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Molecular characterization of iridovirus isolated from

freshwater ornamental fish.

Jeong—Hee Nam

Department of Aquatic life medicine, Graduate School,

Pukyong National University

Abstract

In this study we investigatied the molecular characterization of freshwater
ornamental fish iridovirus (FOV), known as constraint in. freshwater
ornamental fish industries. Two iridovirus isolates, ISKNV-like ‘iridovirus
and IVS-1, were isolated  from freshwater ornamental fish and rock' bream
(Oplegnathus fasciatus) respectively in Korea. I studied repeating sequence
containd region (RSCR-K2) | that belong to special genomic region of
iridovirus, called ' K2 region ‘and investigated intergenic region located
between RAD 2 and, RNRS region. Such as RSCR-K2 and intergenic region,
named IGR-RR in this-study ‘ecarried many' of repeating” sequences. On the
PCR for analysis of RSCR=K2 wregion, in genome-of iridovirus obtained
variable length of amplicons from a single infected fish. However, IGR-RR
region in PCR targeted a IGR-RR region an intergenic region repeated
carrying the highest frequency of repeating sequence in the genome of
individual, this study obtained only a single length of amplicon. Multi size of
amplicons appeared in RSCR-K2 region was derived from the deletion and

addition of the repeating fragment of 32, 17, 13 amino acids which was



came out much longer repeating sequence compared with that found in
IGR-RR region. On the PCR for analysis of MCP, ATPase, Pst1, ORF-1
region, this study obtained only a single length of amplicon. So this study
determined only RSCR-KZ2 region possess multi amplicons property. In
challenge test, I challenged poly length polymorphism and single length
polymorphism of RSCR-K2 even after cross infection to seawater fish, rock
bream and freshwater ornamental fish, pearl gourami were not influenced to
the pathogenicity of iridovirus from ornamental fish. In challenge test
through third passage, band length polymorphism maintained except for first
passage experimentation. Cumulative mortality compared with poly length
polymorphism and single length polymorphism of RSCR-KZ2 region, were not
significantly different.

In quantitative real-time PCR(qPCR) wusing SYBR Green for the
quantitative detection” of multi lengths of amplicons and single “length of
amplicon from ISKNV-like iridovirus. In quantitative PCR targeted MCP
region, viral concentration in the infected tissue by an iridovirus carrying a
multi length and single length of RSCR-K2 region were not significantly
different.
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1.4 &

Family Iridoviridae= o157 F2ol o] A7 A4 &4& do7)

adew A F A7) E¢k ofFel LA Tag W

(o

A=z dE A
ot (Jeffrey et al, 2006). Family Iridoviridae= Iridovirus,
Chloriridovirus, Ranavirus, Lymphocystivirus, “L2]3l Megalocytivirus
(Chinchar et al, 2005 & 5709 genera® &#F ¥t Family
Iridoviridael Xl M2 genus? Megalocytivirus’} 938z &,
infectious spleen and kidney Necrosis virus (ISKNV) &=
Megalocytivirus®] AJ A Fo =2 753t} (Chinchar-et al., 2005)
Mandarinfish ISKNV = 9]¢ megalocytiviruses= red sea bream
Pagrus major iridovirus (RSIV) (Nakajima and Kunita, 2005), rock
bream Oplegnathus fasciatus iridovirus (RBIV) (Jung and Oh, 2000),
RBIV IVS-1, sleepy disease virus (GSDIV), sea bass Lateolabrax sp.
iridovirus  (SBIV)  (Jung et al, 1997), large yellow croaker
Larimichthys crocea iridovirus (LYCIV) (Chen et al., 2003), Taiwan
grouper iridovirus (TGIV) “(Chao et al., 2004); and orange-spotted
grouper Epinephelus coioides iridovirus (OSGIV)-(Lu et al., 2005) &
thekst ool A ¥ iridovirusZb R Q)

T3k ISKNV-like iridovirusesi= red drum Sciaenops ocellata (Weng
et al., 2002), murraycod Maccullochella peelii peelii (Lancaster et al.,
2003), African lampeye  Aplocheilichthys normani  iridovirus,

brown-spot grouper Epinephelus tauvina (Chua et al., 1994), turbot



Scophthalmusmaximus (Kim et al., 2005), dwarf gourami Colisa
lalia (Paperna et al., 2001) S oA Hi¥ i Q)

Family Iridoviridae® K2 regione 443 G7|Hdo] d&Hx oz b

30

E-5] = repeating sequence’} o] ¥3E o] QE regionl = LA 3
om B Ao A= o] F9E repeating sequence contained region
(RSCR-K2)o]2}ax W3ttt o] repeating sequence’} YWEU+=
A2 Family Iridoviridae ¥4wb oyt Azl ES AFolA virusdl
repeating sequence®] EAjo] thal H ¥ AvH(Fischer et al,. 1988;
Schnitzler and Darai, 1989; Webby and Kalmakoff, 1998).

28] 3l poxvirus (Pickup et al, 1982), iridovirus (Schnitzler et al.,
1987; Fischer et al., 1988), herpesvirus (Wadsworth et al., 1975) and
retroviruses (Reddy et al, 1930) <2 ®2 DNA, RNA virus 7}
repeating sequenceS 7R TRl 9lo] H X UF repeating sequence]

715l WaiM = ob5 AA A A 24 wirus7t 54 =4 7w

F virusol Ae] A 2] repeating sequence®] T3k H 113 herpesvirus
o] £3}i= Channel catfish virus (Rovin et al), iridevirus®l <3l&=
LCDV-1 (Samalecos et-al, 1986),+CIV- (Fisecher et al, 1988), RSIV
(Walker et al, 1980), ISKNV (He et al, 2001)7} Hi%om
LCDV-C genomeW ol A 74 531 5% repeating sequence”} X 31%|
A tH(Zhang et al., 2004). AW o] F virus®! iridovirusol A& o} &7}
gom uepA A
ol M= iridovirus® repeating sequence®] 7| T THHoZ A

Tahee,

A repeating sequence®] W3t 7]Fo] LA A o



Arghol the) A E3 thE Ao A= repeating sequence’} ¢17F ¥ i
of virulence® do7|= H FlstA #A&svhe Bart ok (Moffat et
al, 1998). Epstein-Barr virus (EBV) Z28]ar Kaposi's
sarcoma-associated herpesvirus (KSHV) #2 gammaherpesvirusel A
+ repeating sequence’} latency amplification¥} viral gene expression
o] zHd #Jstrt= W a7b QT Thakur et al., 2007).

He et al (2002)°] W= genus Meglocytivirus®l| <3t ISKNV+=
mandarinfish®} largemouth bassol WajA v WAL S YeEdt L 3H%)
ARk FH 2 Akl el A ISKNVSF AR S22 dste virusell ¢ gt
o]l HuEa oW (Chen et al, 2003, Weng et al, 2002),
ISKNV-like iridovirus® %2 =X 2pdA4k sfiltotel] A 2-step PCR A
146 %9 #HE&S YHEWAY (Wang et al, 2007). dA-AF3 AF
Aol A sfitol e g ade] gk ISKNV-like iridovirus 74 9
Aol AR OL sequencingolHt #E AdAS S FHd

7 vyt glvd, 2l e o] [SKNV-like iridoviruse &87 &

f

2
rlo

=
=8

oX

ueba] 2 AFox = gl g5 B4 pearl gouramiZFE 2 E
iridovirus strain FFe] -~ FAAAEZBEA QA BIHS T o] 835}4  repeating
sequence’} o] &3ttt L4 F-RSCR-K2 regions A5kt &
A1) iridovirusell ZAtAZFAR el A7l ALDe ®lustr] 9l &
A RxEel A @4 B iridoviruse DNAE ®elshadal ii) ¥
¢l ¥ repeating sequence®] #olHES H7] 93 IVS-13 PGIV-K19]
specific region?] RSCR-K2 ¢ IGR-RR %19 intra, inter3t

repeating sequenceE HluWSH o™ i) ¢ BAFoel dike]d



l

PGIV-K13} IVS-1& Z+7 wx 7+9A1#H S o repeating sequence®] &
7] Mol WE7E A dotrr] 9% AddS sl 2 al wv) o
2] W9l passageE M%) A& A repeating sequenceo] W3L7}F A=A
olr 7] 98] IVS-13¥ PGIV-K1 F straine pearl gourami®} rock
breamoll Z}7ZF 7+ Al#A repeating sequenceE #+A3Th TI v)
PGIV-K1 repeating sequence’} WA} owst AAE 71 =2 Lo}
B7] €8] multi amplicon type¥ single amplicon major type® & 4E}

W PGIV-K1& 242 79217 rock bream¥ pearl gouramiol 4] #HAMS-

S X9kl real time PCRS ©] &3} viral copyFS H| L3} T}



o Az % TH

1. A3 o]

1. 1. g5 #49

Aol ARESH 4T @ BAolE SUlel wAto] mufidel Al pearl
gourami 7Trichogaster leeri,-dwarf gourami Colisa lalia, silver gourami
Trichogaster microlepis, blue gourami 7Trichogaster trichopterus
sumatranuss T YSkATE 2 o %

oA 19 18] AR Fo 2 &S B4 B 25:05CoN A 78] 59
FANZAY. 2RolE T 30£10g02 AT 279 o FE Aleal
dom oF& Agstyl A PCR test® AAISE 1st PCRAA 574 w1

2ol 1he o FE APolw Agehsitt.

el /g (BEY BF)

1. 2. 3 4ko]

Aol = -8 U FL2 %2 ofF SR rock bream Oplegnathus
fasciatus &G HFale] FA AN FPetAa 9o BE WA RE
AN ASH PCR testE AAdte] 1st PCRolA &4 wFgo] 1} o

e Agoz Argstaith



2. "ol &

2. 1. 95 #AY iridovirus strain

Ao AFEE virust 20040 Ul FAFo] Zujidol A s A F
iridovirus® A& 2 ¢l 7+ FAS Ho|:= pearl gourami Trichogaster
leeri (b.w. 4.0£1.0 g)¢ ¥|H o ZHE virusE #d, polymerase chain
reaction (PCR)S A A&t productE &elstgth ge1¥ PCR product
£ o]&3l9 cloning3tal  sequencingd %, reference iridovirus
sequences®} H] 13 A} reference iridovirus sequences®} H]nld}o]

ISKNV-like strain® = ®H% 3, PGIV-K1 (Jeong et al, 2003)
(Table 1)ol&t a3 t).

