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Iridovirus isolated from the ornamental fishes in Korea

Ho youl Kim

Department of Fish Pathology, Graduate School

Pukyong National University

Abstract

In the survey of the samples infected by iridovirus, we found the
natural outbreak of iridovirus disease in the ornamental fish., pearl
gourami |, Trichogaster leeri, in Korea. Il was characterized by the
appearance of cnlarged cells and necrosis in the observation of the
imprinted spleen cells under iridovirus. These pathological change was
similar to the typical iridoviral disease signs reported previously in
other laboratories. To determine the infection of iridovirus more
accurately, PCR using 3 different primer sets for MCP. ATPase gene
and ORF(open reading frame) 23 gene used for the diagnosis of
iridovirus infection was done and found the produced fragments
matched with the size of expectation. Cloned amplicons derived from
the MCP gene and ATPase gene were sequenced and compared with
those of other iridovirus strains, Partially determined nucleotide

sequences of the MCP gene of the iridovirus isolated in this study was

— i -



appeared to be higher homology(99%) compared with that of ATPase
gene(Y9%) using the nucleotide sequences of ISKNV as a reference
sequences. We found the presence of iridovirus in 45 out of 63 fish
samples of four different geographical source. Certainly. it 1s the first
report of high level of iridovirus infecrion in various ornamental fishes.
The purpose of this study was to evaluate the feasibility of monitoring
[reshwater ornamental fish viral contamination and obtaining viral
contamination data over a period of a year for the main pathogenic
iridoviruses.

In challenge experiment with the iridovirus isolated from the moribund
of pearl gourami, it was confirmed that both f[reshwater fishes and
marine fishes are susceptible and suggested the potential of the risk
associated the transfer of iridovirus from the ornamental fishes to the

marine culturing fishes
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|53t daofel
R e e B L B R R R P St o B B g R e B
of 7 E WA 5 QAo 58], wpolei A4 del did Ay sat
ofFEolMNt AFH oL o] Fo|A 2 glom HT Faoly dB Fow
FEOD akbE lell uhE Al i A Ee] Wig Ay AA o
NS oA el b Al el Eol disiAi: Al o)
FAR: ARk Adabolch meh, Wy alvbE, SF ofFolel§

o &7keh vlirol Ciell whE yhele] fsek WobA A W da, ¥ 7}

oA

¥
oo

1=

Aol ofFwo] vl vishA. Ao o &t AL BAUE

=

4ol Qo] olah Antolu} B3 vpddel] QoA v Aoka 75kl
Avk, Zrefraz g Adiofel didk vk w2 o A opel & - A
ek ARQbojet 3k 4= Qlch

el oFA s atolel Al W IEE s iz dfsEAel wholw A
2 iridovirus®l $F %2l red sea bream iridovirus (RSIV)2H= ¢¢l
Aol 2]t red sca bream iridoviral disease (RSIVD)ZA wf-g- FA1 7
olil, Mol 3k offF HAow wE A At} (Inouye et al. 1992).
ol¢]gk iridovirus®] =A8=3F AR MwkS 918 DNA fragmentel] tf gt
WAL A S oltr|o} 9o Aeks 918 PCR 71w e) gl ek v

1

WA S o oln] Aut)o] Qlt} (Tamai et al, 1997; Rodger et



al, 1997; Jeong et al, 2003), T3+ FHito] 24 MCP §AA2 n) %

S
o

AA A2 map lymphocystis disease virus—1 (LCDV—1), RSIV,
infectious spleen and kidney necrosis virus (ISKNV) % 2 715 ¢
iridovirusesel tishA #&4 Slvk (Tidona& Darai 1997, He et al,
2001).

Sudthongkong et al. (2001) ¥ 2| Dwarf gourami(Colisa lalia) 2}
African lampeve (Aplocheilichthys normann & A2 2 iridovirus)
el AEE Bag v vk o)xekele) Waybadol iridovirusel g
K13 Paperna et al. (2002)¢) 2Jste] o] fof Ri=d] o]&& o] Ak
o] gourami®} swordtail, platy. molie, scalare% 2] o] yhr4=vkAto] o 4]
At iridoviruss AarEv| A A o yhEbskel wotakeick o] ejdt 9=
o] vFa=wkArol 9] iridovirus ¢Sl sk s8] ®rov Etskar v
Lheke] gharatadofe thét iridovirus gl thdk Ak W w2
gk el 53] Selvele] @aabade] AlEe gdokalete] drbEe

A 90% kS Flsha Gowl, Auelis FRelAE G ikabel sl 4]

b

o Fuixlsl Ak

FHir sellA REHE B8 ddiold diFREe el Esta o
o FEES W ESE ofv] vpelel Al thoke
sk obrdd ART Qo] SR fQlEl s otk awEE 99 72 §
elel whgo] iridovirus E Al o] FEEEE vbabo] 429 Al
oulsRe] b ) e gbdelell A s et 7t iridovirusell 724l ¥

o] & Avkit FAun, olo] thdt iridoviruse T HEE upo)shi-



7o) o XA o7 Aol & #o|r}.

Bk #{2o] RSIVRES B4 vlw A5 B 19979 Dr. Miyata (Y
& Mie theh)go] tinte] o}, FF2o] Hwo], 18]35 QEe] FEimellA
2%t iridoviruses® genomeg A F|EFA Hebxzre] A7 E vl g
Ay} Z1 patterno] #§- FAFEF] single originell ther 7S A A5}
Atk Zrefvp ofe] vhe Ao sjikolo A B-e]dt iridovirus virions

of A7) FeollA B zolrb Qi AoE d#x dom (Hyatt et al,

it

2000), @ololA YeRvE iridoviruss siAFe] iridovirus b B] il B

wl, oL W WolE kxRl a 18 Aty FAE

Wi i) Y] dhAbolmulabS Ee whEdkAbe] 9
iridovirrusr g8 %2 Welstdos 4 2k st om. i) PCR7|Y

b virus DNAS] sequence® F319 iridovirsu F9S 24 2k st

Tkl i) @Il E iAo g 1\ %l iridovirus 49-E Al7)H
AoAd - o]lFHe FAMSFE oW, v) AHAYES Ea B3 wEakAlol

iridovirus (FOV) ¢} alAke] iridovirus®! RSIV Sachung 7zHzd @3k
o]} dfitole] FHNHS o, ZF virus straino] i o} Fo T4A

n 9IS ohobn izt

Fgieh.
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1. Fish strain

1—1. Fish of Irodovirus infection

Aol AFL3E virus strainse 2004 19 7l 3Ato] TuAle
Al o1@l 5 wE2 g aAtolel pearl gourami( Zrichogaster leerl) S A}

otk wataA 3~548 skgE AolzM oA A B

4.5g(E2)d o, o] doji= #A 6em(E£1)ATh
iridovirus®]  #9ES  x2 HgHog g Hog A Aql

iridovirus 29542 ®BA 07 (Oshima ¢t al. 1996), Pearl

Gourami( Trichogaster leeri) 2] BI% Ul AlTofja] o) sfo] 213 o

Heshet

1-2. Azl \ﬂa]ﬂ/ﬂ H 2]

