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Characterization of polymorphism based on repeating sequence
in flounder iridovirus

Young-Chul Kim

Department of Aquatic life medicine, Graduate School,
Pukyong National University

Abstract

We examined the various sizes of amplicon in-PCR with a single set of
primers derived from an open reading frame, ORF-2, in._the megalocytivirus
obtained from olive flounder (Paralichthys olivaceus). cultured. in Korea. From
sequence analysis of the multiple amplicons, -we demonstrated the presence of
distinct genomic polymorphisms in the ORF-2 gene with differing numbers of
repetitive element| of 60 amino acids or 69 amino acids. 2-step PCR with the
cloned plasmid templates of three different sizes of produced amplicon and
mixed templates of. these three cloned plasmids did not produce any PCR
product with a length different from the original templates. Moreover, we did
not observe the “disappearance of any different lengths of amplicon in PCR
with isolated from tissue homegenate incubated. more-than 10 minutes. These
results implied that the amplicons—are-not-derived from artifacts of PCR and
viral DNAs used as template are present in viral particles rather than as a
naked nucleic acid. FLIV-1 after challenge experiments in two different host
species, olive flounder and rock bream (Oplegnathus fasciatus), and in vitro
inoculation experiment in primary rock bream embryo cell displayed the same
feature of polymorphism in the ORF-2 gene as those in the original sample.
In monitoring experiments, the same pattern of polymorphism in ORF-2 region
were found in comparison of each other 14 FLIV isolates in marine fishes
from 2003 to 2013. Additionally, from 2006 to 2009, 16 FLIV isolates obtained

from shellfish known as a suspected reservior of viruses released from



infected fish also showed the same polymorphism in ORF-2 region except 2
and 3 isolates showing a single and double bands respectively in gel
electrophoresis after PCR. Based on the MCP gene sequences and
characterized pattern of repeating sequence in ORF-2 region, FLIVs (14 and
16 isolates obtained from fish and shellfish of this study and reported from
other laboratories repectively) were further grouped to 6 and 3 different
sub-subgroups respectively (FLIV sub-subgroup 1-6, and FLIV-1, 2 and 3
type). Out of 30 isolates, 25 isolates were grouped in FLIV-1 type and
assumed as major repeating sequence type in FLIVs in Korea. In comparison
of these sub-subgroups distinguished by -nucleotide sequence of different
genomic region in FLIV, we founde the relationship of-groups between FLIV-1
type and FLIV.sub-subgroup 1, 3, 5, 6 and FLIV-2. type and FLIV
sub-subgroup 4, 5 and FLIV-3 type andFLIV sub-subgroup 2. Although TRBIV
reported in /China and CH-1 obtained from imported fish from china can be
distinguished as a seperated sub-subgroup 2, in FLIV-type grouping manner,
TRBIV was a member of FLIV-2 type and different from CH-1 of FLIV-3
type. Consequently, fish can be infected by a single or multiple types of
particle in FLIV, and the genomic/ polymorphism might be formed by
replication of each different polymorphic type of viral particle that has the

same potential to produce the wiral genomic_DNA for' progeny virus.
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Family Iridoviridae® AlAIH o2 e 2 sjato] = wg=ofo 3l

o] Aztsk AAAH £48 do7lar rt. A A International Committee
on Taxonomy of Viruses (ICTV) = Family IridoviridaeE Iridovirus,

Chloriridovirus, Ranavirus, Lymphocystivirus 133l Megalocytivirus
F 5%9] genera® E{H3ITh I T, Megaloeytivirus= 1990 9]
red sea bream, Pagrus major=Z+4-E RSIV (red seda-bream iridovirus)
7F Aoz ergz & (Inouye et al, 1992) 3H L3k o] F Zo|A AL
Aoz WAFENN, o|EFL Megalocytivirus MCP ‘gene®l A& 549l
ol&l 478 ¢] subgroups®= ¥t} subgroup I & RSIVE X35t Qlo
o, subgroup I & U] & HAA=ZA wjd =5 o Uz #AAE
o 7)== RBIV (rock bream, Oplegnathus fasciatus iridovirus)E X%+
3tm (Do et al, #2004) subgroup I & =9 T4 2802
mandarinfish, Siniperca -scherzeri- oA w2]¥ ISKNV (Infectious
spleen and kidney necrosis virus) ZF-t3E ol (He et al, 2001)
subgroup IV & flat fish®¢l WA (olive flounder, Paralichthys
olivaceus) ¢+ turbot (Scophthalmus maximus) S ZF¥H 2 5w
TRBIV (turbot reddish body iridovirus) 7} thZEZ o]t} (Shi et al,
2004).

Olive floundero] 243} iridovirusE AAH oz S A 7 FLIV
sol Baxol = gA FAA AA & HHE Fia deH (Do

et al., 2005), #roll= 2] starry flounder, Platichthys stellatus ©l 4]

K



I ste] HALE oA 2 HE doFtE Bk th (Won et
al., 2013). #<tell+= olive flounder? iridovirus ¥ 8] Hi7} A9 HF
3laL o]o] thak AT T3 tE subgroupol] H]s] A B A A o]

A, F FAGAYAFE RUSGE B FHPAFe] oF 20%F 17

Pﬂ

2
shal il AAIA S 2% flat fishe] G =9 FEZFS AT
H &S AA 8ol Qo B2 Megalocytivirus subgroup IV

v T8ttt & 4 Ak (Lei et al, 2005).

Family Iridoviridae®] H}o]l#] <~ DNA9 34 Holol HE & 12
b BEHE 553 E4S 7RG o8 @ whEA 22 LCDV-], CIV,
RSIV SollA Haw vl 9t} (Samalecos et al, 1986, Robin et al.,
2000, Walker et al, 1980). @A|7Fxe] <A+ FolE Eotd thdst
subgroup®l ©3gk Megalocytiviruse] HlaLe] o] DNA < 7] #fo]of gk
AsE ol i, thFgk BolE YEHd ¢ 9l repeating sequence®] -
A2 wsteh B4 gk HMudA T = A8 o] Fo]A A gal Ut §HA]
g FH 2ol efjakdA oo EgwAdelel 247 HALE Ftét= RBIV
(Rock bream “iridovirus, subgroup II) ¢} ~PGIV - (Pearl gourami
Trichogaster leeri iridovirus; subgroup HD 2] ORF-2 gene W9 &dt
Ho 923k repeat region?! K2 regiond 97|HE HluEAS Edlo
subgroup 7+e] zFole} PGIVOlA YEUE thokdlk polymorphism &4
o] ¢&#z ¥k At} (Kim et al., 2011).

mefA] 2 A= gxolgkntolg 2~ (FLIV, subgroup IV) ¢ K2
region® A %= polymorphism @8- Yebd AHolgt= 7HdE AL i)
subgroup™ K2 region® polymorphism 2¢l¥} whEd7|qy HA )
K2 region® x4 45 %3] polymorphism &2l <l &4 iii)

RUHEYS Fd dre ZAE F@ skl polymorphisme 4, iv)



polymorphism@& A< host defense systemol] ©™ 3+ virus regulation®] 2}
7V skal in vivo DA ES 8 Wol 41 v) host defense system©]
gl in vitro HE HAPE 3 WolE At HAolg Lol £~
I} Megalocytivirus®] polymorphism £4 & subgroup™ = H]

wEAE A% A ATt sk



II. A5 2 49y

1.1.1. Megalocytivirus subgroup® virus
Megalocytivirus®l 2:3F+= 2z} subgroup?l virus® % K2 regionol] U
3l polymorphism< gQlsldct. WA =99 =% (Oplegnathus

fasciatus)oll A1 TVS-1 (subgroup 1), AZFEE A F=dF TS5 BAtojel

.

pearl gourami(Trichogaster leeri)o|” PGIV (subgroup L), 54 ¢ 4
| (Paralichthys olivaceus)ell A1 FLIV-1 (subgroup IV)S 717} 23}
=

1.12. A€ A=

2 A= 2000-20131d 9] = 9] a4tk o] spleen®t 200672013 9] =
W4k 379 midgut glandoll Al 3AHS #28te] PCRS Aldstdar, &
=9 HAA e cloning® sequencingg A& 3dte]  Megalocytivirus

subgroup IVE AE3Fth (Table 1).