2. 2. 3 A+o] iridovirus strain

&

of AF&3l ThE iridovirus strain®. = 20001 F=oll - §-2lvhet et

o] Ao 2R HAIFHMiridovirus #H S

il

_4

o

X0} rock bream
Oplegnathus fasciatus (b.w. 100.0£10.0 g)] H|FO ZHE virusE &
Z], PCR amplification A A)3te] PCR productE &<lstdch 18
PGIV-1¥ 2 wWHo= 7243 Az RSIV Sachun strain® = 5
AL, o] & IVS-1 (Table 1)el2t B3ttt (Jeong et al., 2006).

Iridovirus 79 A& v Ao A AW es B =3 HA3

oftt

H

_

A Eo] A& 3HA IV S11/IV S13R primer sets (Table 2)& A}-&3F



PCR WH o2 bandE A3ttt ofFol thsk 79 A3dLS PGIV-KI
A}

S 7}
of AR, A Aol AR FAAS vt 2ol £

N

T IVS-1& 242 10 vkl 9] rock bream % pearl gouramiol| &7

SEATH A& AR iridovirus A 73S Holv 9ol pearl gouramis}
rock bream 10 wizle] H|[FOoZHE 10 volume PBSE X7}
homogenizer pestle® vl A7l % 300 xg oA 5&3F U4 Ha, AlxE
debris®] pelletS #| A3te] A4 S membrain filter (0.45 um pore size)

of T3 F, A A7AA 80Tl BaAsAtt



Table 1. Iridovirus

strains used in this study

Iridovirus Fish
_ Year o
strain Common name Scientific name
IVS-1 2000 Rock bream Oplegnathus fasciatus
PGIV-K1 2004 Pearl gourami Trichogaster leeri




3. vkl

[

‘cq

o
r>'
i
ACH

Faole] v 24 1 mge AHESHAth Viral DNA 2ol AF8-3 kit
= @A A#HIL dE AccuPrep® Genomic DNA Extraction Kit
(K-3032, Bioneer)®, A|ZAFe] protocolel wal HE 50 w9 elution
buffer& AF&3}o] total nucleic acidsE +2lstAth +&8d DNA+ A

g A7kA] 20Tl A H#BsF ).
4. A4 FFdE 5 FA9 iridovirus® EA4

2003~2007d7kAL 5 E <t AFAE Al Bt Erjde] @ Ao E
g o2 iridovirusell | o) se] A7l ALs w4sd. A9
o= Y4EAQ1 SingaporeZH-E Z=wujdol E=Fekx] 11U o]uje] F-¢3)
of o FAS Fleta, e -stof iR Ao FHE skt Wl
247 F v gz oZ B AceuPrep” 'Genomic DNA Extraction Kit
(K-3032, Bioneer)& A}-83}od total nucleic acidE #2311 IK2F/IK2R
primer (Table 2)2 PCR amplifications 2 A&t iridovirusel]l Z¥ @
T #o] 9] band patterns 4 3t%th. PCR amplification?] 30cycleZ7}
A AAst] W7 G SRS W band N7 271 o4 FE multi,

2.7 1719 band%t Holi:= AL singleoldtar A ol sk$)t).



5. 1. Primers

Table 2. PCR primers used in this study

E
Genomic . Oligonucleotide sequence %peded
. Primers . . size of Reference
region (5’ to 3’ direction) .
amplicons*
MCP M2F GGCGGCGACAATGCCGTG
gene 908 b Oshima et al.
D

M3R ATAACGACCAGTTCAAAC (1996)

ATPase
gene A3F CAAACCACAGCGCGGCAAGT Kurita et dl

N (1998)
A3SR AGTAGCGCACCATGTCGICC

Pst1 IPF: CTGCAGTTGCCGCTCAAAC .
Miyata et al.

SRRr (1997)

IPR CTGTAGTGCAGACACATAC

ORF-1 HJ1F. GTGTGGATGACATAAGTC
888 bp In this study
HJ1IR GTCATGITTGCATGTATATG

RSCR-K2 IK2F GTGCACAGTCGCAATAC

Jeong et al.

1996 Db o 06m)

IK2R CCATCTTTATAATAAACCAG

IGR-RR IGIF CGGATGGCATTGTAGGC
1551bp  In this study

IGIR ACAAAAGAGTCCGAGAGATC

"based on the nucleotide sequence of IVS-1 isolate.

_10_



5. 2. PCR amplification

PCR amplification< Applied Biosystems 2720 thermal cycler (ABI)
= AFE3F T 0.2m0 microtubee] 10 mM Tris—-HCl (pH 8.3), 50 mM
KCl, 1.5 mM MgCl,, 0.001% (w/v) gelatin, 0.5% Tween-20, 200uM2]
Z¥zkel  dNTP, 1uMe] 2t kel primer, 125 U AmpliTag DNA
polymerase (Perkin-Elmer, Norwalk, CT, USA) ¥ template DNA &= |
F=9 viral nucleic acidsE #H7Fst & SHTZ PCR =3E&E HF
volumeo] 50 w7} EHA skt PCR &7 94TeolA 33t
pre-denaturation Al %, 94T 30% denaturation, 5C 30x%
annealing, 72C 30% extension?] ®¥&< 1 cycle= 3k 30 cyclesE Ht
SAAY. 1 5 72T A 77 post-extension Al A Y. 5ZH AHE2
0.5 pg/ml ethidium bromide (EtBr)7} # 7k 1% agarose gel= $+5 <
05X TAE buffer (40 mM Tris-acetate, 1 mM EDTA)o €] ©7]
&5 AAs . Ultraviolet (UV)ellA YEYS= bands #23le 5%

o 8 HE dAE S8t

-11 -



5. 3. 5 #AEd X9 ZEH iridovirusE AE3H7] 4

PCR amplification

2

i
-
i
oz
2
=2
X

A ZEH iridovirusgE AZE3s7] 98 2003 ~2007 7}
A 5 Fob FAE AW At mufde] ' delE ddew HA
Z2AS 2239, AccuPrep® Genomic DNA Extraction Kit (K-3032,
Bioneer)E& AF&3}o] total nucleic acidE ##3lal RSCR-K24-91&
targeto. 2 &+ IK2F, IK2R primerE Ab&3te] PCRS AA&AT}t 1
? 3l repeating sequence’} Wrti I#HF E E H9<d IGR-RR
regions target® & 3l E3, S16R primerE A&3le] PCRES A A3
t} (Table 2, Fig. 1).

-12 -



_ K2 region of iridovirus IVS-1 -]

IK2F/IK2R (1556 bp) IGIF/IGIR (1551 bp)

RNRS m RAD2|

intergenic region
repeating sequence bbetween RNRS and
contained region RAD2

I ORF-2

| ORF-1 I

>
HJ1F/HJ1R (773 bp)

L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000

Fig. 1. Schematic illustration of the physical map of the K2 genomic
region of the iridovirus IVS-1 isolate. The K2 genomic region of the
iridovirus IVS-1 isolate is shown as a thick gray box. The position
of the ORF-1, RSCR-K2, RNRS and RADZ? region is shown as a
white box and RSCR-K2, IGR-RR is shown as a black box.

_13_



6. Cloning

PCR products+ GeneAll® Expin'™ Gel SV (GeneAll Biotechnology,
Korea) S A}831e] AAs93, 4% DNAE pGEM®-T Easy Vector
System I (Promega, USA)E AF&-3}o] ligations AlZl £, competent
cell (E. coli DH5a-T1) 100uE H7}ste] dSolA 2087 wH-8-A] 7] a1,
42Coll A 40%3%t heat-shock At vlZ dgol 2~3&%F ¥HE £
SOC (Tryptone 20 g/L, Yeast extract 24 g/L, NaCl 0.5 g/L, 250 mM
KCl 10 mg/L, 10 ml of a sterile solution of 1 M MgCl, 20 m¢ filter
sterile 1 M glucose/L) 8] A-250 b F7Fstar, 377C, 907 A& vl kA
At

vl oF o & X-gal (5+Bromo-4-chloro-3-indolyl-B
-D-galactopyranoside, Sigma, USA) 40 pg/mé3} Ampicillin 50 pg/mé7}
#7149 LB (Luria-Bertani, Difco, USA) 3 3kl R|ef] =&} 37T ol A
24 N3P T m AT shek 3t S el o] FA st A S gl
stal Aoz veltE FEHs A Este] Ampicillin 50 pg/me7t 3 7FE
LB brothell & $,37CelAl 24417+ vl F3}od, GeneAll® Plasmid SV
Mini kit (GeneAll Biotechnology, Korea)E' o]&3ske] plasmidE 3}
ATH.

7. 971 AE ¥4

#3249 plasmid=Z+4-E Big Dye Terminator Cycle DNA Sequencing Kit

- 14 -



(ABI PRISM PE Applied Biosystems, Foster City, CA, USA)S A&
st AYdE A7 <ES 9rgth. MCP gene, ATPase gene, ORF-13}
RSCR-K2 9], IGR-RR F#lol g 2 iridoviruse] A7 <L
MACAW program (Version 2.0.5., National Center for Biotechnology
Information, National Institutes of Health, Bethesda, MD, USA)& A}-&

shol vl matglet.