Thitbo] Lufakella] 9] F WHE pearl gourami( 7richogaster leer)®) B)
& 2% slide glassol imprinteddbo] diff—quik (0 b8 ik S @il — 2
H)ew AZE AMste] Feten|Fow g AWA LS s

2715 Bedte] oF e FARE  #el Rkl (Bouin's solution),

10%%4 E2921(BNF), zenker solution®] 13 31A3FL, 24417 &
avdeel 2ab s AAskanh 23 oy § 244073k Alska, 70%

A 100% =2k % darge v sholch Al (xylene) '8 3}

o

ol skebm Aake Avlan ek )



microtome (Reichert—Jung 820, Leica) & A}gsto] oF 5um FA <] vt

He AU °l 5 H & E@Aste] Fetan)gow vhzasgich

2. PCR
2—1 Primer A%

GenBankell S&5o] A+ ISKNV % RSIVS] MCP gene, ATPase

Oiﬁ

E-'l
hu

genes < 7): A zZ# 2709 primer setsE o] &2 -t A ISKNV
2 RSIVE d&ah=d AFEE 2 (Oshima et al. 1996, Kurita et
al. 1998), & AgtollX & 99k 3 Bl primer setsE ARE3ERo],
PCR amplification® 21418t 0 0] RSIV Sachun¥ FOVe] -pHs 4=

Uiz primers Jol&E A FEte], PCR  amplification® A A]&glc)

(Table 1).



Table 1. Expected size of the amplicons after PCR with

different primers.

Expected GenBank

Genomic ) Oligonucleotide sequence . .
. Primer . ) size of accession Reference
region (5" to 3" direction) .
amplicons number
MCP MI1F GCATGTATGCTGTTTAGACA Oshima et al.
_ 1830 bp ABO18418
gene MIR GAGCATCAAGCAGGCGATCT (1996)
ATPase A3F CAAACCACAGCGCGGCAAGT Kurita et at.
563 bp ABOO7367
gene A3R AGTAGCGCACCATGTCCTCC (1998)

SIF  GTGCACAGTCGCAATAC
ORF23 1018 bp AALO8747 In sturdy
SIR  CCATCTTTATAATAAACCAG




2—2. Viral nucleic acids ¥¢]

AFAR  iridovirus  AEEFAE Roli= off9  #% 3mgE
PBS(phosphate buffer saline) buffer 380uto] ¥o] homogenizer®
ZAS EA5e], 20% SDS 10gl. 10me/m¢ proteinase K 10udS 7}
ko] 37°CellA 1A17F b vkg AlATh 9129] lysatesel & %<2l phenol
hloroform 400utE #H7Fsto} 12,000RPM. 10%7F &3 & A
%2 DNA €98 A microtube@ &7 #A & 20 5 Folste] DNA
7b o Qe FEAES wuld ARy Hysklch 912 4ZF2 DNA
Mo 2 volume ethanol¥} 0.3M sodium acetates Y17, inverting©

Egtste], 70Tl ] 1A 7HEeE HE Al 4T, 12,000RPM, 10

L
]

w94 Helstel s A A F.70% cthanol 1mtE F7Fsko]
kAl b b e s 94 atelstel Ao AASI T DNA HAE
& 10w AolA] &l AFAA ST, free RANase distilled water

50utel HE AlAA ARE W7EA] 20T A ® sk



2—3. PCR amplification

0.2m¢ 9] microtube®] 10mM Tris—HCL. pH 8.3, 50mM KCI, 1.5mM
MgCl, . 0.0001% w/v gelatin, 0.5% Tween—20, 200uM 2z}z}2]
dNTP, 1uM  Zt4e] primer. 125U AmpliTaqg DNA plymerase
(Perkin—Elmer., Norwalk, CT, USA) 7181 template DNAZHX F=
8k viral nucleic acid lngs H7F8 &, distilled water® HEN 50
7b ¥ A stk PCR £%45 2 Perkin—Elmer 2400 thermal cycler
(Perkin—Elmer. Norwalk, CT. USA)S ARg3te], 95CelA 387F

predenaturation A7 &, 95T 30%. 55C 30%, 72C 30%7 W&

L

e
tlo

leyele® a4 30cyceles WHSAIZACE “12]lal, cycleo] Ayh Flojl= 7
2T A1 743 extention timeS -FAL}

PCR A4 =2 0.54TAE buffer (40mM Tris—acetate, 1mM EDTA)
of ©AR, 0.5u/ml EtBr (ethidium bromide)e] d7}¥l 1% agarose
gel Aol A718E2 AArste] UV (ultravioler) ol 4] vFeFU = bandE

BHRatol % of w8 elsholnt



3. Cloning

3—1. Gel elution

PCR AAMEL. Prep-A—-Gene DNA  purification kit (Bio—Rad
Laboratories. Hercules, CA, USA) & AFE38}lo] agarose gelZHE ] A

o,

ol

WAL AVIgEo s #9l¥l DNA7F 23yl gele] bandE dAwdtol A
microtube® £71 %, binding buffer(Cat. 732-6022) 500uS #H7}35bo]
37CeA 1023 #EEAA PCR A4 E0] &0l geld 9] matrix(Cat.
732-6013) 15ms H7hsto]l el 4] 537F wEE-AI7) 3 12,000 rpm, 18
oA FEelEh Gel Aditol ¥y AN E BT AlASaL, YA binding
buffer (Cat. 732—6022) 375ptE d7lsto], e wWow ARy sy, A
AL AAs, JA¥ matrixel washing buffer (Cat. 732-6024) 3750
& F7bete]. & gyl o 4] Helsta AA NS A= A4E 23] A

H F pellet& A2AA 1083 2d AzA71h AxA7 AHE elution

T

buffer 20utS F7l3le] 3EA|Z) F 37Co)4 10837 BESAAT 12.000
rpmel A 1023 e4Fel s §, DNA7ZF SofF Sl Abg e A microtubei