Table 1-1. FLIV isolates in marine fishes

1st 2nd
Region Host
Isolates Year/ Month egi PCR PCR
CH-1 2003 03 == o _ +
Lateolabrax sp.
FLIV-1 2006 10 A B9 g4 + NT*
Paralichthys olivaceus
12/07FLIV-ty 2007 12 A B9 |2 + NT*
Paralichthys olivaceus
05/08FLIVas-ty 2008 05 Ad 59 " _ +
Paralichthys olivaceus
11/09FLIV-ph 2009 11 A& ¥} = + NT*
Paralichthys olivaceus
12/09FLIVas-ph 12 AHAE x3 ' iy _ +
Paralichthys olivaceus
06/10RFIVas-ty 2010 06 A 5% Z9E : _ +
Sebastes schlegeli
11/10FLIV-gi 11 73 713 Hx
i Paralichthys olivaceus + NT*
08/11FLIV-ty 2011, 08 A &3 -o|8x + NT*
Paralichthys olivaceus
o]
08/ 118CIVas—ty 75]% 150_001 Sebastiscus — +
marmoratus
FLIV-2 2012 08 A& = Hx +  NT*
Paralichthys olivaceus
08/12SFIV-ph BE 29 A=y +  NT*
Platichthys stellatus
08/13FLIVas-ph 2013 08 - A& 23 e R _ +
Paralichthys olivaceus
08/13FLIVas-gi b 71 HA] _ +

Paralichthys olivaceus

*Not tested



Table 1-2. FLIV isolates in shellfishes

Isolates Year/ Month Region Shellfish
10/09sfFLIVoy-jh 2009 10 =4k st A=
Crassostrea gigas
03/10sfFLIVoy-jh 2010 03 =4k st =y
Crassostrea gigas
03/10sfFLIVoy-ty A% B 2z
Crassostrea gigas
05/10sfFLIVoy-gw 05 B} 3ol 342
Crassostrea gigas
05/10sfFLIVgo-ty AG B za}
Tegillarca granosa
05/10sfFLIVdm-ty A Eq =5
Mytilus edulis
05/10sfFLIVba-gj AF-Z A 5|52
Tapes. philippinarum
08/10sfFLIVoy~gw 08 B} o) =2
Crassostrea gigas
08/10sfFLIVdh-nh A o3
Donax trunulus
11/10sfFLIVoy=jh 11 =4 K35t pan=g
Crassostrea gigas
11/10sfFLIVoy-ty A = Az
Crassostrea gigas
11/10sfFLIVoy-gj A AA 2=
Crassostrea gigas
01/11sfFLIVoy-nh 2011 01 73k ) 2=
Crassostrea gigas
01/11sfFLIVgo-ty A=Y W}
Tegillarca granosa
03/11sfFLIVoy-gs 03 A 1A 2z
Crassostrea gigas
09/11sfFLIVba-ss 09 = Ak IS4

Tapes philippinarum




ol spleen =4 10 mg =+ 379 midgut gland =% 10 mgo.
ZRE AccuPrep Genomic DNA Extraction Kit (Bioneer) & A}-8-3}o]
A ZAF] protocoldl]l el #F 100 o] elution bufferES AF-83slo] Ak
= ettt 28 d DNA« A3 A7 -20TCol A Hasksioh



1.3. PCR

1.3.1. Primers

Megalocytivirus®] #A0S 98] AF&3 primer= MCP genes #
Z3t= MIF/MIR primer setZ® AM&38t9lal, 2 & 15 PCROIA HAEH
A k2 sampled] UtslA= M2F/M2R primer set& AF-8-3}¢] nested
PCRE Ald)sto] &R1&ttt (Table 2). WA de] &0 2 F¥H S
3 Jeong et al. (2006)7} A}#FHsk K2 region®| IK2F, IK2RS Al-83}9

f

PCRS A &3} il asymptomatic infection® o] 71} I Foll tfsfr+=

o] ol th3l nested PCRE Aljate] &latdtt (Fig 1.

RNES gene

EC—

K2 region

0 500 1000 1500 2000 2500 3000 3500 4000

Fig 1. Schematic illustration of the K2 and IGR-RR regions of the iridovirus
TRBIV ( Assession Number GQ273492 )



Table 2. PCR primer used in this study

Genomic . Oligonucleotide sequence Expected size
. Primers K . . . Reference
region (5" to 3’ direction) of amplicons#**
MIF GAGAGACCCCAACACGAC
1220 bp
MCP MIR ACCTGGTGGCTCCAGTGC Oshima ef al
gene M2F  GGCGGCGACAATGCCGTG (1996)
908 bp
M2R ATAACGACCAGTTCAAAC
ATPase 3F CAAACCACAGCGCGGCAAGT Kurita of al
562bp |
gene 3R AGTAGCGCACCATGTCCTCC (1998)
IK2F GTGCACAGTCGCAATAC - Jhong et al.
p
K2 K2R CCATCTTTATAATAAACCAG (2006)
region IK3F ATGTGCACAGTCGCAATACC
617bp In this study
IK3R CTTTCECAGCTGCATGTTGAG

*Real-time PCR “primer sets
*#xbased on the nucleotide sequence of FLIV=1-ppl.



1.3.2. PCR amplification

H Aol PCRS 0.2m¢ microtube®] 10 mM Tris-HCI (pH 8.3). 50
mM KCI, 1.5 mM MgCl,, 0.001%(w/v) gelatin, 0.5% Tween-20, 0.2
mM<e] 7} Zbe] dNTP, 1 uMe] Z7+9] primer sets, 1.25 U AmpliTaq
DNA polymerase (Perkin-Elmer, Norwalk, CT, USA) % template
DNA=ZA #2l¥ aks H7ksk & DEPC water2 PCR &£3&9 %
ol 20 w7t ¥ A stk PCR amplification Applied Biosystems
2720 thermal cycler(ABDE AF&3t3 o™, PCR &7 94T A 37t
pre—denaturation A Z} %, 94C 30% denaturation, 55C 30% annealing,
72T 30% extensiond}o] 30cycles WFS-A]7]3L cycleS mhxl & 72T
A TEZE post- extensioneA AT FZEH AES 05 pg/ml ethidium
bromide (EtBr)7} #7F8 2% agarose gel (SeaKem®™ LE Agarose,
CAMBREX. bio Science Rockland, Inc, USA)S %9 05X TAE
buffer(40 mM Tris—acetate, 1 mM EDTA)°] Yo A7|d&S HASH

% UV #=7] (Seoulin Scientific Co., Ltd., Korea)Z ©]&3}o] Eo]%
WMe= A2359 0} 1st. PCROI A negativeo] A3} 7F U2 Al 5+ nested

PCRE =4 A sttt 20 o] wH-2oho] 1st PCR product 1 =
template®. 2 3}a kA Aw e PCR WY 5U3A Al &8Fe] nested
PCRE Al a3}

_']D_



1.4. Cloning

PCR productsi= 2% agarose gelol 7|95 & bandE +& 2A3H
% GeneAll® Expin™ Gel SV (GeneAll Biotechnology, Korea)E A&

sto] AAsA 1, BAE DNAE pGEM®-T Easy Vector System I

(Promega, USA)E A}g3}le] plasmid vectord] ligatione A1 3
competent cell (E. coli DH5a-T1) 1000 E % 7}8ko] iceoll A 30#3+ HF

f
=

S A7) aL, 42TCol A 40%7F heat-shockS < ¥, SA] iceoll A 3&7h
S % SOC broth (Tryptone 20 g/L, Yeast extract 24 g/L, NaCl
0.5g/L, 250 mM KCI 10 mg/L, 10 m¢ of a sterile solution of 1 M
MgCly, 20 m¢ Filter sterile”1 M glucose/L)S 250 wt #7}shar, 37C,
907 e WA AT, wgdS Ampicillin 50 pg/m}  X-gal
(5-Bromo~4-Chloro-3-indolyl-B-D+ galactopyranoside, sigma, USA)
40 pg/méo]. F7FA LB (Luria- Bertani, Difco, USA) ZH3rjx] o] w=a}t
of, 37T A 1813t &t HiFAZ T SF &M 3t g o] o] T2 8k=
AS st Ao g YEY = colonyS A# kel Ampicillin 50 ug/
me7b A7kE LB brothel FF $, 37C A 18417+ vl F3le] GeneAll®
Plasmid SV mini kit (GeneAll Biotechnology, Korea)Z ©]-8&3}c]

plasmidE 2] 3}t

_11_



1.5. 4714 € 24 R AT A

#2]¥ plasmidE Big Dye Terminator Cycle DNA Sequencing Kit
(ABI PRISM PE Applied Biosystems, Foster City, CA, USA)S A&
ol AE A7 ES g K2 9ol thdk 7 iridoviruse 9714
d& MACAW program (Version 2.0.5., National Center for
Biotechnology Information, National Institutes of Health, Bethesda,
MD, USA)<= AR&3te] Hlal, Z418k3At

w2 Aol el ods HAE Sk wdd F 317HA 9
virus isolates®} Z+Z} 15l Megalocytivirus subgroup® reference
iridovirus®] ' MCP genes. Megad program (Version 4.0 R2., Based on
CHAPM, USA)& Apg&8lol A phylogenetic treeZS A #ako] | Al & kA st