8. 2} PSS =3 PCR amplicon ¥4

Rock bream (Oplegnathus fasciatus) (b.w. 4.0+1.0 g), Pearl gourami
(Trichogaster leeri) (b:w. 35+1.0g) &2z 107t8g]¥ & tjato =
iridovirus IVS-13} multi, single®] band patterne Ho]+= PGIV-K1 7+
d Hd =2 100 pg/fishel =2 B FASIAH. B &4 439
Aol Zhol7t AR F 5 Hiakole] AT (g)e SAHstL vz Y
ot HAES AEd by v A S ol &st HATA (me)E 5H

I Th Spleen index® oFEje]l 23} o] vl FA (@) oJAF (902
2 U ¥ 1000 wallFol v FAE mg @8 $Absto] &Sk
t}.

4

O

spleen weight (g)

Spleen index = x 1000
hody weight (g)

_15_



9. Real-time PCR

9. 1. Primers

Real-time PCR<S 93+ primer setst MCP (Oshima, 1996) <]l A

IVS-1¥} PGIV-K19] conserved region®ZH-E A%l o™ (Table

3), conventional PCR& ©o]&3 F3igt <A HbgS T3 dxdd

Table 3. Primers used in real-time PCR

. . : Expected
Genomic . Oligonucleotide sequence vp
. Primers ) | size' of Reference
region (5" to-3’ direction) :
amplicons*

MCP RM6F GAAGTGGATGCGCACCTC
163 bp In this study
RM6R CAAGATGATTGGCATGCG

*based on the nucleotide sequence of IVS-1 isolate.

_16_



9. 2. Standard curve

Iridovirus IVS-1 isolate®] genomic DNAZE template® 3d}¢]
RM6F/RM6R primer sets (Table 3)& AF&3}e] PCRS A&+, A
¥ PCR productZ GeneAll® Expin Gel SV kit(GeneAll
Biotechnology, Korea)® agarose gelZ4%-H &3] - JASA T A
DNAE pGEM-T Easy vector (Promega, USA)e°l ligation &t¢] E. coli
DH5a i 5°l cloningA Zt}. Plasmid DNAX GeneAll® Plasmid SV
Mini kit (GeneAll Biotechnology, Korea)® 2]3}%] 1L, real-time PCR
S 93 standard2A AF&3F3 T Plasmid DNAS copy 5 A #3}17]
91&te] Quant-iT™ PicoGreen® dsDNA Reagent and Kits (Invitrogen
Co., Carlshad, CA, USA)E AH&stAdth. L #AAHLS = < U= A
DNAE A 812 3sle] 100, 200, 300~1000. pg/ulell ol =7]7+A] 10 Al
9] sampleg W=, o] AS standard® AFE35F T Sample=Z & A
23k plasmid DNAE A8t oA sl = A DNAS gro = A A
9] standard curveE F#3F th, ©] standard curveol sample?! plasmid
DNA <& diddste Qs Plasmid DNA®S] 2% (pg/ul) 7}
plasmid DNAS] 49| (bp)E w3tel & &AEFS FebF, Zh A7
A FA (660 Dalton)=- U+o} plasmid DNAS] mole = AH=35F
ok 73 mole ol olRIIER F(F 602 % 107)E Fste] sample
¢l plasmid DNA 1 pl % copy T At ogA A=
plasmid DNAE 10'~10° copy/ul= 1/10% 6@AIZ 3438} real-time
PCR A] standard curveE 8=t AF83FA T} plasmid DNAE 2 &3
et A &= 3] A efo] ARSI

- 17 -



9. 3. Real-time PCR& ©]| &% iridovirus®] A#

Iridovirus DNA®l %S 98]  Rotor-Gene'™ 6000 (Corbett
Research, AUS)S AF&3At. 02 mé  microtubeo] S/
SensiMixPlus SYBR (Quantace, USA) 10 sz, 1 pM® ZZt9] primer,
template DNAZ 4] plasmid DNA ®+= FZ% viral nucleic acidsE 3

20

W7 = A 39 th Real-time
PCRY ZAL 95ToA 10& FS-3dk o 95T 10%, 55C 156%, 72T

71ek & PCR € =9 % volume©]

20%9] WSS 1 cycle® 3Fo] 40 cyclesE WHS-AZ T whA 9 cycle ¥
= BE WFSE diste] 72THE 9B5T7HA oA melting

_18_



m. 2 3

1. Bl et Aol &2 F iridoviruse] wHE A

g 24

1. 1. PCR amplification 23
1. 1. 1. &5 #dA £ T iridovirus®] ¥HE A d

2 Ao A AFE3 freshwater ornamental fish iridovirus®] 4714 <
Hla, XS 9&) conventional PCRS 2 Alstsitt. 27 tt2 batchd
pearl gourami 7Trichogaster leeri, dwarf gourami Colisa lalia, silver
gourami  Trichogaster . microlepis, blue gourami - Trichogaster
trichopterus sumatranus®) B & o 25 E E23 DNAZ template®
PCRS ANt IK2F/AK2R™ - primer. -setsES  ARE3le]  PCR
amplifications A A 3S w, RSCR-K2 region®l A amplicon® major
band”} 3ty ©] A9 multi amplicons® YEFH batch®= 113 amplicon
9] major band”’} 3F4<Ql single amplicon®® YERY batch®= AATH
(Fig. 2). Fig. 2¢] (A), 1~8 sampleE< iridovirusel|l A1 7Zdd @4
Hgoj2 B g2 IFEZ 253 vudls o 22 amplicon size

2

U= bands°]l EAdem, M2 & 259 1, 2 25 el AHAE W
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e A3 aF Yol E 257 o] multi major band (MMB)7} 1}
Elu} 2F el ARk s E e Aol ofd o= yERT (Fig. 2(C,
D)). (C), (D)4l Al density7} Al YEFE 600bp A =2 bandE2 H| 5]

el band Atk 28l 7FE thdE amplicon sizeE 7HAE (A)9] 1WH

I

samples TFE sampleE ¢ amplicon sizeE E3Fslal At (Fig. 2).

sample 1~72 %5 multi major band (MMB)Z YEFES ™ sample 8
single major band (SMB)& YeErykth. sample 89 15 W HAES
=48 23 =5 SMBE uEbstth (Fig. 2(E, F)). Lane 12 7} v
3k 7ol band pattern®] WEFE S ™ sequencing A3 ZolE= 1504bp,

1357bp, 1201bp, 1018bp, 862bp= HEFRETH(Fig. 2(A)). Z47+e] Aol & H]

rlo

o #2493 A3} repeating sequence?] addition/deletionel]l w2} Aol A}

-

o] & HTh 1504bpe] Aol= 7H B2 repeating sequenceE X ¥
I 9%l om 862bpis repeating sequence’t 7HE ol deletiontH A
< B

RSCR-K2 #9152 A3t & oA % band patterno] thstA ot
Ely =4 &Lolrr] ¢18 ATPase region, Pstlregion, ORF-1 region,
MCP gene 9 PCR< AAstsitt. 1 A3 (A)FH D)7HA 7+2t
572bp, 908bp, 563bp, 959bpE. single major band”7} 5818} A LFERLE
(Fig. 3).
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Fig. 2. Detection ' of iridovirus® from ornamental fish by PCR' amplification
with IK2F/IK2R primers. Gel electrophoresis (A), (C), (E) and'its diagram of
band pattern (B), «D), (F). are showing variable length of amplicons
produced in PCR specific to ' RSCR-K2 region. (A) Inter~variation appeared
variable length of amplicons including. multi major-bhands and single major
band; (B) Lane 1~5 and 6~8-.werevindividural number.of lane 1 and 2 of
(A), respectively; (C) Lane 1~6 were—individual - number of lane 8 of (A)
single length of amplicon was produced. All of (A) samples were different

batchs. Lanel. pearl gourami(Singapore); 2. pearl gourami(Singapore);
3.pearl gourami(China); 4.pearl gourami(China); 5.silver gourami(Singapore);
6.blue gourami(Singapore); 7. blue gourami(Singapore); &.pearl

gourami(Singapore). All the sample were different batchs, respectively. (C)
and (D) contained single length of amplicon was produced. All of (C)
samples were same batch. Lane 1 to 7, pearl gourami(Singapore); N,
negative control;, M, 100 bp DNA ladder.
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Fig. 3. Detection of iridovirus from ornamental fish by PCR
amplication with other region. (A) ATPase gene, (B) Pst 1 region; (C)
ORF-1 region; (D)~MCP region. All the samples identical with (A) of
Fig. 2. M, 100 bp DNA:- ladder.
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1. 1. 2. 3ol A &3 iridoviruse ¥HE AN &

SIEE:

Ko,
ro

Hiel  7Fo]  freshwater ornamental fishollAl 2] gk
iridovirus®] RSCR-K2 #9& PCR% Z ¥ amplicon®] thgs 4ol
multi major band (MMB)Z 4YEl= S & 5 ATt st
2] 3} iridovirusoll A = ¢ o} o] RSCR-K2 H¢ oA amplicon®] ©t}<F
A WEbb=A] dotr 7] fle) HRE 2o w2 PCRE AAEIHh
IK2F/IK2R primerg AF&3te] AAg Ay} E5F single major band
(SMB)= Rt 3lo] 15U} (Fig. 4). RSCR-K2 #-91& A& ¢ th
& F9olA=E band patterno]l WAl YEU=A Sotr 7] 9]
ATPase region, Pst I region, ORF-1 region, MCP gene, F+#¢ PCR<