S, ARE W7bA 20T el waksh gl



3—2. Cloning

ARk DNAZ, TOPO-TA Cloning Kit (Invitrogen Co. Carlsbad, CA,
USA)E AFE38F9] cloningAl # 0 Elution 34 & FsiA 44T DNA 4uE
M microtube® &< %, salt solution 1gp¢, TOPO vector 1pl, distilled
water 405 P 7Fsto] AlLoAl 308-3F w2 A7l oS competent cell (£
coli DHS @ =T1) 50utE F7tste] ice wlellAl 203 vE3AI7]2, 42°CelA
30%3F heat—shock AlZUE vFE ceol] 2~3%%F v F SOC ®iA| 2504t
ket om, thA] 37TCelA 90%3F WE wjFAZch NS X-—gal
(h—Bromo—4-—chloro—3—indolyl— 8 —D—galactopyranoside, Sigma, USA)
40pg/ml ¥t Ampicllin 50gg/me7} 2 7}¥) Luria—Bertani 3] (LB, Difco)
of Siutate], 37CelA 2dAibEel whekA ) & ahd A siale) 3jetoe] o

sh A8 shelsha SlMow vehbis Pebe st

<

_10_



3-3. Plasmid ¢
siekel SlAe] Hebg #stel. Ampicillin®] 50pg/mé H7FE LB broth
(Difco)ell  HEF F 24A1Hge 37Tl witstgdeh. g 1.5mS
microtube®] 713, 12,000 rpm, 4T. 1087 94 EBgslo] 48 & 3,
dael WA e AT o] A dEel. 100 ice—cold solution I
(50mM glucose, 25mM Tris/Cl. pH 8.0, 10mM EDTA., pH 8.0)-& 4,
vortexE ARE-3to] R3] @EMA|Zich &EF o] 200409 solution II (0.2 N
NaOH. 1% SDS)E Y¥il, 53] invertingdto] £33 & jceollr] 58 %ot 4
A7 150t ice—cold solution I (60m¢ 5M potassium acetate, 11.5
! glacial acetic acid, 28.5mf distilled water) & H7}st1. 53] inverting s}
of EASH 5 iceolM 5EF wESAIZICEH WEZ-HE 12,000 rpm. 4T, 1043}
A Atelete]l AEel plasmid7F ESEE $9S Af microtubed] & ZTh
Plasmid £l 22| Phenol : Chloroform : isoamylalcohol (24 : 25
DS ¥a, vortex3 F. 12,000 rpm, 4C, 1087 94 B33}, =2
DNA &8 A} microtube® A th 28 volume?] Ethanol®} 0.3M Sodium
acetated Y1, vortex® E¥tste], 70T 1AgHEd  HHAFC
12,000 rpm, 4C, 10x3F &4 wefste] FE4s s AAL F,
washing Y822 70% Ethanol 1m¢S d7batil 12,000 rpm, 4T, 108 %

o 914 Helstel, Bl

k8] A ASE £, Ao 1087 A AxAIA
b A 2% plasmide]l 20gg/ml RNase7F #7Fel TE buffer 502 Qoo

pellet= =591 §- ARE dA7b2] —20Ce| wylataich



497 MY P4

Big Dye Terminator Cycle DNA Sequencing Kit (ABI PRISM PE
Applied Biosystems. Foster City, CA, USA)& Abgste]l ®2l¥ plasmid
el insertion¥] @7|MAE B8 F Zhzte] f471MAES MACAW program
(Version 2.0.5., National Center [or Biotechnology Information, National
Institutes of Health, Bethesda, MD, USA)E A}&sto] nlwsdct. MCP
gene? A7IMEE& EUE Mega? program(Version 2.3 R2.. Based on

CHAPM. USA)& AHg8to] AlgaE 13

2004%1 8 8 ok WA A el Rl dom el E o

o 5

iridovirus® @ AelE xASEYUH (Table 3). A3 o= 314}

L
IR

L R
2h 5290 ol A pReka] AF el AbgskAdoh

first PCR test9 nested PCR test® ©]&3}9] iridovirus 98 A8 ©
], first PCR testollA] positive H+$S vER S sampleSS 25 A} 2
o]k o HAbo] 7 2 moribund stageoll Y B R testE AAFF oo,
MEol= gt group B 10704 o] A4S AdFstgow, 3 groupd 135 dol
st groupel 5Hubg] o]4to] PCR test positive® YERRHE, 1 groups
positivei 7I4F 3FATEH neted PCR testiz ¥Hato] wufAtolr} fekow vzt
stol o]ibo] Qliz AAH Ao AFEEH UL neted PCR test positive HFS S
Lheb s samples2 8F groupol A 2ube] o4 nested PCR posilive WSS

e s 28 nested PCR positive i 7] & &9l u},

“!ZA



6. Challenge test
6—1. Virus strain
A A9l iridovirusell AR FAES e pearl gourami( 7richogaster
leerr)?] &715 Feldl PCR testZ4 iridovirus® #9-g ¢l 3 5 o]

oo v NFE A& oH, t1 o 7]Ee] AW @Akl iridovirus stain

Q1 RSIV Sachuns FZ Ao AP35}

6-2. Ao
§He alglelt Aarel wholiajabelal AR ol AlE FSlske] PCR test®
$o) negative W& bl 2 ARgSHh Aol Y 0 AR

W kel Al Aol 2 F9lske]l PCR test® 713 172k of A& Aglol& A3t

AUtk A WA KE oAz 25TE Ak 19 13 AlEE FAoh

,13;



6-3. Wb AAE 51 (LDso)

R A F5(LDs0) & AbEsh7] fletol 2ot 470 Alg -8 AAsg] o,
Agle) AFRS virus HEFNE Img/mé. 10gg/ml, O.1ge/ml. 0.001ug/mee] ko
2 15ukel¥ pearl gourami(7richogaster leeri)$t rock bream (Oplegnathus
fasciatus)o) 2&FAE SHATH A & 149 b 509 AR =32 87hel 7t
2ol AdolE wAE v, ARSI 25T (H0.5) 5 A3l &Y u 7k &
Akl o, @ 2~3Y FEES FHVIAA AMgsdth Abg e ok AL
T 1Y 18 s AATROH. B A Aol AbRE AT Fojskalt
AEsH Feh BUERE ot oAl W matel: HA Szeld A,
dedel  ARESRATE LDsos® 149 kel A HAbg S Vo
SPSSprogram (Version 10.0., SPSS Inc. USA) & AFE-3F9] probith] &

A i

~—4. Cross challenge A9

A EEH TAAYSE 722 pearl gouramiolA #2218 virus isolate & gt
sybarolsh slitolel 10gg/miel FEE 2&FAL sglor], ake RSIV
Sachun isolate® Aol 9 djato]o] 283EAF skl th 50 ¢ 9 AMY =%

off ¥hofel slidbol s 2bzh =x]ste] Ao, vk =212 9 wRw 4

o Eolahth



m. a4

1. @4ole] el =& 47
2004 1€ o] TofidelA el & pearl gourami(7richogaster
leer))= F%F Aoy AM FstE vehl otk skA|YE dofo A LiE}

= vl Fdi= ofA7E 2E Wk ofvek wjge] A7) oAl AghY]

Fol 4 wlga AA T ¥+ Ak Fol 9 31E nYstel ¥

okt
-1
)
ox

[e]
f
s
3
%
w
X
~
i~
kN

A NA iridovirus®l W3 Al B4l w)