Mo wa, #A5E

b

_']2_



1.6. Real-time PCR

Megalocytivirus®] real-time PCRS 531 Az A4S 2A57] ¢
|41 MCP gene°] cloning® plasmidE A}F-&3Fe] standard curveE Al
Zetg o whHe oS3 2tk Megalocytivirus®] real-time PCR
standardS A %3}7] el A Megalocytivirusoll A ¥ YA ZHE £
¥ FLIV-1 isolate®] genomic DNAE T3 oz gMIF (5-GGC GAC
TAC CTC ATT AAT GT-3)¢ gMIR (5-CCA CCA GGT GGT
TAA ATG-3) primer setg AF&3te] qPCRE. Algstsict &€
standard plasmid DNAE Quanti-T™ Picogreen® dsDNA reagent and
Kits (Invitrogen Co., Carlsbad, CA, USA)E Al&3le 55 =45
o] ¥ plasmid copy® ABE F 2x10" ~ 2x10" copy# ZH7H 10-fold
A G sty FEHEFIAS Adst=H AME ST el o blo)
g o] A EAS 98 Rotor-GeneTM 6000 (Corbett Research,
AUS)E AF&3Fo] real-time PCR=: A A|8HS T} real-time PCRS A A
sh7] 18k =302 “10xbuffer 2 b, 200 pM<] . 279 MCIF/MCIR
primer, Hot star Taq-(HS ‘prime Taq -DNA polymerase, Genet Bio,
Korea) ¥ 10-fold @4 34 ¥ standard plasmid %=+ templateE 0.2
ml tubeel] T3 & HEF A o2 EvaGreen (Biotium, Korea) 1 wE #
7}l Ak real-time PCRS 95T A 10#%} pre-denaturation A%l 3,
95Tl A 10% denaturation, 55Col 4] 15% annealing, 72Col4 20%
extention®] W3S 1 cycle® &t 40 cycle 9333t}

_13_



(A)

(B)

CT

Theeshold // " F

Cycling A.Green (Page 1):
R=099984
R~2=0.99967
M=-3.480
B=33.8657

- { Efficiency=0.94

22 i - - == T - - et cmemeanT

...............................................................................

Concentration

Fig 2. (A) Amplification plot of real-time PCR of the positive plasmid

DNA with different copy number. Lane 1-7, with serially diluted

plasmid DNA prepared from 1.0x10° to 1.0x10' copies/ul; NTC, no

template control (B) Standard curve showing a linear relationship

between positive plasmid concentration and cycle threshold number

_14_



2. PCR amplification A%

2.1 Z} polymorphic varianto] o3 PCR test

CloningS %3] plasmidel FLIV-1-ppl, FLIV-1-pp2, FLIV-1-pp3 ¢
ampliconS Z+7} 49189l al, o] E templateo & IK2F/IK2R primer set
2 PCR3}e] slupe] variantoll A A &3] 19 9= size? single band
pattern©] YElY+=4] 25ttt 1831 3714 variants plasmidE =

F &% 39 o]= templatee ® IK2F/IK2R primerE ©] &3¢l PCR<

stRS w, 83| 37FA amplicon¥He] & Fo] ¥ o YEve=A g<lst
Aot &3 Iridovirus7F A=A &2 WA spleen 223 =2 midgut

gland®] homogenatesE K24 | YE}:=  variants®!  FLIV-ppl,
FLIV-pp2, FLIV-pp3 ZZto] cloning® plasmide} &8k $ AccuPrep
Genomic DNA Extraction Kit (Bioneer)& ©]&3slo] alAtS H23ta
IK2F/IK2R primer= ©]4-3to] PCRS &% wl .A3ks] zzo A
A x| 5}= ampliconitol~5 50| =Ho] single band pattern® 2 YEM=
Al Sl AT

_']5_



2.2. Polymorphic variants?t9] concentration 2F°] AF

Cloning® variants®] plasmid DNAZ Quanti-T™ Picogreen®
dsDNA reagent and Kits (Invitrogen Co., Carlsbad, CA, USA)E o] &
dto] AT copysho® 727t F A5G, o5 TUd wER T35kl
PCRS 3}¢] &Y%t band densityE Hole A &EQlsgth gl
variants{te] A ztolE &Qlstr] ¢ 7H X3S band densityE RS
9 FLIV-ppl® plasmid®] copy#< A4S FLIV-pp22t FLIV-pp3
plasmidE 2-fold TA g A ate] 2° s uj=71x FEn) e

5, ZH7tel A
E 25 &3¢ PCRS F3 band densityS 22135} 3ict.

1

_']6_



2.3. Polymorphic variantsel] o3 sability test

2+ 7ol A Z% polymorphic variants”’} viral particle® AAo] ¥ +=
A ZA3st7] $1dl stability testE Al @A th Real-time PCRES o] &
o] copyakol 54 ¥ FLIV-1 DNAS®} cello| A vi<sE FLIV-1 A& dS
1.0E+06 copies/ml®] U3 sr® 343 5 242 FAdHA &2 &
% spleen %27 9] homogenatesel]l &33te] 18# 3 10¥9 Al 7tser A
of Wx]A71 % AccuPrep Genomic DNA Extraction Kit (Bioneer)S ©]
f3to] xS Eeska IK2F/IK2R primers o] €3] PCRS 3lo] =
& stk mglal 1st PCRoA F4o] =X &2 AA dis)
IK3F/IK3R primerE ©| &34 2nd PCR<S A 3 3} o).

o

_’]7_



3. in vivo 323 A ¥

3.1. A43do] ¥ virus

Agol= Y F2o a2 oFe =% (Oplegnathus
fasciatus), 9 A (Paralichthys olivaceus)S 39| 2 oA Zz

Yol 2 ol R A7 40 L5EAA 19 18 AR Fo L AR

ol

H
55 3 25 + 05CAA TEH FAA AT EE oFS MIF/M2R

iridovirusoll A= A &S Qs F, FA A AL&sAT. FAA
Aol ALg3 HENE FLIV-13 IVS-1e] 47 7dd |x¢ 55 4
TS 100 mg/me] w=E wASeE Fofl 045 ul syringe filterol &34

71 & real-time PCRE o] &3te] B 1.0E+06 copies/mle] FU3t »
=

_']8_



3.2. XXF AN HHY passage 4 F

4 wolF 7o) wWAe] AolE el

_—

X
e thE HENES Holx T Megalocytivirus¢l IVS-13 FLIV-1&

ALdAE AR oJFHRE HAArbe A 1E,
& A 275 o= ol A4 10vke A s A A7, FE 0.1 ml
= oA B4l injections stlem 25 £ 05T F2oA AlsTE
M SpslE e S OF2 49 B HAE 54 a5 24
K& steiet. Sampling® # Aol tiete] PCRE o] &3] nfo]
g~ 7S #edk & polymorphism pattern ¥3Fol]l thalh 413 F A
HAL S, AA ST Aoy, =3 U3 WHo 2 339 passage
AeS Ao w Feste] polymorphism pattern W3tE #2413t 3

H A passagedl A #+2]® FLIVE sequencingsS E3f K2 region® 7]
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3.3. Cohabitation 43

ot

Y ] donor group, @ *| recipient group 12]il &5 recipient group

Z 109kl shube] 150 1 &0 5 wix8ta FLIV-1 HE A4S g A
donorell 0.1 ml¥ EZAFALS 3 5, 25 £ 05T F2AM Al5FE

mj el Skt A 249 =< cohabitation A¥ES 2@t 3Uwmict sk
Fat7] AAd AFEFE sampling 9 AFEE U] EE groups
sampling3}°] polymorphism pattern< +

g8ttt
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4. in vitro 3 A9

4.1. EFAAAEY ] F

]
H

o]
dots Hud dla= FE8 AHI § 22Te "aaolA F3A

rol

=% (Oplegnathus fasciatus) ©]

)
lo

0%

1>

o

=2

>

-4

(o]

=S

Attt F3}3sk zo]= 100x antibiotics and antimycotics (Gibco) 7} ¥t
¥ Minimum Essential Medium (MEM, Sigma-=Aldrich)elA washing
% meshE o] &3t TAAMEZ WERT 4T 500 goll A 10837 94
=2l & Tl GdAlE o]9l ol =d & washingdts 2H1E 33 WHE53
3, HFAHOo R 10% Fetal Bovine Serum (Gibco)”} *3td MEM ujj #|
of d¥3ttt. Tryphan blue 92 Faf AEE A3 F
cell& 25cm tissue culture flask (Corning)ell F<%)3ke] 25C oA wf ks

Atk v 38 T =E=20E (RBE cell) € monolayerE 43532
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4.2. Inoculation

HA Al Z2§ FLIV-13 &5 v olA &2 IVS-1 0.1 ml

72tz RBE celldl #HEFsglen 99 w9 wi¥ %, CPES

o

polymorphism patterng #2418t th L3 A WHA passage $ vl
Hlolgl ~ A5 AaS 3 45ta o]E 108 A T A FA Z2ul et

RBE cellel 0.1 m& HFsATE o83 HAHS 33 dHoz nhEsio]

polymorphism pattern®} 714 <& F A 351t}
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1.1. Megalocytivirus® polymorphism pattern 4]

Z} subgroup?] virusell sl PCRS Al3% A3 ~H|n 4 conservedt
9ol MCP, ATPase genedlA+= 2z} subgroup®tt}t E5 HU3 =17]
9] single band= WEFWE (Flg. 3). 8FA%F K2 regionol A& IVS-19]
A7t single band pattern< YERW AL, PGIV-SP, FLIV-12 multiple
band patternS UEFH O™ FZ3H amplicon® Z7]|% subgroup® = 2zt
Zy 24 Yebg g (Fig. . 4(A)). FLIV-19l A S24 5 T3l 1168 bp,
988 bp, 781 bp Z7]e] 37}A] variantsE AE F JQ A AVAAE B
S g Ay F TG L2l addition B+ deletion Wil ZF A
717 g2 A Heole 37FA-DNASTS SISttt (Fig. 4(B)). ol gt
FLIV-19]4 Ho]l= 37}A amplicons 247 FLIV-1-ppl, FLIV-1-pp2,
FLIV-1-pp3® wWHW3Pxr EAHAH o2 band densitys FLIV-1-pplo]
FLIV-1-pp2, FLIV-1-pp3R.t} tha e P& H gt
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1.0 kb —