AA skt 1 A3 25 single major band®2 818k A LERSE

2
=
2
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500bp

Fig. 4. Single major band was appeared in iridovirus obtained from
naturally infected marine fish in RSCR-K2 region. M, 100 bp DNA
ladder; N, negative control. All-the samples were-taken from different

batches.
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2. §F #AAA EF3 iridoviruse 5F FE YA YeEY
HHE @] AEe TgIdA

i

2. 1. RSCR-K2 region

AT s Aol £l g iridovirus®] L3 Lgal 2% Wl
Alal EAe] ARESE F91= RSCR-K2

2
*

sequencingS M|l #A]35}
F-9 2 Family Iridoviridaedl~ repeating® deletion®] o] &3t}
g Fefelty. Ozt vudd oFe R FE ZHT
iridovirus®] RSCR-K2 #¢9]& sequencingdle] W] sttt (Fig. 5, 6)
Ay A2 g FoA 22 4ol amplicon sizeE HolE HA$E
Qi E Aol amplicon sizeE Holy= ASE Adrt A 7d=
G BAo]ol A B3 iridovirus el RSCR-K2 91 Wl repeating
sequencei= 32, 17, 13 amino acids® Al 7}FA unit®= YElstow, e
Z7bol A Eo] & sample©] B x repeatinge] HIE o zpo]7b gl th
sample 1S 7|F°o2 3 U] repeating sequence”} T &l *] aL m} ol u}
2} A A base paird el 7l @& Hth(Fig. 5). 32, 17 amino acids®, 74 ¢
repeating sequences= 0~200 amino acids A}o]elAIR  repeating 7}
deletion®] WFE% < om o] Als]elA 32 amino- acids: = sample©l
A sy o)A YERyETE 13 amino acidsis repeating sequence©] 71 &}A]
T 2 E sampleol A YEFE S ™ repeating©] & YA EI W3 Sl
STt amplicon length®] pattern< 1504bp, 1357bp, 1201bp, 1045bp,
1018bp, 862bp=  67FAI7F udERtew JHE #E HETE AASE
amplicon sizex= 1018bpel Aoz e 1018bp amplicon size:

mandarin fishollAq 2A¥ ISKNVe 2 Aoz yelytth(Fig. 6). L
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5 WolA 74 thed band patterng Kol fig. 29 (A), lane 19
amplicong ©]§3}] sequencingS Wi, #A3tth 1~5 Wo] o]
a9 5 = sequence AFtolm 1o A repeating 97} WA Wl B

deletion -¢]o|t} (Fig. 5).
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EEEEEEEE repeated 32AA
zd repeated 17TAA
[0 repeated 13AA

1 3 ) 1 ]

| e —— — — 0 I [T )

Pearl gourami (=== 0 [ [ )

(Singapore) | 4 oy 0 o o m—— ; [ [ )

5 o O oo O 0 [ I )

Pearl gourami 6 7 7] YR [ H [ ]

(Singapore) L_ 7 — 70 O o moo ] [ I [T ]

Pearl gourami O o ] [ 0 0 )

T e . == .

. —10 = 2] [ 1 1 ]

(China 2) -

—11 7 7 WY [ [T ) ]
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3C—mm O =7 Do L I I )

4w O = o o 0 [ il )
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o0 O = o o 0 I [ )
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ISKNV —24 ST B o C— 0 = i, ]

T T 0 Y A 0 1 O A 1 A A A
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Fig. 5. Schematic presentation of sequence in RSCR-K2 region of freshwater
ornamental fish iridovirus  detected by IK2F/AK2R. variable length of
RSCR-K2 region /appeared in infection by a single iridovirus strain. The
length of repeating regions that 32, 17, 13 amino acids respectively. Lane 1~
5. 5 amplicons produced in PCR with the DNA template obtained from a
single pearl gourami(Singapore) infected by iridoviruses; 6~7. 2 amplicons
produced in PCR with ‘the DNA template obtained from a single pearl
gourami(Singapore), infected by iridoviruses; 8~9. 2 amplicons produced in
PCR with the DNA"template obtained from a single pearl gourami(China 1)
infected by iridoviruses; 10. -1 -amplicon produced in PCR  with’the DNA
template obtained from*. a‘ “single- pearl gourami(Chind 2)- infected by
iridoviruses; 11~14. 4 amplicens produced in PCR with .the DNA template
obtained from a single silver gourami(Singapore)-infected by iridoviruses; 1
5~17. 3 amplicons produced in PCR with the DNA template obtained from a
single blue gourami(Singapore) infected by iridoviruses; 18~20. 3 amplicons
produced in PCR with the DNA template obtained from a single pearl
gourami(Singapore) infected by iridoviruses; 21~23. 3 amplicons produced in
PCR with the DNA template obtained from a single dwarf
gourami(Singapore) infected by iridoviurses; 24. Sequence of RSCR-K2
region in ISKNV.
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Table 4. Comparison of multi amplicons size

naturally infected ornamental fish

inter and intra

fish ; ) amplicon length of infected fish III(:)tj)lf
number ish species
1504bp 1357bp 1201bp 1018bp 862bp | amplicon

1 pearl gourami + + + + + 5

2 pearl gourami + + + - - 3

3 pearl gourami - + - + + 3

4 pearl gourami - + - + - 2

5 silver gourami - + + + - 3

6 blue gourami - - + + + 3

7 blue gourami - - + + + 3

8 pearl gourami = - + & - 2
total No.of amplicon 2 5 6 7 4
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2. 2. IGR-RR region
kAl 3k Ao A AFdH TG4 dAojolA EE 3 iridovirusd

1S gHelsldth. B AFo| A= Fig. 29 sampleE & RSCR-K2 region
2] intergenic region?] IGR-RR regions ZAF3Fth IGR-RR region
2 RNRS region¥} RAD2 A}ole] <1+ intergenic region® = o] HF-¢
S A] repeating o] Wol] dojudrty <A Jd= F = RSCR-K2
919k Blatel repeating Aol o9A LEbA=A AN RT] s A
35 vk IGIF/IGIR primers ©]&3] PCR¥ A3 RSCR-K2
region¥+= €], 1F7rel & amplicon® Zo]7} &k yariation®] S+
Aoz YeldAw 25 oA multi major band?Z} ¢} single
major band® WEF} variationo] fl& A 2& vrebyktl (Fig. 6). Silver
gourami®| intergenic region & ©]li= 447bp, pearl gourami (Singapore)
< 452bp, pearl gourami (China 1)+ 451bp, pearl gourami (China 2)&
452bp= Y EFWETE Repeating sequence 8 RSCR-K2 F-9]°] Zole}
Hluw g & of dol7t e Ao Zutebgeh 7P &2 repeating unit o
2+ ACAGGCCT ¢} "GACGCGE] base pair® 74 % unito = e
(Fig. 7). 7}& 71 repeating unito-%= = silver. gourami= 49bp, pearl
gourami (Singapore) 44bp, pearl gourmi (China 1) 80bp, pearl gourami
(China 2) 51bp® YEFETE (Table 5).

H

A Ad® sfakoiol A 2% iridovirus?] IGR-RR region
Aol iridovirus®t 2L AFS Holex 3Helstr] s A3 A
2ol iridoviruss B #o] iridoviruset @8 I1FlE RF

21019 amplicon® = YEon 18 YodAE 9E #3go]

i
o

o

rlo
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iridovirus®} #Z¢] E%F single major bandZ #<2 Z¥3E EYIu (Fig.

8).
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Fig. 6. Repeat sequence of IGR-RR region with iridovirus in naturally
infected freshwater ornamental fish appeared single amplicon. Each
sample in lane 1~8 is corresponding to that of Fig. 2(A)- M, 100 bp

DNA ladder; N, negative control.
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RNRS gene (939 bp) ORF-26 RAD?2 gene (897 bp)
% — < ,
T T T T T T T T T T T T T T 1
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2500 2600 2677bp
«SGIV TAAGACACATGTACATAATGTGTGACCACAGACGACGACGCBCACCAGCG TACCACAGBCCTGACGTGTACCACABGCCTGACABGOCTGACACGCACGA 100
CGCBCACCACAGGCCTGACABGCCTGACGCRCACRACGCCACCACAGBCC TGACGCGCACGACGUGTACCACABGCCTGACAGRCCTBACGCACACCAG. 200
ACAGGCCT > 19 AGGCCTGAGACGCACGACGCGCACCACAGGCCTGACGT GTACCACAGGCCTGACGCGCACCACAGGCCT GACAGGCCTGACGCGCACGACGCGTACCACA 300
GACGCG x 13 GGCCTGACRCACACCACABGCCTGACAGBCCTGACGOGCACCACAGGOCTGACAGRCCTGACACGCACRACACGTACCACAGBCCTGACACGCATCATAC 400
AATAACCACATAACATGTGCTTGAGTATAATACATATTTATTGTTGG 447
PGV TAAGACACATGTACATAATGTGTGACCACAGACGACGACGCRCACCACABGOCTGGCACCACAGGCCTGACAGGCCTGACGOSCACGACOCGTACCACAG 100
GOCTGACOCGCACCACAGBCCTBACGCLACCACAGGCCTGACBCACACCACAGGCC TGACAGGCCTBACACBCACGACGOGTACCACAGACCTGACRO 200
ACAGGCCT x 18 | CACCACAGOCCTGACACGCACGACGCGTACCACAGGCCTGACACGCACGACBCGCACCACAGBCCTGACGORCACGACGOGTACCACAGGCCTGACSTET 300
GACGCG x 12 ACCACAGGCCTGACAGBCCTGACACGCACGACRUGCACCACAGBCCTGACAGGCCTGACGCACACCACAGGCCTGACATGTACCACAGRCCGACACGCAT 400
CATACAATAACCACATMCATGTGCTTGAGTATATACATATTTATTGITGC 452
. TAAGACAGATGTACATAATGTGTGACCACAGACGACGACGCRCACCACCACAGCCTGACATCACBACOCGTACCACAGGOCTGACGOBCACCACAGEE 100
*PGIV—china 1 | CTGACAGGCCTGACGOGTACCACAGBCCTGACGORCACCACAGGCC TGACAGBCCTGACGUGCACCACAGRCCTGACAGGOCTBACACBCACGACCGTA 200
ACAGGCCT x 19 | CCACAGOCCTGACACGCACGACBCGCACCACAGBCCTGACAGGCCTGACO0GCACGACOCACACCACAGBCCTBACGORCACBACGCGTACCACAGBCCT | 300
GACGCE X 16 GACAGGOCTGACACRCACGACGOGCACCACAGGCCTGACABBCCTBACGURCACBACGCRCACCACAGGCCTRACBCGCACCACABBCCTBAGACGCATC 400
ATACAATAACCACATAACATGTGCTTGAGTATAATACATATTTATTGTTGC 451
. TAAGACAGATGTACATAATGTGTGACCAGCACGACGCGTACCACABOCCTGACGOBCACCACAGGO TGACAGGOBTGACGCTACCACAGBCCTGACL 100
*PGIV-china 2 | GCACCACAGBCCTGACABBOCTGACBO0CACCACAGACCTGACAGOCCTGACACSCACGACGOGTACCACAGGOCTGACACGCACGACGUGCACCACAGS 200
AGAGGOCT x20 | (CCTGACAGOCCTGACCGCACACROGCACCACAGGCCTGACGORCACBACGCTACCACAGRCCTEACTGTACCACAGBCCTGACAGGCCTBACACEE 300
GACRCG x 13 ACGACGOGCACCACABGOCTGACABBCTGACGCACACCACAGBCCTGACACACACGACBOGCACCACABGOCTBACGTGTACCACAGGCCTGACAGCAT 400
i CATACAATAACCACATMCATGTGCTTGAGTATATACATATTTATTGITGC 452