[Fig 1. Naturnally Iridovirus—infected fish. (A) Pearl gourami
showing the dark body coloration from a outbreak. (B) the spleen
showed swelled(arrow). (C)The spleen imprint showing enlarged
cell(diff—quik) (x400) (D) The liver of a pearl gourami from
outbreak displavs many enlarged cells in the pulps. Hematoxvlin and
Eosin (I & E) stain..(x400)
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2. Virus? 97|41d vlw

2—1. PCR @3}

N

glo) 22 Welda Bg B2 iridovirus®) #EE AR ESH %
ARZ 9lal PCR amplifications A&t o] & 2918 primerss ©] A
of RSIVE A&3t=dl AL 919 (Oshima et al., 1998; Kurita et
al.. 1998, Jeong et al., 2003). GenBankell 5&¥ o] Q= ATPase
gene, MCP gene, & 7|22 A &% 2709 primer set¥ 2 A3 o
Al ORF 23(RSIVE] B ORF 2)& #& & 4 & Primerd A28}
of Aol ARtk (Table 1).

Fig. 23 919 e x43rda 07 iridovirusel]l 793l ZoR 4y =
pearl gourami( Trichogaster leeri)2]  spleenolA  H2l¥  virus9)
DNAE template2 A3, 3709 primer setsE 7H2F AFE3Fo] PCR
amplification&  HAHE wf. @7 sdo AAE el Fo|u},
Lanel® 23= 563 bp lane, 33} 4+ 1330bp2l o] # el bands7} 43t
st vtebskch lane 5 ¢F 62 S1F. SIR2| primer sets& Abg-3fo] U}
ElFtt bandE 4 laned+ 2031bp. lane 62 10182 vt 719 band7}b

PEE T CLel AR (bt obrbul, NS e gMow wA

Av) 99k 2 PCR AMES 92 4 otk

i

it
Yo



ATPase MCP ORF 23

6 M

18301
P o« JERLES

1018bp

S6Thp

IFig. 2. PCR diagnostic assay for iridoviruses in pearl gourami. 1, 3 and 5;
Naturally infected pearl gourami. 2, 4 and 6; RSIV Sachun isolate. M; 100
bp DNA ladder.



Zbzkel PCR AdES 2% AAstel cloning A7l %, plasmidel
insertion¥ 212 AV|AAS WA vl thH(Fig.3). Table 2+
pearl gourami(7richogaster leeri)ol* ## ¥ viral DNA2] H7]A
A& GenBankell %=° U+ iridovirus® ATPase gened MCP
gene¥ B]WES, 1 FAMIES percentage® HERH Flojt} ISKNV,
DGIV?S] 9 MCP gene?t ATPase gene 5% FOVSF 99%olArel
Abetalow . LMBV, GV6e] 45+ FOVe 60%°late] #4H3& et
ek 1 9 allgre] Sl iridovirus® DNA sequence @A FOV &k
90%ol el A & vheb T

K—1 region(Joeng et al. 2003)% RSIVe Z9 DPOL(DNA
polymerase) gene®4] RNRS(ribonucleotide reductase small

subunite) geneAbol2l OREF 13} Pstl(Kurita et al.. 1998) 1]l

ORF 2% x&sla 9 5508bp2 nucleotide sequenceo]™. ISKNV

] A9 DPOLY RNRS geneAlol?2] OREF 20 OREF 238 3233 K9
Z 2helt) RSIVEF ISKNVE K-1 region®l 20+ deletion®} variation

o]

o

Hat 9l RSIVE] ORF 2 -3, thr] whe)] ISKNVE ORF 23 %
3L RNRS gene AbololAl S1EQF SIR PCR primers A 2H5}0] pearl
gourami( Zrichogaster leerd) @] viral DNAXZ PCR-S AAl&gie}, 1 4

1018 bp2) 1o &3t band7F AA Y o, RSIV Sachungl 4+

#u1= FOVE bands A5 5 At Fig 2). ISKNV 2] ORE 23¢] s



@b 299} RSIV Sachunr® ORF 2 sdsh= 2919 DNAQ ¢
1MA4e Fovel s Ay ISKNVeh: 99%old A o,
RSIV Sachun¥i= 82% 7+ #-AFshSith,

S aadolo A Fegt FOVel @7Ixdat ol 4ol BirE iridovirus
straing el G7IAEE wlwd Zy [SKNVEE 7 fAFsE th(Table.
2).

Fig. 32 MCP gene® ASsz uvebd 1ol AEFolA ey
%ol FOV7F ISKNVE dws] fAbste], o] Mol Rty DGIVEE ALIV

oF . A] vtk A S o g AdchH(Fig. 3).
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Fig. 3. Comparative analysis of the DNA nucleotide between the two
different genomic region of iridovirus isolated from pearl gourami. Identical

residues and gaps are represented as dots and dashes, respectively.
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ORF 23 gene
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Fig. 4. Comparative analysis of the nucleotide scquences of the ORI
of iridovirus isolated from pearl gourami. Identical residues and gaps

are represented as dots and dashes, respectively.
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Table. 2. Percentage of nucleotide and amino acid sequence identity of
the major capsid protein and ATPase gene of Pearl gourami iridovirus

compared to fifteen other iridoviruses.

Nucleotide (Amino acid)

Virus?
ATPase MCP

ISKNVY 899.8 (100) 99.6 (99.5)
DGIvV g2.2 (100 98.2 {99.3)
ALIV 5.7 i98.9) 98.4 (99.5)

Fresh water fish
GY§ none none 57.0 (52.1)
DFV none none 57.0 i52.1
LMBY 95.9 (89.4) 52.9 1(26.9)
SBIV §5.3 199.4) 94.4  (98.4)
GSDIY 95.9 (8G.4) 94.4  (G98.4)
FLIV none none 93.7 168.0
Sea water fish RS1V 94.8 198.9) g4.5 188.3)
Sachun 95.3 i99.3 94.5 (98.2
Namhae 95.9 i98.9) 94.6 (88.0)
CH-1 96.0 i98.3) 93.8 (98.2)
TFY 63.2 152.6) $3.8 (46.5)

Amphibian
Fv3 62.9 146.2) 93.8 (46.5)

none: Not published in GenBank.