(B)

Fig 3. Detection of ~different iridovirus by PCR amplification with
conserved region. (A) MCP gene; (B) ATPase gene. All the samples
identical. Lane 1 : IVS-1 (subgroup II); lane2 : PGIV (subgroup II);
lane 3 : FLIV-1 (subgroup IV)
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(A)

FLIV-1-pp1 (1168bp)

FLIV-1-pp2 (988bp)
FLIV-1-pp3(781bp)

(B)

0 100 200 300, 400 500 600 700 800 900 1000 1100

| | \ | \ \ \ \ \ | \ |

| | \ | \ \ ! \ | | | | ——

p

FLIV-V1 J
FLIV-V? D e s riva s v s o R
FLIV-V3 L sg1bp

Flg. 4. Detection of iridovirus from cultured flounder by PCR
amplification with K2 region. Sample of (A) Lane 1 : IVS-1
(subgroup II); lane2 : PGIV (subgroup II); lane 3 : FLIV-1
(subgroup IV); (B) Schematic illustration of FLIV-1-ppl, FLIV-1-pp2
and FLIV-1-pp3.
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1.2. Zt polymorphic variant®] ™3 PCR test

FLIV-1-ppl, FLIV-1-pp2, FLIV-1-pp3 Z}7t& cloning¥t plasmid&
PCRS 31, A719% S %3d] amplicons 43 A3y FLIV-1-ppl,
FLIV-1-pp2, FLIV-1-pp3 E5% =L7]¢] 2= single band®to] A E A
S Fgostdtt (Fig. 5). =3 RE plasmidE® £33 sample?] PCR 2
o A= FLIV-1 DNA®] PCRA#el 4] Ho]= multiple band®t &<
H1 o 2ls #dg = Al = g

spleen® = 9] midgut gland ZA o] 93 PCR &R/ E #AZ37] 94l

2719l 37}A] band 2% F

i

2l homogenatesZ Z}zte] plasmidet &3g3to] wlolg] A AE34 3

7}
A3 i o= ENE Y SFPER= SHME Mol A = A AP T

Fig 5. PCR to plasmid cloned with repeating sequences. Lane 1 :
FLIV-1-ppl;, Lane 2 : FLIV-1-pp2;, Lane 3 : FLIV-1 -pp3; Lane 4 :
Mixed sample with ppl, pp2 and pp3; Lane 5 : Genomic DNA of
FLIV-1
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1.3. Polymorphic variants?t¢] concentration o] AF

Zt7be]l @< FLIV-1-ppl, FLIV-1-pp2, FLIV-1-pp3 plasmidE &<
copy ko= 3% Fo mF Egtsto] PCRYE 23 M=z 79 4%
band densityS H.©]™ multiple bandE YEH+= AS #2135ttt (Fig.
6). pple copy#te ALAA 7] AL pp2, pp3el copy it 2-fold dilutiond}od
sl A7l FEgavm=e] &3 sampled] W3] PCRS Al A
FLIV-1-ppl® FLIV-1-pp2, FLIV-1-pp3%7t2] band density H|&<2 =}
o|7} pp2, pp3¢l 3| A Hjgol whel Zolrk v AE A = %,
ole] mz} FLIV-1el4 o] ppl, pp2, pp37te] band. density =}o]]

HelL PCR=E 23k interaction®] ©FY &k viral DNA 2] concentration =f

Fig. 6. Comparisons of concentration after PCR mixed with each
polymorphic variants. Lane 1. ppl+(pp2+pp3); Lane 276 are mixed

about ppl and 2-fold dillutions of (pp2+pp3).
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1.4. Polymorphic variants©] © 3} stability test

i

FLIV-1 DNA%} cellol A vi%d¥ virus A5 AS Fdyx & =&

A

>

A

spleen %] homogenates®} &33te] PCRS 3&}¢] stability testE
3 A3 DNAS &89 HAA:x= 1st PCR R detection™ A kit
2nd PCR Ao %= A& detection® 4 1t (Fig. 7). ¥hdo] DNA
7} obdl viral particle?t £33 HAd A= FE M=E e o
24 AAE 37FA ppl, pp2, pp3-E5F host =2 WA replication
o, DNAEZRF EA]st= Aol oyl virus particles 43S st

o,

Fig. 7. PCR of Mixed homogenates and FLIV-1 DNA or FLIV-1
virus. Lane 1,2 : 1% PCR detection of mixed homogenates and
FLIV-1 DNA during lminutes and 10minutes; Lane 34 : 2™ PCR
detection of mixed homogenates and FLIV-1 DNA during lminutes
and 10minutes; Lane 56 : 1% PCR detection of mixed homogenates

and FLIV-1 virus during lminutes and 10minutes
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2. Repeating sequence ¥ polymorphism 4]

A= gl siatel ek siFel &2 § FLIV isolates® L ¢
83l I el K2 region 971 Ee] X9 repeating sequence
(RS)E vlx, A&ttt Ead BE isolates® K2 regionol| A e}
+ polymorphic particlesol] ™3t #4415 98] % 37FA] major multiple
amplicons& sequencing st ©]E &3 ppl, pp2, pp3 Z+2He] A71A]
d FxE AU (Fig. 8). Repeating sequence™ 69 aa (amino
acids) (F1) ¥ .60 aa (F2) ¢ 27FA ofm=Al Mdo] AU
deletion¥] = trepeating region H.t} A F-9]9] 43 aa (FO) 7} =A13d S
W, o2& ofm At Aol FASHA Fl¥ F2ullol % Sles s
o} EE strain®] pple #2438 A3}, variabledr minor RSel| 2]}
seperation. ¥ = RS fragment®] w €] wg} 3714 polymorphic typel
2 Y= 7 Atk 2479 typeol ®Hisll 7HE 2 length®], polymorphic
particle 1 (ppl)& . #43% Ay | FLIV-1-ppl¥ FO-F1-F2 181
FLIV-2-ppl< FO-F2-F2-CH*1-ppl= FO-F2-Fl o= wIdds &
Q13 2L reference sequence?l TRBIV (GQ273492)= FO-F2-F2 &=o =&
i = o] wj o] FLIV-2-ppl¥ 22 Ald29ds ERlsiL o= oy
particles & 349 particle?t &213k A 4 Al & FLIV isolates
o A YERFE ppl, pp2, pp3e A4 w4 2
Ak 1 F-99] deletion (£+ addition) o 2|3 lengthe] #FolE H
ol 9l&e Felstgitt. FLIV-1 (polymorphic type 1)¢] A9 pple

FO-F1-F2, pp2+= FO-F1, pp3& FO, FLIV-2 (polymorphic type 2)¢] 7

3}, repeating region®| &

r|

<% ppl< FO-F2-F2, pp2+ FO-F2, pp3+ FO, CH-1 (polymorphic type
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79 pple FO-F2-F1, pp2%& FO-F2, pp3i= FOo wjd = o] Fol A
Vae Gdstdt vl 2k, B typeol A9 pp2e pplell B ko]
F1 T3+ F29 deletion, pp3& FOWF =A13tH Fl, F2R % deletion® &
o] DNAS ¥33}+= viral particled S ges 4= ). Eojx o=
Tl A 2 AE CH-1 isolate®] X polymorphic particles®} <=
turbotoll 4 #2 ¥tk B a¥E TRBIVAl AW FO W minor deletion (3
aa) °] YEYIL &S B F o] oy 5EAHAE Tl A= YEUA
ga TooAT Yeus Zew FAHAGY R olYd F
strains®] 3 aa minor-deletions Al ¥ slils= FOF FHHR ofm] =4k
2 deletion® A &3 2.2 F13 F2%F major deletion®] YElY+= A
golstd oy, EE K2 regiond deletione F=°] ®j¥o] YAl 3n

nucleotides 2 “ER} 2 9] Arl= PCRLF7 ofES &2stA A

H

X
e

g

o

stolsk = gldrt. =3 PCR ¥ WEUE amplicon® #A7]9d% band

2
pattern &¢17ko 2 = FLIV® polymorphic types 4

IR R A
Fol o]= 9| A sequecings F3H A vto] 7lEdkS 3ol Tl
B Ao = Zsubgroup™® repeat region £A4 Hlaz WS A

AlA BYUHY B 28t theFst subgroup?] iridovirus isolates<}
genbank®] reference sequence= ©|83| Megalocytivirus ORF-2
repeating region W¢] RS9} polymorphism patterng ®413tith (Fig.
9). &AM A3 subgroup IVe] #2413 st/ Subgroup 12 3o
isolates®} 37} 9]  reference sequence (AB104413, AY779031,
AF506370), subgroup II+= 18 isolates®} 37} 2] reference sequence
(KC244182, AY894343, AY532606), subgroup III:= 7 isolates®} 1714 <]
reference sequence (AF371960)& olv|i=At A d2 W3tsle] #2435 4

