. Minimum amount of infected tissue DNA for
detection in PCR using the serially diluted tissue homogenate
isolated from 4 different marine fishes in moribund stage
after iridovirus IVS-1 infection

Detection limit

Fishes Dilution ~ Amount
rate of DNA
Rock bream (Oplegnathus fasciatus) 1x10° 10fg
Red sea bream (Pagrus major) 1x10° 10fg
Sea perch (Lateolabrax sp.) 1x10° 10fg
Rockfish (Sebastes schlegeli) 1x10° 10fg




Iridovirus &} 8|2k 2 o] Foll thet WA T ALF 5ol M) A& 23

LAHZEE AFRFZ29| iidovius B&

ARRFREPE 7P 80T vinsS AEE 5 9w
= 27) S8, 1vs-19] e B w24 100 gl
3 1 mLS H718le] ¥4 £, heating %3, phenol/chloroform
W, genomic DNA extraction kit ®H4] 5 37}%] WL o) &3}
o viral nucleic acids® 2|3t PCRE 2|3k} 2 Az},
37FA 8 W ZF genomic DNA extraction kitS AR&-3h
APTAMY PCR positive BH-0] LHEF O™ (Fig. 3), ©)
WHE ARl A viusE AZsHeEt] AL Q) sako)
5% FoAA /M 2 HAE-S JERIYE 252 irdovirus
IVS-192 19 AR &, 1 ARSFE w1t 744
AJZHE FEHE viusE PCREA] BA319TH BEL ALy
T 54 AFA 73E F 794 A #Hrbol Yehda, 7y
F 1094 10vte] 25 HARIEY R #HAlel 7 e
5 A 7 F YA RE AFSFol A PCR A HFLo)
Uehsk o, 1094714 A4 02 peR F4 -8 B}

1,000 bp —> «— 1,000 bp

Fig. 3. Detection of iridoviral DNA in PCR with templates
prepared three different methods from the spleen of infected
rock bream. Lane 1, heating method; Lane 2, phenol/
chloroform extraction method; Lane 3, commercial Genomic
DNA Extraction Kit; M, 100 bp DNA ladder.

_100

5

> 804

®

S 60

£

$ 401

®

=}

2 204

3

0 - .

day 1 2 3 4 5 6 7 8 9 10

PCRresult () () () O ) P (1) ) )

Fig. 4. Iridovirus released from the infected fish into culturing
seawater. Rock bream were challenged with the infected tissue
homogenate (1 «g/fish) by .M. injection. Cumulative mor-
tality and amounts of the virus released in culturing seawater
were analyzed by PCR for 10 days (a: very weak positive
result).

(Fig. 4).

o

Mahardika et al. (2004)2 juvenile humpback grouper
(Cromileptes altivelisys ™22 orange-spotted grouper
(Epinephelus coioides)I A 8ol #0H grouper sleepy
disease iridovirus (GSDIV)E] HAA 9 7 v A4S
g8ty 1812 GSDIVel 93] Z9E orange-spotted
grouperol| A A&H v} 248 ©]-8-3}9] juvenile humpback
grouper®l] 19 TFAAA-S W, 30-100%2] F32 FHARE-<] Vet
Skl Bustoh B AfdAe $Eluel F2 oA siak
&2 B (Oplegnathus fasciatus), 25 (Pagrus major),
=0 (Lateolabrax sp.), T3 B8} (Sebastes schlegeliy L) I
5 (Acanthopagrus schlegeli) 52 =X & iridovirus [VS-1
o o FAgo] BA Yehe A& 1595, HAlole
7 B 24 S 0] 83 vius T Hla AP ME o]E3H
zkol7b YEA @E9kth (Fig. 2, Table 2). o]AL H|=
iridovirus®l] 2J8t oF7F HARE S EA S iridovirus®ll
g AL SRS AlolE oA W virus2] o] o}E3ho)
ARSI As AAskaL Atk e o] AL ©x] 3 W)
AN o Adfoln, ofe] We] W& Az} kst
batch®} o1F-& AME-3F AHS T3l Fg=ofor & Ao}

He et al. (2002)-2 Iridoviridae®ll <3} infectious spleen
and kidney necrosis virus (ISKNV)9] 78 A= 2 43 714
S5 FAFNIA H FAL R AL AA AT o] F
Tl e Agstel 191 Bl A1, 2 A AEE
Slelgi ek ISKNVE 374 FA A9 4942
group?l| virusol] =5 A &2 AT group2 cohabitationAl
Ao 2N £ 7 AR ettt L Ay ookt
O Z A9 ZEAIZ] groups BT 100% HARF VEREo 1,
B 2ATH 0 R virus FE0l S HAAG S-S BIsATh
Q9 ZFAAIZ groupd} cohabitationr] 7] group 4] ISKNVY|
osl 100% HAF deoltermz ZEE NAZREH &8
virus7} 773 O&8 A2 £ 79SS dodE Aogn
uhsl 3l ok Y AFSEERE indovisE AR A&
FH W BAgE A7 oby BaE bl glow, ASSE
HH iridovirusE HET B A7 AFE iridovirusel] g
T3 499 ARHAA FAE AAs ATk

Kitamura and Suzuki (2000)3= A< &40 gfF5o] 9=
unknown inhibitors’} nucleic acids extraction ¥} 3 PCR
amplificationol] Z+-8&8 4= gloe v 2 3§ Wol| &)L virus
& PCRZ AZE3¥ 7] Y34 viral nucleic acids extraction
I Aol B3 2L WO g FF Yo Be slsE Wle
Al AAsoF Fotar SR Th B ATl dg &9 virusE
AEE = v WS 27] Y8 3 7}A viral nucleic acids
8 WHe AAISt vlas 23 heating WH 2 phenol/

chloroform extraction WH . 2= 5 9 virusE FAE3}7)

2l



24 AE

of A4 Fthe RS ¥rE Tl Genomic DNA extraction
kitE AFE-9S ] iridovirus7} PCR E2AdA AZHE AL
kitol] AHEE= columnoll 913 <= 2] inhibitor A3E-0] A|A
7] il Ao YA, ol F AR FU P
S A3k U AR nucleic acid extraction kit AF&S A=
FARE A3 Jehdo] B Ay dael 22 g4 PCR
inhibitor A A & &A% = UYA 54T (data not shown).

2 A7ollMe v ik}l thEh irdoviruse) YA
S EIEAL, o HE T 2R U viruse] ¥ vl
Ath Eg ZEAZRE AMEFE FEHE irdovirusE
PCR WHOZ g AEsH L, 2244 3 oY 1S5
ZALg A3} 74901 2] moribund staged] 53] AM4 Fo=m

4 |

22 ko] iridovirus7t FEETE AL w3lT o) AL 2425
wde SAY ok, o= X719 Y stageoll A HZF

do] o]FojA =A% eI it} o] ¥ g Wy T A=
iridovirus®] XMo@t 24d AZ A7 £ O E WS AT
F S Ao},

At Al
E AT (M2007-07)= 3 $22H- Marine Bio 21 Center®)
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