CISKNY, infected spleen kidney necrosis virus: DGIV, dwarf gourami iridovirus: alrican
lampeye iridovirus, GV6, guppy irdovirus, DFV. doctorfish virus; LMBYV, large mouse bass
ranavirus. seabass indovirus: GSDIV, grouper sleepy disease iridovirus: korean flounder
iriddovirus: RSIV. red sea bream iridovirus: Sachun. red sea bream iridovirus sachun:
Nanhae. red sea bream iridovirus namhae: CH~1, red sea bream iridovirus CH—1: TFV,

tadpole edema virus: FV3, frog virus 3
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Fig. 3. Cladogram and test of alternative hypotheses estimated

from DNA sequences of MCP gene.
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3. BFTte] 9 iridovirus 4 B FA}

3-1. #7] 9 A9 pearl gourami?| iridovirus 3 %A}

2003%1 12€58 2004y 109 7bA] ko] ¢ Ato] TujAdsa
Bl d3olE -H]lsto] AdE AAleAth SlorolAl #=9l¥ ddojo A

o,
T

o}-‘

FellA LofFor 7hAL 2 29 el dyolE skl AP E
dAjstdom, 219 Suel A A E el nEE S A Elnd
M meidew b A 29 ol HEolE 7ste] PCR testE
HAAlsEATE 7R pearl gourmil Trichogaster leeri)s Tuf2dol A
FSleto] AEE AAAT
Pearl gourami sample<- 1YW & 1739 744 't'l”z}‘.}l S adel A Al
Aol Felstel 33 1st PCR positive W& vehiglon, 113
neted PCR positive W82 YERFATE 1st PCR testE 8 A3} 15
Z1el B71EelA 2982l 1st PCR posiitve Z2¥7F yghow,  zhzh
~80% 7k HAbEE vheRUATE Crefar FerellA 3] dst
PCR testoflA 3 Wl positiveE el T
nested PCR test) A9 A715% Aol A9 w7 287 3 W
A negative® VERAR O, A7bEe] AS 287 g W PCR

negativeE YWERSITE 1 9 187] 475 A eA] 3 group, 2%7]

ul
-0

A7EE Akl A 2group, 3w7) AT7FECA 2 group B A7IES F
=rell Al 27 1 groupe . 4%7] A7Ivsk A7REelA 22 1 group 4

nested PCR positive W8-S vFebul e} (Table. 3)
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Table 3. Detection of iridovirus in pearl gourami by seasonal

groups.
Nested
Month Area Number 1st PCR
PCR

Jan~Mar Kyunggi—do 6 2 3
Kyunggi—do 1 0 0

Apr~Jun
Singapore 3 0 2
Kyunggi—do 1 0 1
Jul~Sep Singapore 2 0 2
China 2 1 1
Kyunggi—do 1 0 1

Oct~Dec
Singapore 1 0 1
Total 17 3 11
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3—2. A 4l oFW jridovirus 249 FAf

pearl gourami(7richogaster leeri)8F 38 M o7 Ao E 7z st

% 6338 AA drado] samples WO ZRE E]Ee], PCR
testoll AFR3FATE 71 F 53] 1st PCR test positive W2 el
o 453] nested PCR test positive RFS-2 el om, vba] 13
3]+= PCR test negative W8-S LFeERUSITEH

A7), ek, A7HE S B 1st PCR test positive® HERE o]
F7F Ao, AVt Eme] A EYF pear] gouramiolA] veERE O
. 9loke]l A blue gourami ¥l H7FEC] AS silver gourami®l
ch thA] @el) PCR Ist WHSS Koli= Adole] AL gourami sp. 9
b thE o Fofl A= pested PCRS A A8t S o} positive HFS-S U}
ERi ik (Table 4). 14E°] ol5rell disf PCR tests 3 A3} dfF-#9
T ryHgool A nested PCR test positive WS-8 vepdl wbd 3FH
o] wytoldlAl PCR test negative BFES el ofa] 2Zhs)
plesco ¥™ vlapetar Ee)i= w7z gavbdol el vrej Al SAke] o
african lampeye (Aplocheilichthys normani) ?F swordtail (Xiphophorus

helleri) ?1 4= PCR negative WH2-2 YEeER|CE (Table. 5)
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Table 4. Detection of iridovirus in freshwater ornamental fish by

regional groups

CAea Number st onested
Kyunggi—do 16 2 3
Milryang 8 1 6
Singapore 37 1 30
China 2 1 1

. R
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Table 5. Detection of iridovirus in freshwater ornamental fishes.

Fish

Pearl gourami

Silver gourami

Blue gourami

Dwar gourami

Platy

Molie

Angelfish

Guppy

Plecos

Oscar

African lampeye

Smatra

Swordtail

Neontetra

Scientific name
Trichogaster leerr

Trichogaster microlepis

Trichogaster trichopterus
sumatranus

Colisa lalia
Xiphophorus maculatus
poeciia sphenopsxy
Pterophvilum eimeker
Lebistes reticulatus
Hypostomus plecostomus
Astronotus ocellatus
Aplocheilichthys normani
FPuntius tetrazona
Xiphophorus helleri

Hyphessobrycon mnesr

Total

,34_

Number 1st PCR

17 3
10 1
5 1
6 0
6 0
4 0
2 0
3 0
2 0
2 0
1 0
1 0
2 0
2 0

Nested

PCR

11
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4—1. ¥k /(]A]- =L Dso)
T ytdolel pearl gourami(7richogaster leerd) 8} $-2lubet <)o
o iAol iridovirus®l HE7F 7P WS rock bream(Oplegnathus

fasciatus)S WAl pearl gouramil(Zrichogaster leern) 73g o] el b

»0
o

Xl

g Fol & A A3

o
olv

)\]]

Ol

) Itk 53 1mg/fish, 10ug/fish, 0.1
ug/fish, 0.001xg/fish®] 47}x] ¥ xz A A8t th Pearl gourami®l 7
T AAY 6dAYE AL dejwkon, 159 7hA] FAbt ¢ha w9
Lk 7hd Ale el 0.001pg/fishe] 745 #HAF7F Aojix] okgkeh,
HEybgo]l Wyl obuf el dlAtolQl rock bream(Oplegnathus fasciatus )l
Ain A S el e b A gl 0.001ug/fishel Al pearl
gourami( 7richogaster leor)i= 75732 VFER A 98 wlg, s Ako] 9l
rock bream(Oplegnathus fasciatus)2l 745 209 7F4] 60%2] AALE ®
AT (Fig. 7).

SPSS 10.1 program< AFE3}o] pearl gourami®} rock bream® LDsq
= AxRstATE C1elan ofAl lg A F LD AXEE A3 rock
bream©]pearl gouramiX.t} ok 7H]7}8F FOVe] 7+5A o] w4 (Table

6).
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Fig. 7.Cumulative motality of pearl gourami ,Trichogaster leeri, and

rockbream .Oplegnathus fasciatus, infectied by muscular injection
with different dosages of FOV
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Table. 6. 50% lethal dose infection*(LDsn) of the FOV in pearl
gourami and rock bream

Fish strain  SCentic o LDso
name
o . Trichogaster | . oy o - N .
Pearl gourami Joori 4.5g(x2) 3.3X10 'wpg/fish  7.5X10 "ug/g
Oplegnathus — . -3
Rock bream ) 10g(£2) 9.7x10 “pg/fish  9.7X10 " ug/g
fasciatus
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§l Hds Edim gaadeld FOVE 2H2 10ug/lishzs 35 FA48He)

th. FOVi= pearl gourami®.t} dwarf gouramio] ®HgAjo] =gto

blue gourami®} silver gourami:= pearl gourami$} B3 +2 #HA}
S vehdi ek v Fo davtAbol ol A9 pearl gourami RTF 7

st W AAS Leb 2 th(Fig 8).