W= vy 2l WA 2 E subgroup® repeating regionol] thal B
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A3 A3 major RS moiety &d0]%9 HH%EH (FO of Fig. 9-1)

minor RS moiety ¢} 7] Ht} th3k repeating regions HA S &

o

218k = AT AwbRe] wzbAl vl g FA]E minor RS moiety 9]
TTTVAE major RS moiety Alololl A 2743] P} TZ o] Fo]x thk3h
moieties®] &3le] EElFHo] YA Fuk

major RS moiety+= subgroupitell FAFES @218ttt FO ¥lZ2 v

T
1
Lo

A HaE EA

i

F

o £ %3 repeating region® 2z} RS fragment:= subgroup I, II, III°] 3
7FA] (F17F3), subgroup IVell 27}4] (F1TF2)7F EA1dlom™ A2 tpekst
Al arrange ¥ ©] polymorphic particlesE FA 3L AN, subgroup
Zkzkel RS moiety= A= FARSI Stu B4 ZolE E i
Subgroup 2= HE A9 moiety?d ' similarityS - 2437 & 7t
subgroupoll A1 Al # =7k Tl A H o2 WekrzE g2 2k representative RS
fragmentE 1A 3R Y Subgroup LIl IV Fl, I F2°] major RS
moietyS A A3}e] subgroup W fragment?Fe similarityS #2413 23}
subgroup I 90.48-100%,“subgroup II+= 92.5-95%, subgroup III+=
70-959%, subgroup IVi= 97.67-100% = t}%dsk A et subgroup IV
o] fragment?t zto] 7} 7b&-2AF¢kal  subgroup 7} 7V4 Zlch w3k 7z}
subgroup ¥ representative RS fragment?}2] similarityS 43 24
+ subgroup I, II 97.5%, subgroup I, III 97.5%, subgroup I, IV 90.79,
subgroup II, III 1009, subgroup II, IV 88.37%, subgroup I, IV
83.72% % e S ™ subgroup IVE o]# 3t similarityd] & =}o]7F vt
< HdAde SAY #ANE Aer FAHEY. 5AAeE
EEEDEYDCPEYE ofv| =4t €2 2= subgroup® major RS moiety

Hel BAeA EATL FAT 5 AAT o9l A5 AL FA
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subgroup I, I+ #3 BE isolatesol 4] FO-F1-F2-F3 ¢ 3 7}

["O
o

A vl o] particleRts 818 = A3l reference sequence?] Al
M 43 23s g9 5+ o] polymorphism F/go] WEFLFA o
= How FAHAY. olet= ¥ E  subgroup I, IVIAE EE
isolatesoll Al deletion®ll ]3] thFs AJE~ WS A polymorphic
particles”} detection ¥ 13l H3dF Zb isolatesv}t} ©] 23k polymorphic
particles A2Fell 2]3}o] thF3k polymorphic typel @ YERES Eels)
ATt (Fig. 9-2). WebA subgroup I, II&= G5, x99 RSx}o]7l 79
$lo ™ multiple particles ¥7& H o] polymorphismo] W75 %] &+
7102 Mol eyolution T+ change”’} hostt}b 7ol wa} FAEA W
3etA] g o FAH=EU thik.subgroup I1&) FEAlo] QoA
reference sequence®! RBIV-KOR-TY1 (AY532606)2] E37} deletion®
FO-F1-F2 wjdo] genbanke] S A E ZAS & Hol single patterns X.9]
+ subgroup 194 = polymorphism®] 7}eAdeo]l &A1 & Qs AL
HA3 wjAle F=-gloh olel= EEl subgroup LI+ #3]3F isolates2}
reference sequence 55 FO, F1, F2, F3¢] %3O & ofFo]z t}Fst 7
7}A1 2] polymorphic ~type®ls 7= %131 single patternt-E multiple
patternZ7FA  thekstAl UEO MW subgroup IVE  E#]3 isolatese}
reference sequence X7 FO, F1, F29] Z3to & o]Fojx HLA A 3k
5

3 subgroup I, II

>

121 37FA1 9] polymorphic type©] HAZ=E At} ol &
= 2y, subgroup I, IVY ORF-2 gened A=t}

4

S

polymorphism& YElHE Ao g Hol viral DNAY evolution &
change7} HlaLd HA dojd F U&= Aoz FAHFEH o]zt ORFU
9] repeating region®l 4] YEIYE sequence®] addition =& deletiond

&2 YA ouE e 5 Qe TheAde SR A HstE &
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¢

A =}

o] Axg TSl A% A, subgroup® ORF-2 gene?
polymorphism patterns &3 single pattern= WEMH+= subgroup I, II
9} multiple patterne YEFW & subgroup III, IVE groupingst 4+ AR
1, o] 3 EF+ ORF-2 gene? subgroup?t homology 41 % 3jA
T gold 4 9l (Table 3). K2 regione RS moiety?] deletion® &
Ql3te] homologysE AT & $lA7] wWiioll, K2 regiong A &A1
ORF-2 gene N-terminal region®] subgroup® homologyE #2413t 4
7}, major capsid protein®l 41 2] homology+ subgroup?t 96.55798.28% =
aux] 2 zpolE HolAl gk HbHo| ORF-2 gene N-terminal region
9] homologyE 820879542 %= Vs AolE rBIowW I F
subgroup I¥} subgroup 7} 95.42% = 71734 =<tal subgroup 1%}
subgroup IV7} 85.20%= 2W A= . =90}, K2 region® polymorphism
pattern®l €J3l 2 groupL = w53 Ay} FAS A E BRI we)
A B AF M= subgroup-l, IIE Low various polymorphism group,
subgroup III, IVE~High various polymorphism group® 2 331

o] subgroup?te] Xsh LA Apol o) IsdS HolFE Adet &
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43 aa 43 a
FLIV-1-ppl LPTEPEHEEPEEEEEDECDCPEYEEETTTSAPPTTVPPPKRECKK - E . !lll 120
FLIV-1-pp2 LPTEPEHEEPEEEEEDEYDCPEYEEETTTSAPPTTVPPPKRECKKHTTTT PTEPEPEEPEEEEEDEVDCPE'.’EEETTTSAPPTTUPPPKRECKK g----- 110
FLIV-1-pp3 LPTEPEHEEPEEEEEDEYDCPEYEEETTTSAPPTTVPPPKRECKKK aa-Deleton - 41
FLIV-2-ppil LPTEPEHEEPEEEEEDEYDCPEYEEETTTSAPPTTVPPPKRECKKH - g 111
FLIV-2-pp2 LPTEPEHEEPEEEEEDEYDCPEYEEETTTSAPPTTVPPPKRECKKH - 101
FLIV-2-pp3 LPTEPEHEEPEEEEEDEVDCPEVEEETTTS#\PPTTUPPPKRECKKK 41
CH-1-pp1 LPTEP] K 107
CH-1-pp2 LPTEP] 98
CH-1-pp3 LPTEP 38
TRBIV(GQ273492) LPTEP 108
Saa 5aa S aa 43 aa

FLIV-1-pp1 E i - -

FLIV-1-pp2 = =  —=--=-=—=m—e- i - o PKLPTTP I QTPPPPSRKSEPVPPPAGKPMPEAPRHDVP | VSVWHTTERAPAARAPPQH
FLIV-1pp3 = = ----------————Gfaa-Peletion--——-------—--- ~PKLPTTP | QTPLPPSRKEERVPPPAGKPMPEAPRHDVP | VSVWHTTERAPAAAPPOH 103