Fig. 7. Nucleotide sequence of the IGR-RR region in the genome of
the naturally infected ornamental fish iridoviruses. Each samples (A),

(B), (C), (D) are corresponding to those of lane 5, 1, 3, 4 of Fig. 6.
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Table 5. Direct(>12bp) repeating sequences of the IGR-RR DNA region in

the genome of naturally infected ornamental fish.

(A)

Number

subsequence of Length Position in IRN region
(5'to 3'in IRN region) repeats (nucleotides) 1 2 3 4 5 6

izé(é(ééiéGGCCTGACGCGCACCACAGGCCTGACAGGCCTG 2 49 230287 293.341

SSCGCGCACCACAGGCCTGACAGGCCTGACGCGCACGACG P 0 99140 252293

ACAGGCCTGACACGCACGACGCGCACCACAGGCCTGAC 2 38 82-119 199-236

ACAGGCCTGACGCGCACCACAGGCCTGACAGGCCTGAC 3 38 244-281 298-335 325-362

ACAGGCCTGACGCGCACGACGCGTACCACAGGCCTGAC 2 38 145-182 271-308

GACGCGCACCACAGGCCTGACAGGCCTGACGCGCAC 2 36 99-134 306-341

ACCACAGGCCTGACAGGCCTGACACGCACGACGCG 2 35 70-104 340-374

ACCACAGGCCTGACGTGTACCACAGGCCTGAC 2 32 52-83 223-254

GACGCGCACCACAGGCCTGACAGGCCTGAC 2 30 99-128 333-362

CGCACGACGCGTACCACAGGCCTGACA 2 27 157-183 364-390

CGCACGACGCGCACCACAGGCCTGAC 2 26 94-119 130-155

CGCACGACGCGTACCACAGGCCTGAC 2 26 283-308 364-389

ACCACAGGCCTGACAGGCCTGACGC 4 25 106-130 169-193 259-283 313-337

GTACCACAGGCCTGACAGGCCTGAC 2 25 68-92 167-191

ACCACAGGCCTGACAGGCCTGAC 6 23 70-92 106-128 169-191 259-281 313-335 340-362

ACAGGCCTGACGCGCACGACGCG 2 23 118-140 145-167

ACAGGCCTGACACGCACGACGCG 2 23 199-221 352-374

GACGCGCACCACAGGCCTGAC 5 21 135-155 216-236 252-272 306-326 333-353

ACCACAGGCCTGACGCGCAC 3 20 142-161 241-260 295-314

ACCACAGGCCTGACACGCA 2 19 196-214 376-394

GCGTACCACAGGCCTGACG 2] 19 48-66, 291-309

GCGTACCACAGGCCTGAC P 18 48-65 165-182 372-389

GTACCACAGGCCTGACG 2 17 50-66 239-255

GTACCACAGGCCTGACA 2 17 68-84 374-390

ACAGGCCTGACGCGCAC 6 17 118-134 145-161 244-260 271-287 298-314 325-341

ACAGGCCTGACACGCA B 16 8297 352-367 379-394

CACCACAGGCCTGACA 5 16 105-120 195-210 258-273 312-327 339-354

ACCACAGGCCTGACG 4 15 52-66 142-156 223-237 295-309

ACCACAGGCCTGACA 9 15 70-84 106-120 169-183 196-210 223-236 259-273
313-327 340-354 376-390.

CACCACAGGCCTGAC 3 15 141-155 195-209 222-236

ACCACAGGCCTGAC 13 14 52-65 70-83 106-119 142-155 169-182 196-209
223-236 259-272 241-254 295-308 313-326 340-353
376-389

ACGACGCGCACCA 4 13 35-47 97-109 133-145 214-226

ACAGGCCTGACGC 4 13 145-157 181-193 244-256 298-310

Silver gourami of lane 5 of Fig. 2(A)
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(B)

subsequence N“:‘fb" Length Position in IRN region
(5't0 3'in IRN region) repeats  (nucleotides) 1 2 3 4 5 6

CGCACGACGCGTACCACAGGCCTGACGCGCACCACAG

GCCTGAC 2 44 82-125 172-215

gCAGGCCTGACGCGCACGACGCGTACCACAGGCCTGAC 2 39 70-108 259.297

ACAGGCCTGACACGCACGACGCGTACCACAGGCCTGAC 2 38 160-197 205-242

éCAGGCCTGACACGCACGACGCGCACCACAGGCCTGA 2 38 232-269 313-350

ACCACAGGCCTGACAGGCCTGACACGCACGACGCG 2 35 148-182 301-335

ACCACAGGCCTGACGCGCACCACAGGCCTGACGC 2 34 94-127 112-145

ACCACAGGCCTGACGCGCACCACAGGCCTGAC 2 32 112-143 184-215

ACAGGCCTGACGCACACCACAGGCCTGACA 2 30 133-162 349-378

GCACCACAGGCCTGACAGGCCTGACGC 2 27 56-82 335-361

GACGCGCACCACAGGCCTGACGCGCAC 2 27 105-131 249-275

CGCACGACGCGTACCACAGGCCTGACG 2 27 172-198 271-297

CGCACGACGCGTACCACAGGCCTGAC 3 26 82-107 217-242 271-296

ACCACAGGCCTGACACGCACGACGCG 2 26 202-227 229-254

CACCACAGGCCTGACAGGCCTGAC 3 24 57-80 147-170 336-359

ACCACAGGCCTGACAGGCCTGAC 3 23 58-80 301-323 337-359

GACGCGCACCACAGGCCTGACGC 2 23 123-145 249-271

ACAGGCCTGACACGCACGACGCG 4 23 160-182 205-227 232-254 313-335

GACGCGCACCACAGGCCTGACA 2 22 195-216 330-351

ACGACGCGCACCACAGGCCTG 3 21 35-55 247-267 328-348

GACGCGCACCACAGGCCTGAC 5 21 105-125 123-143 195-215 249-269 330-350

GTACCACAGGCCTGACACGCA 3 21 227-247 380-400

ACCACAGGCCTGACGCGCAC 3 20 94-113 184-203 256-275

GACGCGCACCACAGGCCTG 4 19 37-55 105-123 123-141 195-213

ACCACAGGCCTGACACGCA 2 19 202-220 382-400

TGTACCACAGGCCTGACA 2 18 298-315 379-396

GCACCACAGGCCTGACA 2 17 56-72 200-216

ACAGGCCTGACGCGCAC 4 17 70-86 97-113 115-131 187-203

GTACCACAGGCCTGACA 2 17 227-243 299-315

GCACCACAGGCCTGAC 4 16 56-71 110-125 128-143 254-269

CACCACAGGCCTGACA 5 16 57-712 147-162 201-216 363-378 336-351

GTACCACAGGCCTGAC 5 16 92-107 182-197 281-296 299-314 380-395

ACCACAGGCCTGACGC 3 16 94-109 130-145 184-199

ACAGGCCTGACACGCA 3 16 160-175 385-400 313-328

ACCACAGGCCTGACA 8 15 58-72 148-162 202-216 229-243 301-315
337-351 364-378 382-396

CACCACAGGCCTGAC 5 15 111-125 147-161 129-143 255-269 363-377

ACCACAGGCCTGACG 4 15 112-126 130-144 256-270 283-297

GCACCACAGGCCTG 2 14 42-55 56-69

ACCACAGGCCTGAC 14 14 58-71 94-107 112-125 130-143 148-161 184-197
202-215 229-242 256-269 283-296 301-314 337-350
364-377 382-395

CACCACAGGCCTG 3 13 43-55 147-159 363-375

ACAGGCCTGACGC 7 13 70-82 97-109 115-127 133-145 187-199 259-271

349-361

Pear]l gourami(Singapore) of lane 1 of Fig. 2(A)
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(@)

subsequence Number of Length Position in IRN region
(5'to 3'in IRN region) repeats (nucleotides) 1 2 3 4 5 6