4=3. sfatofoll ek A test

siikolell 219 2ol FOVE 2tz 10pg/fishit t5 FAFSFIUH FOVi=
shybdelel el viruslels  E=Atskal slakelel  rock
bream(Oplegnathus — fasciatus)¥  spotted  sca  bass (Lateolabrax
maculatus) 12131 red seabream (Pagrus major) ol % A #AbE S
ERlTh FOVE 2554484 34 AR E #Ahs dhebe] 109 vhel

100% #AHE e ol (Fig. 8)

4—4, @5 edole] tid RSIV Sachun®l 7244 test
ke S0l Bl E#l3k RSIV Sachun$ yh53dolel 10pg/fish
Ty FARSSITH AdolE By WAAS UEREg o £3] pearl

gourami®l 49 RSIV Sachunel] & #4442 vebddet 2 9 o3

bl

ol W aaol= FOVeE RSIV Sachunel vl5:3k 24 A8 7]

skalch (ig. 9)
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IFig. 8. Pathology of the FOV in 9 teleost species. A Gourami sp.

B3 Freshwater ornamental fish C: seawater fish
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Fig 10. Artificially iridovirus—infected pearl gourami and rock
brecam. (A) Pearl gourami showing the dark body coloration from
a outbreak. (B)The spleen showing swelled and pale tssue
coloration from an artificial infection. (C) Rock bream showing
the dark body coloration from a outbreak. (D) The spleen showing

swelled and pale tissue coloration from an artificial infection.
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Fig 11. Artificially iridovirus—infected pearl gourami. (A) The
normal spleen was imprinted (B)The spleen imprint showing
enlarged cell(arrow) (diff —quik) ( < 200) (< 400)  (C) The spleen of
a normal pearl gourami (D) The spleen of a pearl gourami from
outbreak displays many enlarged cells in the pulps(arrow).
Hematoxylin and Eosin (H&E stain) ( x 400).
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Fig 12, Artificially iridovirus—infected rock bream. (A) The
normal spleen was imprinted (13) The spleen imprint showing
enlarged cell(arrow) (diff—quik) ( x 200) (» 400) (C)The spleen of
a normal pearl gourami (D)The spleen of a pearl gourami from
outbreak displays many enlarged cells in the pulps(arrow).
Hematoxylin and Eosin (H&E stain) ( < 400).
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6. RSIV Sachun #Z¢de]e] 2w alsh# uliw

pearl gourami®t rock bream®| W&z W F£2 S imprinting 3}©]
diff—quik @ ¥ 0.2 G Hsto] Fetdr]F o &3 A3} FOVel 724
ool 2] n AL} whxbbRl 2 v e A7 oh i E HQlow, v
AL H & E 948 23 9A AdAxs #4238 5 gdon, v
Mo o] Falwo] Ao} o] yhEy A otom, METE A AL

= basophilic 32 Th rock bream(Oplegnathus fasciatus) A1 o1 ¢} 2

K

o FAS wE 3 5 gdon, v e 2 AgAE oA B & -

Ak (Fig. 13)
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RSIV Sachun

Fig 13, Artificially iridovirus—infected pearl gourami and rock
bream. (A) The spleen imprint showing enlarged cell of a rock
bream (arrow) (diff —quik) (¥ 400). (I3) The spleen of a rock bream
from outbreak displays many enlarged cells in the pulps(arrow).
Hematoxylin and Eosin (H&E stain) (< 400). (C) The spleen
imprint showing enlarged cell of a pearl
gourami(arrow) (diff—quik) (x 400). (D) The spleen of a rock bream
from outbreak displays many cnlarged cells in the pulps(arrow).
Hematoxylin and Eosin (H&E stain) (< 400).
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o5 wdolell Al Lymphocytis virus(LCDV) (Rasin 1927) ¢ digt ®.327} A

& ol Fol2l ol W wgolel

==

3t iridovirus @ Fel digk A7 Es)
olFof gttt 53] ol W W19 iridovirus FETO tid A A4
VEoE b gvboel uls, FdopAlobEo] ofgx]odola] HuEojA gpon
AR I S R A S

Paperna et al. (2001)2 A¥-2o] Dwarf gourami(Colisa lalia)$} African
lampeye (Aplocheilichthys normand) S WA S iridovirus WAl 285

LU

,@.

13k owp o gk ol Arkale] gkl iridovirusel  ohdF R
Sudthongkong et al. (2002)] 2]ske] o]ito] Hi=d] 0|5 o]Avtale]
gourami®} swordtail, platy. molie, scalares2] oe] WgukAro]o|A] v}y s}
iridovirus s #z2pd ] 44 o wzste] wsdel o3k 9=t wharwbak
ol ] iridovirus @&l st m&] Ruos Bprsta eluere] s akatol

of oheh iridovirus FAEOl hek @ W Wi AT Agolt 53 S

vheke] gk ko] AldE Sdolbalobe] WX oA 90% 7S Folskar 9

o ol FelAE g bdel e 45le] FoiE o o)
W A A A s AR divbR ko] Loofadel A o g AL dolvk 1At
ol %2 stuel Pearl gourami(7richogastor leern @) ¢ 82 ol 2 43

S oekdl o o] ol dd@ WA iridovirus A5 FAlE R o,
AL I & B 9NE stel et o yhael A3t iridovirus X3 ol

Aogelsel Edie Aevlee] shbel At whEsodch W she
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iridovirus 7495 el 2 &l o] 3 AR A RSIV HAZEzo] A} 24U 2 sets

o]
%T T )

A
T

o] primerE A}&3te] PCR testd A AEo] PCR A4

O.A.
Al
‘.JIO

2

ut.