FLIV-2-ppl  |[TTUAPITTVATT---——--- [ 'SA PPPH PKLPATP | QTPPPPSRKSEPVPPPAGKPHMPEAFPRHDUR | VSUVHTTERAPAAAPPOH 223
FLIV-2-pp2 - - LPATPI QTPPPPSRKSEPU_PPPﬂBKPHPEﬁPQHDUP| VSUWHTTERAPARAPPOH 163
FLIV-2-pp3 PATP| QTPPPPSRKSEPVPPPAGKPMPEAPQHDVP | VSWWHTTERAPARAPPRH 172
CH-1-pp1 i E P P : PATP | QTPPPPSRKPEPVPPPAGKPMPEAPRHDVP | VSVWHTTERAPARAPPRH 227
ERippg @ —————— . o — — OKLPATP | QTPPPPSRKPEPVPPPAGKPMPEAROHDVP | VSVVHTTERAPARAPPOH 160
CH-1-pp3 : — ———————_PKL PATP | QTPPPPSRKPEPUPPPAGKPHPEARDHDVP | VSVVHTTERAPARAPPQH 100
TRBIV(GQ273492) [TTUAPTTTUATT —=-===== PEEEEED L LPATP | QTPPPPSRKSEPVPPPAGKPHMPEAPQHDVP | VSWVHTTERAPARAPPOH 220
11 aa \ R B
FLIV-1-ppl ﬁﬁEKPHPEﬁPQHUERRPPﬁﬁFSQTEHPQHKUPUATUUHTPERﬁ'ﬂ’}ISDNEUPVUWIBEE.EEDDUHLGD| GGEMKKGGLSMG1 VI GSCMVAAAF IMFAT | GHLFFRFTRCGRYDTTTEP® 352
FLIV-1-pp2 HﬁaKPHPEﬂPQHUERﬂPPAHF'SQTEHPQHKUPUF\TVUHTPERATPT§DNEUPUUm-STGEEEEDDUHLGD| GGMKKGGLLMG I VI GSCMVARAF IMFAT | GHLFFRFTRCGQYDTTTEP% 292
FLIV-1-pp3 ﬁﬁBKPHPEﬂPQHUERHPPﬂHPSQTEHPQHKUPUHT%TPERHTPTSQNEUPUWQSTGEEEEDDUHLEDJ @GHKKGBLLMGl VIGSCMVAAAFIMFAI IGHLFFRFTRCGRYDTTTEP® 223
FLIV-2-pp1l ﬁﬁaKPHPEﬂPQHUERﬁPPﬁ.ﬂPSQTEhPQHKUPUﬁﬂ’VHTPERﬁTPTSQNEUPUWQSTGEEEEDDUHLGD lmKGﬁLLHGI VIGSCMYARAFIMFAI IGHLFFRFTRCGQYDTTTEP* 343
FLIV-2-pp2 ﬁﬁBKPHPEﬂFQHUERﬂPPﬁHPSQTEP\PQHKVPUATWHTPERP\TPI@&NEUPVUKQSTGE @HLGmﬂﬁHKKGGLLHGl VIGSCMVAARFIMFAT | GHLFFRFTRCGRYDTTTEP% 283
FLIV-2-pp3 ﬁﬁBKPHPEﬂPQHUERﬁPPﬂﬁPSQTEHPQHKUPUHTVUHTPER&IFWEUPm.? :S:TG LGDGGMKKGGLLMG I VI GSCMUARAF | MFAI | GHLFFRFTRCGQYDTTTEP*® 223
CH-1-pp1l ﬁﬂBKPHPEﬁPQHUERﬁPF'ﬁﬂPSQTEHPQHKUPUATVUHTPERQTPT@NEUWB IGEE‘EEDDAHLGDI GGMKKGGLLMG | VI GSCMVAAAF IMFAT | GHLFFRFTRCGRYDTTTEP® 347
CH-1-pp2 ﬁﬁaKPHPEﬁPQHUERﬁPPAHPSQTEHPQHKUPURTVUH'I'PERRTPTSQNEUPVUKQSTGEEEEDDRHLGD| GGMKKGGLLMGI VI GSCMVARAF IMFAI | GHLFFRFTRCGQYDTTTEP% 280
CH-1-pp3 ARGKPMPEAPRHVERAPPARPSQTEAPQHKVPVATVVHTPERATPTSQNEVPYVKQSTGEEEEDDAHLGD | GGMKKGGLLMG I VI GSCMVARAF IMFAT | GHLFFRFTRCGRYDTTTEP*® 220

TRBIV(GQ273492) paGKPHPEAPQHVERAPPAAPSOTEAPRHKYPVATVUHTPERATPTSONEVPVVKQSTGEEEEDDVHLGD | GGMKKGGLLMGI V1 GSCHVARAF I MFAT | GHLFFRFTRCGRYDTTTEP* 340

Fig. 8. Comparisons of repeating sequences of K2 region in FLIV viral gene.
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Megalocytivirus sub1-Fo
subgroup I Subl-F1
Sub1-F2
Sub1-F3

Megalocytivirus sub2 Fo

subgroup I Sub2-F1
Sub2-F2

Sub2-F3

Megalocytivirus sub3-Fo

subgroup Il Sub3-F1
Sub3 F2

Sub3-F3

Megalocytivirus Sub4-Fo
subgroup IV ~ Subd-F1
Subd-F2

Minor repeating sequence moiety

A N

Major repeating sequence moiety

4 EAEPEEPE-EEEDEYDCPEYEDDTTTSAPPTTMPPPKRECKKK 42

] mmmmmmmmm e T PT-TT PEEPE-EEEDEYDCPEYEN--[[ TSAPPTTMPPPKRECKKK 57
1 TPTTVAPTTT PTTTT PEEPE-EEEDEYDCPEYE[]--[TSAPPTTMPPPKRECKKK 74
1 TPTTVA--—-----—- TT PTTTT PE-EEEDEYDCPEYEL--[[TSAPPTTTPPPREIACKKX 6
1 EYDCPEYED-- ITSAPPTTVPPPRRECKKK 40
1 CPEYED--ITSAPPTITPP CKKK 58
1 PEEPE*EEEEEI PEYED--ITSAPPT CKKK ¢
1 PEEPE- EEEDEm EYED--ITSAPPTTTPP KKK s6
1 BRQ—EEEDEMP YED--IASAPPTTTPPPKRECKKK 4

APPTTTPPPKRECKKK 32
APPTTTPPPKRECKEKK 61

Ll EEEmm——
1 EPEHEEPEEEEEDEYDCPEYEEETTTSAPPTTVPPPKRECKKK 43

1 TTTT———T‘ -T——TT'-’TE“ R YDCPEYEEETTTSAPPTTVPPPKRECKKK 61
1 —TTT---TTTTVAP-- - TPTVAT==-—---—-— T P

DEYDCPEYEEETTTSAPPTTVPPPKRECKEKK 49

—

Fig. 9-1. Comparisons of repeating sequences of K2-region in megalocytivirus subgroups.
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Low various polymorphism group High various polymorphism group

Subgroup I Subgroup I Subgroup III Subgroup IV

Typel Type2 Type3 Type4 Type s Type b Type? Typel Typel Type3

el || FoeFFeR | || FocFleEsEs | | | FosElE2FIR | | FosRsR2eR | | FosFLEeEL | | RocEisReRl || FosFieReRL || FosEim || Rosr2emn || [ FosFisR2 | [RosEzer2 | [ RocReRL |

pp? [Forierem | [roaForz | [moemn | EES EEI N EEN EEN B EE R

p3 EEEA | Fo>2 | E

RSIV RBIVKOR-TY1 ISKNV TRBIV
Reference (AB104413) (AY532606) (AF371960) (GQ273492)

sequence
| Fosper2era | | | FosFE2 |

Fig. 9-2. Comparisons of polymorphism of ‘K2-region in megalocytivirus subgroups.
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Table 3-1. Homology of N-terminal region of ORF-2 amino acids

among Megalocytivirus

RSIV RBIV ISKNV FLIV
RSIV 100% 95.42% 83.75% 82.18%
RBIV 100% 83.60% 82.08%
ISKNV 100% 85.20%
FLIV 100%

Table 3-2. Homology ofimajor capsid protein among Megalocytivirus

RSIV RBIV ISKNV FLIV
RSIV 100% 98.28% 98.28% 97.54%
RBIYV 100% 97.54% 96.55%
ISKNV 100% 97.78%
FLIV 100%
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3. RUEH "L %53 FLIV isolates ¥4

3.1. FU 9 FAs|itojol A E2)E FLIV isolatesd ¥4

2003720123 9] ®AA ol YgiH = ofFel g oA F et
AT RYUHY A5 Sl e salek daA e sfitolddl A 14F
o] FLIV isolatesE w2ld 4 AUtk (Table 1). ©]& K2 region®l| Ul
3 PCRS 3 Z3¥ 1st PCRolA detection %3+ 7 A7} 7%, 2nd PCR
o A detection ¥= HAA 7ol EE ZHAA ppl, pp2, pp37t &
T A3 multiple amplieons 7kel g 4= 912132 band density I
=

= RGeS skelslgit). &3k batch uWl© Zb individual fisholl

= Fd3tA pplel pp2,.pp3°l Hlsl tha

o153} th A% band density= A E ool virusell Widk 1% PCRe Z
Yo} vl gs i, pple] EolAQl density ¥ Holx vt Y
o= B flat fish 7 o Zxvhe] (Platichthys stellatus) 7+ o]0l
A E&9  08/13FLIVas-gis A YstH 14%F 9 isolates EF {A At
SHAIUE Aol B AE ESoldor  flat fish fox  ujol

q4E

gu)
[}

4

juz

(Sebastiscus marmoratus), 23 &2 (Sebastes schlegeli) 12|31l
o (Lateolabrax sp.)°llA &7} HAqom A7IA4E 4 A3} &3
2 MCP gene?| Woli= IA gl
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3.2. Ui HFeA B2 E FLIV isolates 4]