ACAGGCCTGACACGCACGACGCGCACCACAGGCCTGAC

AGGCCTGACGCGCACGACGCGCACCACAGGCCTGACG 2 80 203-282 302-381

CGCAC

GACGCGTACCACAGGCCTGACGCGCACCACAGGCCTG

ACAGGCCTGACGC 2 51 67-117 112-162

ACAGGCCTGACGCGCACCACAGGCCTGACAGGCCTGAC 3 38 77-114 122-159 149-186

GACGCGCACCACAGGCCTGACAGGCCTGACGCGCAC 3 36 130-165 220-255 319-354

ACCACAGGCCTGACAGGCCTGACACGCACGACGCG 2 35 164-198 290-324

ACCACAGGCCTGACGCGCACCACAGGCCTGACA 3 33 74-106 119-151 362-394

GACGCGCACCACAGGCCTGACAGGCCTGACGCG 3 33 85-117 220-252 319-351

ACAGGCCTGACGCGCACCACAGGCCTGACA 2 30 149-178 365-394

GACGCGCACCACAGGCCTGACAGGCCTGAC 3 30 157-186 220-249 319-348

CGCACGACGCGTACCACAGGCCTGACA 2 27 188-214 278-304

CGCACGACGCGCACCACAGGCCTGAC 4 26 215-240 251-276 314-339 350-375

GCACGACGCGTACCACAGGCCTGAC 3 25 63-87 189-213 279-303

ACCACAGGCCTGACAGGCCTGAC 4 23 92-114 137-159 290-312 326-348

ACAGGCCTGACACGCACGACGCG 2 23 176-198 203-225

ACAGGCCTGACGCGCACGACGCG 3 23 239-261 266-288 338-360

GACGCGCACCACAGGCCTGACA 3 22 220-241 373-394 319-340

GACGCGCACCACAGGCCTGAC 6 21 85-105 130-150 157-177 256-276 355-375 373-393

GACGCGTACCACAGGCCTGAC 3 21 112-132 193-213 283-303

ACCACAGGCCTGACGCGCAC 3 20 74-93 263-282 119-138

ACCACAGGCCTGACACGCA 2 19 200-218 380-398

ACAGGCCTGACGCGCAC 8 17 77-93 122-138 149-165 239-255 266-282 365-381
338-354

CACCACAGGCCTGACA 7 16 46-61 91-106 136-151 163-178 226-241 325-340
379-394

ACAGGCCTGACACGCA 3 16 176-191 383-398 302-317

CACCACAGGCCTGAC 3 15 46-60 262-276 361-375

ACCACAGGCCTGACA 8 15 47-61 92-106 137-151 164-178 200-214 290-304
326-340 380-394

ACGACGCGCACCAC 5 14 3548 218-231 254-267 317-330 353-366

ACCACAGGCCTGAC 13 14 47-60 74-87 92-105 119-132 137-150 164-177
200-213 227-240 263-276 290-303 326-339 362-375
380-393

ACAGGCCTGACGCG 5 14 77-90 104-117 122-135 266-279 365-378

Pearl gourami(China 1) of lane 3 of Fig. 2(A)
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(D)

subsequence Number of Length Position in IRN region
(5'to 3'in IRN region) repeats (nucleotides) 1 2 3 4 5 6

GACGCGTACCACAGGCCTGACGCGCACCACAGGCCTG

ACAGGCCTGACGC 2 51 33-83 78-128

ACAGGCCTGACACGCACGACGCGCACCACAGGCCTGA

CAGGCCTGACGC 2 49 169-217 286-334

ACAGGCCTGACGCGCACCACAGGCCTGACAGGCCTGAC 3 38 43-80 88-125 115-152

GACGCGCACCACAGGCCTGACAGGCCTGACGCGCAC 2 36 96-131 186-221

ACCACAGGCCTGACAGGCCTGACACGCACGACGCG 2 35 130-164 274-308

GACGCGCACCACAGGCCTGACAGGCCTGACGCG 2 33 51-83 186-218

ACCACAGGCCTGACGTGTACCACAGGCCTGACA 2 33 256-288 364-396

GACGCGCACCACAGGCCTGACAGGCCTGACGC 3 32 51-82 96-127 303-334

GACGCGCACCACAGGCCTGACAGGCCTGAC 3 30 123-152 186-215 303-332

GCACGACGCGTACCACAGGCCTGACG 2 26 29-54 245270

CGCACGACGCGTACCACAGGCCTGAC 2 26 154-179 244-269

CGCACGACGCGCACCACAGGCCTGAC 3 26 181-206 217-242 298-323

GCACGACGCGTACCACAGGCCTGAC 2 25 29-53 155-179

CACGACGCGCACCACAGGCCTGACG 2 25 219-243 354-378

CACGACGCGCACCACAGGCCTGAC 3 24 183-206 354-377 300-323

ACCACAGGCCTGACAGGCCTGAC 5 23 58-80 103-125 193-215 274-296 310-332

ACAGGCCTGACACGCACGACGCG 2 23 142-164 169-191

ACAGGCCTGACGCGCACGACGCG 2 23 205-227 232-254

GACGCGTACCACAGGCCTGACG 2 22 7899 249-270

GACGCGCACCACAGGCCTGAC L 21 51-71 96-116 123-143 222-242 357-377

GACGCGTACCACAGGCCTGAC 2 21 78-98 159-179

GTACCACAGGCCTGACACGCA 2 21 164-184 380-400

ACCACAGGCCTGACGCGCAC 3 20 40-59 85-104 229-248

ACAGGCCTGACGCGCAC of 17 43-59 88-104 115-131 164-180 205-221 232-248

GTACCACAGGCCTGACA 1 17 272-288

GTACCACAGGCCTGAC 5 16 38-53 83-98 254-269 272-287 380-395

CACCACAGGCCTGACA 6 16 57-72 102-117 129-144 192-207 309-324 336-351

ACAGGCCTGACACGCA 3 16 142-157 286-301 385-400

ACCACAGGCCTGACAC 3 16 166-181 337-352 382-397

ACCACAGGCCTGACG St 15 40-54 85-99 229-243 256-270. 364-378

ACCACAGGCCTGACA 9 15 58-72. 103-117. 130-144 166-180 193-207 274-288
310-324 337-351 382-396

CACCACAGGCCTGAC 3 15 228-242 336-350 363-377

ACCACAGGCCTGAC 14 14 40-53 58-71 103-116 130-143 193-206 310-323
337-350 85-98 256-269 166-179 229-242 364-377
274-287 382-395

ACAGGCCTGACGCG 4 14 43-56 70-83 88-101 232-245

ACAGGCCTGACGC 4 13 43-55 88-100 232-244 322-334

Pearl gourami(China 2) of lane 4 of Fig. 2(A)
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Fig. 8. Repeat sequence of IGR-RR region with iridovirus in naturally
infected marine fish appeared single amplicon. Each sample in lane
1~3 is corresponding to that of Fig. 4. M, 1.0 kb DNA ladder. N,

negative control.
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3. A2 & F9 iridovirusE ZAIAZES W yEgY

= repeating sequenced &4

3. 1. 95 A9 pearl gouramidlA EZ3F iridovirusg

rock bream Zgd] WE wrE g W3 B4

A @5 Bdo]] spleen 248 T4 2o
AbEERATE A A" '@ Bde] Sl 7HE thERE multi major
bandE YEW = Fig. 2 (A) 1¥ sample¥ single amplicon pattern<
Ueldl= (E)9] 19 samplex 34 23 A3t th Rock bream¥}
pearl gourami®l| Z}Z+ challengedl®] band patterns H.kt} (Fig. 9). 1
A3} multi major bandE & 489S W rock bream¥ pearl gourami
5o A multi major band7} WEFY S ™, single major band= YERY
= virusE FZ459 S WolE band pattern @/de] = A=
A, B, C, D 282 HAAISELS BT 100% 2 e #HAFE 0] 100% =
UElt rock bream¥ pearl gourami® band patterns R &4 3%
sample®] original® #2< pattern® 2 Ut (Fig. 9. 2 A3 oA =

passageE 71 A% multi major-band pattern Aol A E =% dolr

a9

7] #1381 rock breamell passage® 71X 4 AddS Fa A
site]l 1FolA band patterno] Z7b thE A 4
breamol] &ZA3 A J4A W 3vtg] 25 &A% sampled} Z-& band

patternS Hg o HASES 100%9 Tt (Fig. 10-1). t& 189

N
rfo

F sample2 rock

sample’= ©] 9} & A3E Ho|=4 rock breamol A AAHAS &)
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7F4 kgt Zolo] band patterneS Hol: 2 sampleg T WA
passage &2 Adol| ALE F WA passage®] 49 samples Al WA
passageo] AF&3e], & Al WY passageE: A ¥4 AIS At
2 A3 A WA passagedl A= band pattern©] thFsEA e ou
HA Al HA passageo] A= band pattern dAte] I 2 F4 HE A
skelst 4= At (Fig. 10-2). A WA passageol A2 HAAE 2 60%
2 vehyon T Haet A WA passaged HAIES T 100%= 4}
Eb ek

o
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2 G
)

M i

Fig. 9. Pattern of RSCR-K2 region variation after in vivo passage in
rock bream and pearl gourami.-Lane 1, 2; PGIVs. obtained from pearl
gourami in natural condition as shown in the lanes 1 of Fig. 2(A),
and 1 of Fig. 2(C). (A) and (B); PGIV DNA obtained from rock
bream and pearl gourami respectively after challenging with PGIV of
lane 1. (C) and (D); PGIVI DNA obtained from rock bream and pearl
gourami respectively after challenging with PGIV of lane 2. M, 100

bp DNA ladder.
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Fig. 10-1. Band pattern of passaged samples in rock bream. (A);
PGIVs obtained from- pearl gourami in natural condition in single
batch. (B); Lane 1 of (A) challenged in vivo first passage in rock
bream. (C); Lane 2 of (A) challenged in vivo first passage in rock

bream. M, 100 bp DNA ladder.
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—)