Bt

ek o) Aypkg 7FA AL iridovirus g Eolebs 24

r°i'

e dek & 5
ek CrA A Kop gtk FAE ah7] fleiA] PCR AP EEEYEH DNA 4
7 el BEAS FAIske] ) Eo At el W4 vkAre] iridovirus$t Bl B4 S
MASER e (Fig. 2). 2 A# 71E9 mandarin fish(Siniperca chuatsi) o)A
w2 ¥ ISKNVEL dwarf gouramioll A #2]¥ DGIVE ¢ structure gene?)
ATPase gene® MCP gene< pearl gourami(7richogaster leer)o)*
¥lovirusQl FOV e A7) a nf9- fAFakalch,

A7 A tulol 2 iridoviruse] S-S A ste] B, FHAke # R L
e We- repeating sequence® 7R3l 910 v o] )3} sequencesys Hho]
A9 genomic DNA variation @ANA 714 WA targeto] i JH oz o)
%]tk (Schnitzler et al, 1987: Fisher et al. 1988; Bugert et al,
1993) 5 vF Bahr 5 (1999 2]8h¥ Herpesvirus® X33 2.8 double
stranded DNA  virus® genome©Al Eo]#Ql A2 DNA polymerase
gene Aol e FHA7E cluster el EASE ths AHelth o]t
WirEol 2Juldk= AL iridovirus? genome©lA] % DNA polymerase gene
°f proximal region A Ay whold o structural  fFARE
terminal regionzo] S & 9lon], "1 Ay o] A= @3] nucleotide
variation?} &4 structural %37 nonstructural 5-$1°] 13- nonesscntial
regioniz |t} repeating sequencet @ insertion Hi- deletione] Z&A f

chvlb Zto g Fgy)o] Al 3 ot A= iridovirus® nucleotide sequence
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& deletion} insertion®] 7FsbAl vrERL= F91Q1 ORF23 gene¥t ORF23%}
RNRS geneAbe] 2] non structure genes Hlw #4138t 71 2y ORF 23
gene ¥F ol @t ORF233 RNRS gene AFo]9 non structure gene 9 A]
99%°] FEAds BAW(Fig 5). A ATFE Fatel 4 iridovirus &3

FOVE Bl A3 A3t ojd dA-pelld B ¢ @5 iridovrus?] ISKNV e}

r—lm

W A Aow dekkeh 9] N Y #AS A%S BAE Fae] 2

—‘} = [¢] L
A AeA Felgt FOVE @4 dbol iridovirus®] shubel ISKNV 9} #2485

= Z]

e o o als
stAox g fFAREE 54

it

itlo

TFX

=)
%0
22
_\:,

Pearl gourami( Trichogaster leer) 2] 749 AR 7} Eylolalofolm iz o]

{ar
ru

pearl gourami( Zrichogaster leernol* -2l¥ FOV7E 429] && & %

roEa A Selvkebel foludrki

o
110}
(e

}.

sb 4= Stk

—1\

ol eltell A 912 A7) ARAS Bl 2004 3 o ok 3take] yhAtol
e iR g vdelel Ao W A7 iridovirusel S HEIE %
AR A Table 3). test W® & PCR W& Atgstgon, 1 step PCR} g
7l 2 step PCR H1?) nested PCRS W &sto] AAselch Carriery= ¢4

oAl ngeknA e Salel e A7y wi AZgow obal

carrier stage©l e viAl W@AGE UERA s ol A SRSih 2
step nested PCRE 7% Target DNA7Z} “fojsko g EAstujaty: ARier 4
2= PCR WO virus®} carrier type <15tell Wol o] gx|a1 gty “ruv}
Targel DNA ©] =injgke] zo]ofA] PCR positive 2t negative ¥Hg-o] 74 4

. 2z 9 PCR inhibitors @] 71eF vl 29le] 9l&] PCR negative WHg&
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Relth 2 A+elMs §19 2 step nested PCRE 545 ardste] 8 1%
o] test sampleol 20%2] nested PCR positive WHg-S vrebd, 1 21H
< nested PCR positive® F+er3t3i ol

ol FAbe] vhepyE Hap 1geflA 39 Ale]dl 1/437]9] 1 step PCR testol
A EEE ol o]z PCR testell positive WHEE BQow AP el o
FrEo] gourami sp. ©l ATt T3 1 step PCR positive BF2S LlEPW o8
o] Agofeld AAdAAE Aot gHaEvdeolo] S Aol 2 A
Al 25Ce 25 FAMA Fojob stk uwebA w ol 9lolAl g
iridovirus 49 & LAFlA LpERSE A3 3Ro]l A7) sbi= Y-yksbAl LhERVRCE
-

-i"% ‘{F %I\E}'

Aetalow Jrkazel Fafol Al 5l o Fyh elvhete] A7) Rl kel Al
AR o Eoll Al oAl 1 step PCR test positive Z ¥} gl 3k 4= 9lgjr}
o= iridovirus ZAFel A4 SAv= duglo]l AlAl 2 oA kAt
Uhar 3 4 AR, A iAol Fol gdobrobrh fakH] o), HolE A7EE
offAl ]lakel Aol E Hsgb 9l owieksli= Sevhete] vidolF okl e g} o

Aol ef=tefe] Balgol o] B. iridovirus S A9 A o sl

r.u

Ao Al gHEydol iridovirus7h f8le] AlAl ol Ao g sty FloR
a9tk 2 step nested PCR test®] @2} gourami sp. i 88 32 9
g abdool Al nested positive BESS Bl om, ool o] #H AR vl st
Avk o] Ay gIFEE carrier EHL iridovirusE 72 9ok B 5 o
ool sk Qolef 28 iridovirus?F WSS Ao P HC)

el s L e whE SAY (A @sh, s 7k ol HkE S xell
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Yol 7] 9= ARTE 8k o oy o]F 5 #o] HolA] 7193 A7 o
Wl vj2o] woloal B8 iridovirus7t sAtelel a4 S 7pR
thid, 1S oabol Ajefub wrdtyl EA| b oyl o] AAF kAl A A

Aol A

Ul
o
-
~N
ol

A2AE 7HAA Ak @A o] kAl FAE ool wE
s 9lslar Sy dfFEFQl ulo]leAA AWML iridovirus® 3 F¢l red
sea bream iridovirus (RSIV) &l el Aol 28t red sea bream iridoviral

2] o A
Tl 1

04.

o]

f
%

ot -

1,

discase (RSIVD)ZA] wl-¢ 34 Fo) A o 7 uka] A

.H

2t (Inouye %, 1992). 53], ISKNV2 2% w019l mandarin fisholl 4]
W ARS wRAEkl o He et al (2002)i= ofe] waolgel s ato]ef
ISKNVe] &7 H93 $stol HE sfatolofi= ISKNVE d§A S sheléhx|
2o, vh4olQl mandarin  fish(Siniperca Chuats) €} large mouse
bass(Micropterus salmonides) Irelar & Ak oJojel # 0]
(Ctenopharyngodon idefla) 5o F32de] vk wigk vf Qo 1 2o
% dwarf gourami iridovirus (DGIV). African lampeye iridovirus (ALIV),
cichlid iridovirus, guppy iridovirus, angelfish iridovirus, swordtail
iridovirus, platy iridovirus, mollies iridovirus %3 #9] iridovirus?} &} 9]
o] o] grpolFol At Rarv) 9t (Armstrong& Ferguson 1989:
Anderson %. 1993; Hedrick&McDowell 1995; Rodger %. 1997;
Sudthongkong %. 2002).