20099 H-E 20139 7FA] monitoring 3+ 382 batch® 3|FE MCP gene
of tfs] PCRS 3}¢] monitoringo] thal 213 A3}, Megalocytivirus
£ E% 80 batchol A detection ¥ o] 20.94%9] detection&S W o™
1 % FLIV isolatest 16&°] detection = ©] ZF 4.88%<¢] detectionE& <
Bt (Table 2). ©o]& T3] #FolA LAT= Megalocytivirus -l
Al FLIV7} detection® = Hl&o] 20%US ¢ 4 vl z28a o]
16 2] FLIV isolates o W3] nested PCRS %3 K2 regiong &
A3, B 7EA sampledl ]  #AEE HXA - BAA  wpole
polymorphism pattern¥ FF2 4SS YEWY (Fig.  11). 11F
sample> ZAE HA oA HAR uviolg =t U3 HHE vERHA
Wk 2% 2] sample single band= YEFWH I 3F 9] sampled] A+ double
band patterns &<13 5 QST o] H & T g FHES Hole W=

% FLIV-19 amplicono] "2 % E8% = amplicond S sHel

o,
o I

N

e
30

o~
T

f

At o= A2l pplypp2, pp3 DNAE 7F2 virus particle©] 35~
ol =3ttt 7t g5t filter feedingd] <8 A2 o] =%
1

o

releaseX o

2
>,
iy

o]
ASHA H= Ao = ppl, pp2, pp3d virus7b 22 WE hostE
T dSE 9ust o /7o FHFoA TAE FLIV isolatesttol= 54

3 MCPe| 947149 Fol§ HAT & A3, £F AF F Aol

N
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aT T2 13 14

1 2 3 4 5
FLIV-1 I2/07FLIV-ty  10/09FLIV-ph . 11/I0FLIV-gi.  08/11FLIV-ty
Viral
6 7 8 9 10
isolates
FLIV-2 08/12SFIV-ph CH-1 08/13FLIVas-ph 11/09FLIVas-ph
(fish) 1 12 13 14 15

06/10RFIVas-ty’  08/11SCIVas-ty 05/08FLIVas-ty  08/13FLIVas-gi

Fig. 10. Polymorphism of FLIV isolates in fish: Lane 177 : 1% PCR
detection of FLIVs isolated ‘from infected fish. Lane 8714 : 2™ PCR

detection of FLIVs isolated from asymptomatic infected fish.
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9 10 11 12 13 14 15 16

1 2 3 4 5
11/09sfFLIVoy-jh-~03/10sfFLIVoy-jh ~ 03/10sfFLIVoy-ty ~05/10sfFLIVoy-gw  05/10sfFLIVgo-ty
6 7 8 9 10
Virus isolates 05/10sfFLIVdm-ty 05/10sfFLIVba-gj 08/10sfFLIVoy-gw 08/10sfFLIVdh-nh*, 11/10sfFLIVoy-jh
(Shellfish) 11 12 13 14 15
11/10sfELIVoy-ty * 11/10sfFLIVoy-gj  01/11sfFLIVoy-nh  09/11sfFLIVba-ss  03/11sfFLIVoy-gs
16
01/11sfFLIVgo-ty

Fig. 11. Polymorphism~of FLIV isolates in shellfish. Lane 1711 : 2™
PCR detection of FLIVs.isoelated from shellfish.
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33. Ass &4

BoAFo A B3k 30F2 FLIV isolates®] MCP gene sequence2}
Genbankol] S A E o A= 1659 reference iridovirus sequencesE H|
o, #2413 A3 FLIVY| thalA 67FA sub-subgroupl @ Y= F UQ
o (Fig. 12) sub-subgroup 19+ 01/11sfFLIVgo-ty, 06/10RFIVas-ty,
08/10sfFLIVdh—nh, 11/10sfFLIVoy—gj, 05/10sfFLIVgo-ty, 03/10sfFLIVoy-ty,
11/10sfFLIVoy-ty, 08/11SCIVas-ty, 08/11FLIV-ty, FLIV-1,
03/11sfFLIVoy-gs, 05/10sfFLIVba-gj= 12, sub-subgroup 2°l+= CH-1%
2 1%, sub-subgroup 391 05/10sfFLIVdm-ty .= 1%, sub-subgroup 4°l
= 12/09FLIVas—ph, FLIV-2, 08/13FLIVas-ph® 2%, sub-subgroup 5%+
08/12SFIV-ph,  08/10sfFLIVoy-gw, = 10/09sfFLIVoy—jh,  11/10FLIV-gi,
11/09FLIV+ph, 03/10sfELIVoy—jh, 11/10sfFLIVoy-jh, 09/11sfFLIVba-ss= 8
Z, "X o g2 sub-subgroup 691 05/10sfFLIVoy-gw, 12/07FLIV-ty,
01/11sfFLIVoy—nh, 05/03FLIVas-ty, 08/13FLIVas-gi= 5%2] FLIV isolates
b ASAeR ERzk Hdh e A B3 1659 reference
sequence®l| W3l 7 &4 +4S $ A3, sub-subgroup 19+ FLIV-E]
(AY633987), sub-subgroup 2° &= TRBIV.-(GQ273492), TRBIV-R603
(HM596017), sub-subgroup 391+ FLIV-]J] (AY633988), FLIV-PH
(AY633992), FLIV-JH] (AY633991), FLIV-]JSY (AY633989), FLIV-SS
(AY633983), FLIV-]JJY (AY633990), TBIV (AY590687), sub-subgroup
4ol = FLIV-DS2 (AY633981), FLIV-WD1 (AY633986), FLIV-WD2
(AY633988), sub-subgroup 5°li= FLIV-DS1 (AY633980), FLIV-YG
(AY633984), sub-subgroup 69+ FLIV-MI (AY633982)% &% 3t}
o= AYAeR FoAdd AE YeH = sub-subgroup 12 3,

sub-subgroup 2 &=, sub-subgroup 3% T2 AFE,
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sub-subgroup4, 5= T2 ¥3l, sub-subgroup 6= Fa e HajolA H
¥ JA=Z 7424 #2757 ¥, 53 T2 15Ul virus sequence”f
THlo] 7heehe &el3tltt (Table 4). B3 MCP gene 5ol ths] zt
AA el polymorphism patterneg Hlulg 23, ool s A
t}. FLIV-1 typed sub-subgroup 1. 3, 5, 628 EHFH ZF 25%F9 A
A, FLIV-2 type< sub-subgroup 49| 3% 2 A<t sub-subgroup 59
Aol Al Eegh AlEQ 09/11sfFLIVba-ss7HA & 4%<] A, CH-1 type
2 sub-subgroup 29| 1F9 HAZ /7T T AATh AGHA EA el
host 2 z}o]= Q18 -3, dEEZ B3t x99 AF= sequence

’

o Wol7k 2 gleS Selssik
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81

|

15

a0

03/11sfFLIVoy—gs
08/10sfFLIVdh—nh
05/10sfFLIVgo—ty
06/10RFIvas—ty

05/10sfFLIVba—gj

95 | 0B/11FLIV—ty

E
E
3
0

E

100

100

FLIV-EJ AY§33987

{FTHEP-:—RSOS HM596017

B4 TRBIV GQ273492

03/10sfFLIVoy—ty
FLIV—1
11/10sfFLIVoy —ty
01/11sfFLIVgo—ty
08/11SCivas—ty
11/10sfFLIVoy —gj

72 GH-1

LIv—JSY AY633989
LIv—PH AY§33992

Liv=JIY AY633990
5/10sfFLIVdm —ty

—— FLIV=JHJ AY633991

LIv=J3 AYE33988

—— FLIV-SS AYA33983
M'Telv A2166728

FiFV-DS2'AY633981

g4 |08/13FLIVas—ph
12/09FLIVas—ph

FLIV-2

FLIV-WD1 AY633988
FLIV—WD2 AY6 33885

93 FLIV-YG AY533884

79

09/11sfFLIVba—ss

-~
=

FLIV—DS1 AY633980
10/09sfFLIVoy —jh
08/12SFLIV—ph
03/10sfFLIVoy—jh
08/10sfFLIVoy—gw
11/09FLIV-ph
11/10FLIV—gi
11/108fFLIVoy—jh
08/13FLIvas—gi
01/11sfFLIVoy—nh
FLIV—MI AYB33882
100 (12/07FLIV—ty
05/10sfFLIVoy—gw
05/08FLIvas—ty
RSIV Ehime—1 AB0OB0362

RBIV-KOR-TY1 AY532606

ISKNV AF371960

—
0.005

™ Sub-subgroup 1

~ Sub-subgroup 3

— Sub-subgroup 4

Sub-subgroup 2

— Sub-subgroup 5

— Sub-subgroup 6

Subgroup IV

Flg. 12. Phylogenetic analysis of nuceotide sequence of major capsid
protein (MCP) gene. The numbers indicate the percentage bootstrap

support for each node from 1000 replicates.
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Table 4. Distribution of FLIV isolates