Fig. 10-2. Band pattern of passaged samples in rock bream. (A) is
first passaged sample, (B) is second passaged samplée and (C) is third
passaged sample. Lane 1 of (A), (B) and (C)-is challenging sample
used passage and number is individual number. M, 100 bp DNA
ladder.
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3. 2. A4 QA rock breamolA] E&3F iridovirus® pearl

gourami Z g W& BE g W3l 24

A Ao A Hg #AAJolo] A H iridovirusE ZHZb s4ke] <l rock
bream¥} pearl gouramidl HAAIAS W thgFst dole] amplicons &
AstATt B AFoME sito]od] A FAE iridovirus IVS-1D)E
rock bream®¥ pearl gouramio] FZA3}UE o= tTjFd Zo]
amplicon®] YWetW=A Qs ®okrh oFA & A3 o] RSCR-K2
F-91E detectiondt A3 sjtool A= @ Bl iridoviruséte THE

A dAs 2ol single amplicong 4331 th (Fig. 11).
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Fig. 11. Amplicon of single length appeared in IVS. Lane 1, 2 IVS
obtained from rock bream in _natural condition. and used challenge
experiment. (A), IVS -obtained from rock bream was used to
challenge experiment to rock bream. (B), IVS obtained from rock

bream was used to challenge .experiment to pearl gourami. M, 100 bp

DNA ladder.
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Table 6. Nucleoeide length and band number of cross infected rock

bream and pearl gourami (refered to Fig. 10-2, 11-1).

. appeared band variation of
amplicon type of N
fish species type passage mortality amplicon
challenged iridovirus in dead fish individual dead fish
PGIV multi multi original 40% variable
1st passage 60% same with original
rock bream 2nd passage 100% same with original
(Oplegnathus fasciatus) 3rd passage 100% same with original
PGIV single 1 single 1st passage 100% same with original
PGIV single 2 single 1st passage 100% same with original
PGIV single 3 single 1st passage 100% same with original
IVS-1 single 1st passage 100% same with original
PGIV multi multi original 40% variable
1st passage 100% same with original
pearl gourami
(Trichogaster leeri)
PGIV single 1 single 1st passage 100% same with original
PGIV single 2 single 1st passage 100% same with original
PGIV single 3 single 1st passage 100% same with original
IvVS-1 single 1st passage 100% same with original
Multi, single 1, single 2, single 3 showed amplicons of (1504bp,
1357bp, 1201bp, 1018bp, 862bp), (1357bp), (1201bp), (1018bp)
respectively.
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Single 1 Single 2 Single 3

Fig. 11-1. Amplicon of single major band appeared in PGIVs. Lane 1,
4, 7 of PGIVs obtained from pearl gourami in natural condition and
used challenge experiment.~Lane 2, 3, 5, 6, 8 -9 are challenged
individual dead fish of single 1, single 2, single 3 respectively. M, 100
bp DNA ladder.
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4. Iridovirus® ®H YA I repeating sequenced ©Y
A Alolg #A

4. 1. Repeating sequence?] T%A I} HALE Alo]9] #A

UM A3 wpel o] [VS-13 PGIVE 24 AdS T3] axk 7y
o A1 2] rock bream¥} pearl gourami® HAFES W3R L, PGIV &2
28 ol A multi band®} single band¢le] WYX =ol& sty
3 HAIES Huskdth. 2 A3 IVSolA+= rock bream®] pearl
gourami®Ztt A =2 HAES Hgor PGIVI A+ multi band
pattern®| single band patternE .t} &2 HAISS HAG. IVS-19] &4
Ad A3} rock bream 100%, pearl gourami 60%2] F% FHAIES B
t}. PGIV multi band+ rock bream¥} pearl gourami =4 100% <]
T4 HAFES BEoew PGIV single band: rock breamoll A 70%,
pear] gourami®l A 89%¢2] HALSS H v} (Fig. 12).

IVS-1& rock breamel  ZHAAIH S wf o= 124 A5 #HAZF Lot
7] AlAFeko] ZH $ 1344 100% #AFSESL AL, pearl gouramiel 7 Al

= Wele 59AFH 169 72k 60% 8. w4 FHARE S e
(Fig. 12A).

PGIV multi ampliconS rock breamo] ZAAZAS wjo]:= 88U & H-E
HA7E dojur] Al ZFEEe] 1394 100% #HAFEFA AL, pearl gouramioll
dANAL Wl 44AFE HAZE dojut 5UA 100% FHAFSFA T

PGIV single amplicong rock breamod] ZAAIAS wol= 10U A HH
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HAZE doju 2194 70% HAFSFRA AL, pearl gouramidl THAAIHS o
= 44 ARE HAE doju 544 89%2 +37 HALES YEUATH
(Fig. 12B,C). &4 #23t iridovirus® amplicon band pattern< Z+
sample 25 & FA}3 sample®t dAE A UEUE ASE 2 4+ 9

o} (Fig. 13).

>
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Fig. 12. Cumulative mortality (%) of. rock bream (Oplegnathus
fasciatus) and pearl gourami (Trichogaster leeri) challenged with
iridovirus IVS-1 'or PGIV, respeetively. (A). 1IVS-1, (B). PGIV multi
type and (C). PGIV single type challenged.
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Fig. 13. Each sample in (A), (B), (C) are corresponding to that of

(A), (B), (C) of Fig. 12, respectively.-Lane 1 of (A), (B), (C) used

challenge experiment and-2~4 samples are individual dead fish.
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4. 2. Iridovirus A #F S ¢ ¥ standard curve A3t

Iridovirus gene®] ¥3t5 o] 9= plasmid DNAZ 15 x 10° copies/ul
RE 15 x 10" copies/uell ©l27174A 1/10% 5@AR 34 8ol
real-time PCRS 2 A]slo] Fig. 137 #2 standard curveE -3}t
I Ay, 7} plasmid DNA®] copy ¢t threshold cycle (Cr) &k Alolel

s

o ABBAES BHIorm (P = 099), standard curve? 7|&7]%
-2.938% el At (Fig. 13). negative control productE Al )4
ottt oo o] AL iridovirus A HF A4S 93 standard curve® AF&

3Rt} (Fig. 14).
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(A)

B B 000000 000 N
() = P2=0995 |-
: M=-2.938 o
R Efficiency=1.19 |-~
: ! 10 1
Fig. 14. (A) Amplification- plot~of real-time PCR of the positive

plasmid DNA with different copy number. Lane 1-5,  with
serially—diluted plasmid DNA prepared from 15 x 10° to 1.5 x 10
copies/ul; ntc, no template control. (B) Standard curve showing a
linear relationship between positive plasmid concentration and cycle

threshold number.
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4. 3. Repeating sequenced T ¥4I viral copy F Ahol9
A

multi band pattern® single band pattern®] 7+ A3 Ay 71E =&
HAFES YEFH juvenile rock breamS W o2 7Fgo]o] 2 A4
viral copy & A@stazt A IVS-12 79 A7l moribund “ El
9] rock bream (Oplegnathus fasciatus) (b.w. 11.0£3.0 g) 7§A] 3v}g]

o] M %22 1 mgoeZXE AccuPrep® Genomic DNA Extraction Kit

(K-3032, Bioneer)E ©]&, viral DNAZS #2311, PCR amplification
3t

2 AAste] FUgS ST FA

a9

S-S 18 viral NAd] o
3ol real-time PCRS& AAlske] wviral copy & Tttt 1 23
multi major band”} single major band®l ®| &} 3 viral copy 7} 10
vl A= E=dvh (Fig: 15).

MMB<} SMB2] viral copy, +2F #HALS #AS S u HAEo] =
O 3|A] viral copyT7t = AL oty mEkA HALE-3  viral
copyTE A AHBAT e AR ERT (Table 7).
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Fig. 15. Comparison of-viral copy numbers with PGIVs-for different

batchs in rock bream. (A), multi amplicons appeared each other

groups; (B), single amplicons .appeared each other groups.
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Table 7. Relation of between viral copy number and mortality

fish type No.of fish  CopyNo./uf  spleenindex  Cumulative mortality  average of copy No.

1 6.48E+00 2.62

groupl rock bream multi 60% 6.91E+00
2 7.34E+00 3.53
1 8.78E+00 5.02

group2 rock bream multi 100% 8.25E+00
2 7.72E+00 23
1 8.16E+00 1.51
2 8.40E+00 1.42

group3 rock bream multi 3 8.57E+00 13 100% 8.41E+00
4 8.68E+00 4.46
5 8.26E+00 3.5
1 5.22E+00 4.00
2 6.41E+00 4.50
3 5.88E+00 2.70

group4 rock bream multi 4 5.72E+00 2.50 100% 6.00E+00
5 5.98E+00 2.50
6 6.68E+00 3.20
7 6.08E+00 3.60
1 8.99E+00 4.26

groupl rock bream single 100% 8.81E+00
2 8.64E+00 2.10
1 8.04E+00 2.74
2 7.55E+00 1.62
3 7.50E+00 1.10

group2 rock bream single 4 7.19E+00 3.55 100% 5.66E+00
5 7.74E+00 1.94
6 6.85E+00 1.32
7 7.21E+00 1.96
1 6.61E+00 1.07
2 7.04E+00 2.86
3 4.70E+00 1.28

group3 rock bream single 4 4:66E+00 0.92 100% 5.66E+00
5 5.67E+00 3.62
6 4.87E+00 1.79
7 6.10E+00 3.23
1 6.61E+00 2.6
2 7.04E+00 13
3 4.70E+00 15

group4 rock bream single 4 4.66E+00 13 100% 5.66E+00
5 5.67E+00 1.6
6 4.87E+00 26
7 6.10E+00 26
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A2 TG BFo]ol A ISKNV-like virus7F w&8ld o] ¢ @4 3o