Klinger et al(2004d)E Ao 7 iridovirusel] 9% gourami <3
Ramirez dwarf cichlids(Apistogramma ramirexzn) €} angelfish (Pterophyilum

scalare) 52 ¥HyAol R 5 B2y iridovirusi: thA] W vbAdo fioll
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AT E sto] g APE 3 Ay Agol5E Y iridovirusoll #EAME

LEb A Qbi=thar Ko gk vp gl

Yo AFo M= pearl gourami( 7richogaster leern o~ 22819 FOVe w4
A e 2dolr 7] YalA Ay AQ iridovirus 9 Eo] vERYT . PCR test A}
positive RE2-& YEN 3= pearl gourami( 7richogaster leer) ® 715 B4
slel 100w wHA] 34 8te] 4733t pearl gourami( 7richogaster leers) S} 3l
tkol iridovirusell fHpAdel s rock bream(Oplegnathus fasciatus)®l <5
FAHE slo] FREE A9 testE HAISFAUE pearl gouramid A HA =
Kol A #HARE dojurA] eksk o rock bream(Oplegnathus fasciatus)l 73
i HAFEAAM AL 60% AT Fig. 7). A8 Fa vhEyiadolola #

2 ¥ virus isolatc ol ® BEESEIL afAbojol plco] wiRlAS vrlhe], oW

:

1

S AE 9 4 glch

A4jo] whapolnrt

il
il
-

2 59 testE AR gourami sp. 2] o] F ) ® el wrabAtol gl gl Ako]

4
o

T WEeR AT testE U on. oH AtelAl AMESIA W sfato]
iridovirus strain® 349l RSIV Sacuuny %3 288 AA8g 0w, test
el virus isolate {Fe] FEAE Fol7] flEiA] PCR 711 S o] §-3t0] E&ko)
virus¥ S challengestdth, "1 Ax A o] Aol AR uk Ezo]Fol 3
ol Al2lgk 5 virus strain B ool diabe] wiEe] HAAAS Yehd

UHFig. 8). ©] = 7}

2

AollA LAE 2 2+ iridovirusesZF A Al v of
Al kel source? 7hEA S AAISaL Yk (Mivata et al. 1997; Jung&Oh
2000).

WA e A = gy ubokel wbERvR ridovirusell 7w sk aro]of] vk
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Hxe RuzEH, £ AZE B3 iridovirus® =22 #90& AAEge
W pearl gourami(7richogaster fcerd) 8l 5ol Aol 4 LD;S A4
warol ek siake o) g tatel iridoviruse) a2l xolE mimstgion, ¢
Tl iridovirusel dfAte] iridovirus®l cross challenges E3lo] w9}
sa<ke] Zb viruse] AR TheA S A AlEH

A7kl o] w8 Ao ©ro] Al ofdt Al A HQ AP ofF v
F Agoln], Tl So] WAelE U we] AWy o]} ZIAbE W o] Foix|X
obar leh 2 At ole} wate] o] o] AW Aol chd Al
Aok & 4 Ae Ak oAAAY, e o] vl Fel Al iridovirus g
ol d3tyl FHE Bokdtu Mty iridoviruses9b ol vl E FaiA], o]
virus7b 4=Ql o i Qlaf Hubgl AQlH o] i yhghehbisdl W wgo] € zlo]

I

& D B

vk wgk HEzRe] o] Hoe QlojA]l v W ARG vhdoway vl §
flof A 5 %S wohE slo|th

Iridovirus®]  ®lol5  #A4Z  fairle= 54 DNA  F9leidel d7w<d
variation®} 34 DNAZSQ] insertion %= deletion £ 2] 7FsAdel hdt A

ool Fol ol gtrk ARl AFH W iridovirus®] 5AE WA st B,
FHAe] # BE A W& repealing sequences 7FA Il 9low o] # st
sequencesi: HFO]# A 2] genomic DNA variation @A olA] 714 W14 target
of ¥ o w ddA Ut (Schnitzler et al. 1987: Fisher et al. 1988;
Bugert et al. 1993). vl9't} Bahr (1999 28k Herpesvirus® X3
sk w2 double stranded DNA virus2 genomeol4] Zo]# el &ARE DNA

polymerase gene 3ol W& Fd27} cluster Felit &8t Q= A
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olt}, o]l&3 HIEo] 2v|dlE AL iridovirus?l genomeolAdE DNA
polymerase gene®l proximal region :t# e dH¥ wvlo)e] ~2] structural
2457} terminal regioniie] EAE - QLo 1 A o] AT P

nucleotide variation® T4 structural 3= nonstructural F9ol A=

nonessential regions©°]1} repeating sequence 2} insertion ¥+ deletion

o] ZstAl vepd Aoer FAHHo] Wk o]leidt B4 iridovirusd 54 o]

)

ol S A oA upgle] Fd xaled Folu] rE sjite]g} waro
iridoviruses Alelellat & 7hgdo] Hzhsal it WolFE 9 genomic

divergencyell thsh HlW 492 4=4kq] dtofefA] W FAHE dorii e

1

iridovirus®) ®rebal W shof] thsto] HAb levelol 4] 9] =H o] o]=ojA 4 9lS

2ol
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FA7EA =i el g el tigt AAA] Are vF
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et
e
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A
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5 A Aolrh B oA o

ot
i)
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>
i

N

ol Pearl Gouramig& 2 d ¥

10}
-
-2
|

0
b
e

WaEk s, PCR 7o s & 3t At iridovirus 29922 7

2 U F Adh

o] virus® structure gene?l MCP genci#t ATPase genes 41sto] 7]
o] ISKNV gened}t w3k A3 99% 2] homology < KAt} 3 none
structure gene 44 99%2]  homology & 1.o] dHidol thavpatoldl A n
I[SKNVel  elgh gk #AAE A5S o 4 Ak FOVreshwater

ornamental fishes virus)E

G2AFERe] viruse] WHE A ARS
Vi orabd o, sk el eh afatelel AN shel oM
shel gk 713}, sharvbadolol A Hel ¥l virus loll sfibole] WIS L}

Ehuji- 7S ek 4 ) whil 2 & Ake) iridovirus®! RSIV Sachung

BoslE A % + AL olsh 2 U] YAEL o B

tF9=o] iridovirus7F whrlsl FleH sfako] ekl xbo] we mlalE dE
3 9lrkis A4S gl 3 = Ak
§E5 ybAe] o] dridovirus 24 A ElE 2ARsE] 9)Eke] o], Aodula

200441 g 8 ol testd A ofF-Eel whaybdolol Al carrier BE R

iridovirus& 7F43L i AL o 4= o whgvbatolof sl

;

jo

iridovirus 7918 & Fashe, B oolr i Ha] ybako] gl 9l

of ol HAG qfAlzE dach Aok of A
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