& iridovirus ATl g A7F @e] o] FojAa gt} Hol
9] iridoviruses= 34to] o] A9 Wiz R @& dold JHE F
= Ao d#A Jal o] AL T iridovirus ATl doiA FaT
strain® @ Al ¥t} (Sudthongkong et al., 2001, He et al., Paperna et
al., 2002). 3 o]2]dt w yAFoj o] ool FIbSel whet wearolst
s ako] Abolel izl zhedol wigk @A = Fzbsta vk dAA ohgFe
339 iridovirus7t WAE 2 dar, G BAAO] dridovirusol] thdk 9 &

qE FAs%aE oA

=4
f o
By
uls
N
1o
o
i
2
N
N
52
ki
%0
i)
ks
ro

iridovirus7F o1& & hostollAd oWt [(EAS 7} A a1 replicationd} il
Aew ofGA ME2 typeo 2 WSS b 5 Q=X o] diR A ®
sk e o] FoAR A e Qi) wEtA E A4 3 =2 F A

o7} & At "@ojola E8 3k iridoviruss siALe] Liridovirusel]l H] 3l
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]_

ol

33l real time PCRS E3 ISKNV-like virus®] %44 HluE &4

HA 2 gdw Bl A el e iridovirus®] DNAZ RSCR-K2
F-91 = detectiond}i= primerE ©] &3] PCR3le] Hwstal H7]gdF5o=
&gk A3 amplicon®] Zol7} sttt obd theket doj2 Yl A&
Sele ¢ AU 2 o] FAE] e o] batchol A= &<l
St} amplicon® major band’} g+ 7 oo 2 YEY+= multi major
band (MMB)®] Z1&F%= UAAW & 257 el zzte] A7 =F
3l 7§ 9] major bandE WEIHE single major band(SMB)S 7FA+= 7
T AT (Fig. 2). =7FE = B2 gdS o visible band ++ 47}

o A 5/, T=AY A= INER - AILEARS] Fapitel vl
variationo] @Wkom, F2 F=Aibe) 92X major band®] density #F
o7} ATt o FHEHE

ddout w5 714 thgd amplicons WERNE lane 19 E¢E Y
(Fig. 2). A998 oA 83 iridoviriusE =T sequencing F
A3} 1504bp, 1,357bp, 1,201bp, 1,018bp, 862bp2] sequence= &<l st
ANoem HF ISKNV-like iridovirus o]l SRIE ATt 2l 7Hd =
Arofoll A B2] %k iridoviruse] repeating sequence= X5 Al ZHA 2 U
Elykem™ 32, 17, 13 amino acids7k FR1E ek o] F Fig. 59 1W

sample?! pearl gourami (Sinagapore)oll Al i-2}g DNAOIA e+

ol

)

=}
2

W330S W amplicon band Z o] Atell = o] 7}

"

e

repeating sequencei= UFE sampleE©] repeating sequence®} Hnl S

] 17 amino acids?} © X&x o] At sample 1914 3o 17
amino acids”t ¥ ¥3%HH sequence®] ¢FHCE= 7 amino acids, 1%

S w= 2570¢] amino acids7t B F7FH o] Ae™ ©] amino acidst
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t}E sampleo] A = YEFEA T repeating sequences™ oFY At} (Fig. 5).
7F4 Aol7F 71 sample©] repeating sequenceZ U ®o] ZFA AL Ao
o wald  amplicone] Aol7F v AojALE ¢ W& repeating
sequences 71d Aoz AZtETh IVS-19]A4 % repeating sequence”}
AR 7 A9 repeating unit¥® WIE=7F ISKNV, PGIVe} @o] &gk},
o2 Ao A repeating sequence?] Zol7F Wo] HI H+=
ranavirus®| %3l GIVE repeating sequencei= 1,533bp= A F7FA] H.
1% iridoviridae repeating sequence ZolA 7} 71 ZAolE A HEHS]
o}, GIVE  repeating sequence™  ranavirusolA < Ht} =&
recombination®} genomic rearrangementE Yo ZItt:E H a7l vt
(Tsai et al, 2004). LCDV-CeolX] &= repeating sequence”’} 66bp= T4
Ho] A 670 nucleotideZt A& 7] REEUH A Wstrt dojdty
= E7F ) oo} Hlaugdls w E A3 9] repeating sequencetT &
71 <4E Aol A o] WM3t= e o virusell A€ repeatinge sequence
dol= CIVE 16bp, ISKNV 496bpe] Aoz EAst= A= gy o
H 7)oy 54L& ¥ QA Fh(Tsal et al, 2004).

amplicons®] 4 o] 7} Zol Ao w2} repeating sequence®] deletion &4
o] AF HAow 7 71 olo amplicone repeating: sequence’} 7}
7 ®o] addition ¥ A2 SHela 4 3tk o8] ¥ repeating sequence
7F RSCR-K2 ##i7t dojup= dddA sty fa & F9=
detectiond}+= primerE A}&3lo] MCP, Pst1, ATPase, ORF-1 9 &
PCR3F A3 X% single major band® YWElst} (Fig. 3).

B Ao A= RNRS9F RAD2 Alolo] $]X3l=  intergenic region

(IGR-RR)9] repeating sequence®] WA= A3t} o] B9 =3
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RSCR-K2 #$19} #o] repeating sequence’} Bo] &3ttt deizl
BQlolty. 7} Aol7b 71 repeating sequence® unitE Wl g A}
silver gouramit 49bp, pearl gourami (Singapore)v 44bp, pearl
gourami (China 1)& 80bp, pearl gourami (China 2)& 5lbp® YEM
(Table. 5) 7} #2 repeating sequence unitE H|w 3k ZA3} 47§ 9]
sample =5 22 sequenceE 7F7 unitS HPow 1 Zo]l= 8bp, 6bp
2 Yergt B2 iridovirus strain 94 % IGR-RR region®] repeating
sequence’} =43 2™ 714 71 repeating sequence?] 4ol ISKNV
59bp, Lymphocystis virus 53bp, RSIV 61bp, IVS-1 80bp, RBIV 48bp,
CH-1 93bp €t} (data not shown). TF2 <ol A intergenic region9
repeating sequence’} UEsHA UElUYE o]fE UFEY  o]d
repeating sequencetw ~Z 1L B AT palindromesE  7FX| 1 Qo
sequence®| Zo]7h th¢Fet hairping HA8et7] wiiLelgt ® st 3l
t} (Tsai et al, 2004). & AFel4 IGR-RR region®] 13 Wl amplicon
& SMBE uYetwtow TE7bo| = amplicon®] Zo] xlol: dxut w
T+ SMB=Z uyEldtl. mebA repeating sequnece’} multi amplicons %
el s A4S RSCR-K2 region®e] EA SR of Axth

o] ¥ repeating sequenceZ} YEE= Q1o thE A= oF2 ¥E R wl
7F GAIRE oW 34 A Wstel| 2ol8k virus2l regulation 7]#F o = LERL
= Aolgta F5Ev. Abghel dis) Ads BE Aol A= repeating
sequence”’} ¢17F ¥ F-of virulenceE do7|= d A &St

B a7 Jth(Moffat et al, 1998). Epstein-Barr virus (EBV) 1]

Rl

Kaposi's sarcoma-associated herpesvirus (KSHV) 7

gammaherpesvirus®| 4] = repeating sequence”} latency amplification®}
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viral gene expression® Zdol| #stt= R a7t Jt(Thakur et al,
2007).

AF7HA AH o iridovirus®] 545 EAlste] BE) fHdAe &
FE Ao ®E repeating sequenceE 7FA| il o o] 23k sequence
+ virus® genomic DNA variation JAdolA 7 WA targeto] =&
BEo7 A4y vt (Schnitzler et al., 1987; Fisher et al., 1988;
Bugert et al, 1993). At}t7} Bahr %(1999) %9 dTto 9std

= =15

Herpesvirus& 233t @2 double stranded DNA virus® genome®l A

Eolze 342 DNA polymerase gene 3o W2 FA27F cluster
ez EAsg gl o]gdt HuELS iridoviruse genomeol Al

DNA polymerase gene®] proximal region A °l virus®] structural +

HAAE 3 terminal regionEo] =4 4 gdow, A o] H

s

s

nucleotide variation®} &7 structural ¥ nonstructural F¢lell 9l
nonessential regions |41 repeating sequences 2| addition | T+
deletiono] ®We] YElE Ao 2 FAHHETE ofF  virusol AoJA g
repeating sequence®] w3 H = herpesvirus®] <3} Channel
catfish virus (Rovin et al), iridovirus®ll <38l= LCDV-1 (Samalecos et
al., 1986), CIV (Fischer vet al., 1983), RSIV (Walker et al.,1980),
ISKNV (He et al., 200D)7F ®.aEd o LCDV-C genomeW ol A 713
5131 H5 % repeating sequence’F H.-alE ITHZhang et al., 2004).

B Ao A+= rock bream¥} pearl gouramiolAel &4 Ad&

of

&l
o]¥l multi amplicons®] band pattern ¥ 3}9} repeating sequence®] W3}
5 dolr iz Ak AATE ¥ pearl gouramiol A multi major

band®} single major band patterng XHol= Z-Ze] WA 2SS T4



i
jaii)
2

| AFE3t91al 2 A3 band pattern o] I E HXH
gt (Fig. 9). %54 A HA passage 438 23 25 &

sample?} -2 pattern® band’} Y$tow (Fig. 10-1), HbE Adgo =z

s
N
ftlo

i
rol

=

H o] passages &3 ¥4 HPA= A WA passages A Ysk F+ W
A, Al WA passageol A+= band pattern @AAo] IR FAH= AL

gkelst = A tH(Fig. 10-2). 3 WA passageoll A= A&l 60%=
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