Sub-subgroup Sub-subgroup Sub-subgroup Sub-subgroup Sub-subgroup  Sub-subgroup
1 2 3 4 5 6
Isolates 01/11sfFLIVgo-ty CH-1 05/10sfFLIVdm-ty 12/09FLIVas-ph 08/12SFIV-ph  05/10sfFLIVoy-gw
() (China) (s er ey er
06/10RFIVas-ty FLIV-2 08/10sfELIVoy-gw 12/07FLIV-ty
(s er er (s
08/10sfFLIVdh-nh 08/13FLIVas-ph 10/09sfFLIVoy-jh 01/11sfFLIVoy-nh
(s e e ()™
11/10sfFLIVoy-gj 11/10FLIV-gi  05/08FLIVas-ty
€ (S s
05/10sfFLIVgo-ty 11/09FLIV-ph  08/13FLIVas-gi
Sy (S (S
03/10sfFLIVoy-ty 03/10sfFLIVoy-jh
or (S
11/10sfFLIVoy-ty 11/10sfFLIVoy-jh
or (S
08/11SClVas-ty 09/11sfELIVba-ss
(S)** (W)***
08/11FLIV-
il
FLIV-1
o
03/11sfFLIVoy-gs
©n
05/10sfFLIVba-gj
(E)
Reference FLIV-EJ TRBLIV FLIV-JJ FLIV-DS2 FLIV-DS1 FLIV-MIL
gene (S (China) (= (S (Sy e
TRBI=R603 - FLIV-PH FLIV-WDI FLIV-YG
(China) (e (2 (W)=
FLIV-JHJ FLIV-WD2
(= (E)
FLIV-JSY
( J)iddd(
FLIV-SS
(28
FLIV-JJY
( J)*i*i
TBIV
( J)iddd(

* Isolates from East sea

* Isolates from South sea
“* Isolates from West sea
“** Isolates from Jeju island
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4. in vivo &2 A3

4.1. X X}F A passage A F

2 A= Rock bream¥ olive flounderel Z+Zt FLIV-1, IVS-1&
challengeslo] K2 region®| th3F polymorphism pattern, #HAME 18]l
viral kineticsE ® 4t WA PCRS $3 subgroup IVS! FLIV-12 =
=9, subgroup II¢] IVS-12 gxlo Haf] 74 Jetlitt= A8 &
AstArk. @i FLIV-19] rock breamel et &4 233 IVS-19]

A

olive flounderel th3+ FZAA& ES polymorphism ‘patterns
sample®] QFA3 Aol fgle] TdE HFAH= Zom UEWT (Table
5. g IVS-1S HA% E5¢ Aldlst FAAANAE IVS-1+ HE
A sampled} 2] single band patternS Ho] W3l 1S Felsly
t} (Fig 13(B)).

2 Ao A= ¥ 39 passageEs A% polymorphism patterno] ¥ 3}
ol FAEHEA EX357E 28 rock breama} olive flounderol thajA]
AL A passage sAAA S HAASAT (Fig 13(A)). 33744 AA &
passage d oA rock bream, olive flounder =% A {13,
polymorphism pattern®= ¥ 3dtglo] original sample?} &3 A4S
E}lWith. Repeating sequence®] wWr7]Z<l wWHolo] tfsk &S 9] 3rd
passage g F2F viral DNA2 K2 regionel] w3k A|E2E &
23sk A3} original sequence®} M1 gS W] repeating sequence®] tj g+

Wol glee Helshgith
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(B)

Fig. 13. Polymorphism of in vivo passage. (A) Lane 177 : Passage
test samples. of FLIV-1 in flounder. Lane 1 : FLIV-1; Lane 2, 3 : 1%
passage test samples;.Lane 4, 5 : 2" passage test samples; Lane 6, 7
: 39 passage test. samples:-Lane 8 14! Passage test samples of
FLIV-1 in rock bream;-Lane 8 « FLIV-1;-Lane 9, 10 : 1% passage
test samples; Lane 11, 12 : 2" passage test samples; Lane 13, 14 :
34 passage test samples. (B) Lane 1 : IVS-1; Lane 2,3. in vivo 1%
passage Samples of IVS-1 in flounder; Lane 4.5. in vivo passage
Samples of IVS-1 in rock bream
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Table 5. Results of in vivo passage

Variation of
Fish species Amplicon pattern Passage Detection rate Mortality

polymorphism
FLIV (multiple) Original 100% 0% Not changed
Olive flounder Ist passage 100% 0% Not changed
(Paralichthys
2nd passage 100% 0% Not changed
olivaceus)
3rd passage 100% 0% Not changed
IVS (single) Ist passage 100% 0% Not changed
FLIV (multiple) Original 100% 0% Not changed
Rock bream Ist passage 100% 0% Not changed
(Oplegnathus 2nd passage 100% 0% Not changed
fasciatus)
3rd passage 100% 0% Not changed
IVS (single) st passage 100% 100% Not changed
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4.2. Cohabitation A3

2 A AA AR JFAE 84S vteEoFo Adstr] 91s
Olive flounderE donor groupl @ A7A3sle] FLIV-1S injectiond}al
recipient groupl® % TE olive flounder®t rock bream= 4474 3}o]
cohabitations &3+ 79 &<} donor, recipient L8] AFS52] FLIV
of W3t polymorphism patternes W1, F2A3¢9tt. donor group,
recipient group =+ HA= YoJubA] &FSkal, recipiento] gk FLIV-1
9] cohabitations %3+ S olive flounder, rock bream 5ol 4 &
o1g = AAe™ polymorphism pattern® W3 g1dth (Table 6).
1st PCRel A 2] recipientolls ™ 8k FLIV 4 =& olive flounder’} 80%,
rock breameo] 30% %= WEFEaL, YEFFA €S sampleo] W8] 2nd PCR
= A3 A3 25 ASHIAY (Fig. 14). Als% 39 tFo=
sampling s st il 1 A= A3 AlF ¥ 12978 HJEH7] AlZst

A

o] 187k 2kl

.
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(A)

(B)

11 12 13 14 15 16 17 18 19 20

(C)
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(D)

Fig. 14. Polymorphism of FLIV-1 about Cohabitation test. (A) 1%
PCR results of flounder donors inoculated FLIV=1; (B) 1% PCR
results of recipient fishes. Irane 1710 Flounder recipients; Lane 11720
Rock bream recipients: (C) 2™ PCR results of (B) samples of no
detection. Lane 1,2 ! Flounder recipients; Lane 379 : Rock bream
recipients. (D) Polymorphism of sea water of cohabitation. Lane 178 :

3, 6,9, 12, 24, 28 days post. inoculation.
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Table 6. Results of cohabitation test

Detection rate Variation of
Fish species Mortality

1st PCR 2nd PCR

polymorphism

10/10
: Donor NT” 0% Not changed
Olive flounder (100%)
(Paralichthys olivaceus)
2/2
Recipient 8/10 (80%) 0% Not changed
(100%)
Rock bream 777
Recipient 3/10 (30%) 0% Not changed
(Oplegnathus fasciatus) (100%)

“Not tested
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5. in vitro 3 A9

5.1. in vitro passage 243

Rock bream embryonic celld]l FLIV-13 IVS-1S inoculationd}¢]
polymorphism pattern®] W3tE #2439t Cellel inoculationg 3}al
g F, 3UAFE FLIV-L, IVS-1 2E A3 groupdll A o]F 2 o2 H]
s A= CPE (Cytopathic effect)7} WER7] Al=kglar 9d 74 1 47}
AARo=2 F7tstH MxE AFEAIH o™ (Fig. 15) Polymorphism
pattern< ®#&k glo] 1 ZF A H ™S 78t H A % ppl, pp2, pp3 Z+H7t

o]

.

< Fe) " &= replicationsl= AS AT 4 AT (Fig 16).
B Ao = in vitro HellA ¥ 3 2] passage= 71 X %= polymorphism
pattern®] W3} glo] FAEH =R 2487 98 FLIV-1S Rock bream
embryonic celldll thal 33)¢] A2 A9l passage HEAIS 31t 1
A3} 33 passage Ad EF FLIV-19]  polymorphism pattern<
original sample® TEglol IidE2 FAEHE 2L s £ gt
(Table 7). ©]% in vivo passage 23 w7 =2 Repeating
sequence?] Wolo] st FAS 9|3 3rd passage°ol A ¥ FLIV-1
DNA<®] K2 regionel tfs] AlE2E 2243 A3} original sequence$} &

132 st

O
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(A)

RBE cell
1 Day post
inoculation

(B)

RBE¢cll
7Days post
inoculation

Fig. 15. Cytopathic effect of RBE cell. (A) RBE cell inoculated
FLIV-1 on lday post inoculation; (B) RBE cell inoculated FLIV-1 on

7days post inoculation.
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(A)

(B)

Fig. 16. Polymorphism of in vitro passage. (A) Lane 1 : FLIV-1;
Lane 276 : 1, 3, 5,-7,-9 days post inoculation: (B) Lane 1 : FLIV-1;
Lane 2,3 : Polymorphism:of 1% passage:; Lane 34 : Polymorphism of
2" passage; Lane 5,6 : Polymorphism of 3 passage

_55_



Table 7. Results of in vitro passage test

. Variation of
Cell Amplicon pattern Passage )
polymorphism
FLIV (multiple) Original Not changed
RBE cell Ist passage Not changed

(Primary cultured rock bream

embryo cell) 2nd passage Not changed

3rd passage Not changed
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Family Iridoviridae Genus Megalocytivirus= 19901 RSIV (Red
sea bream iridovirus)7} * 202 Hol¥o] My o]F t}Ud3k host
range®] it A ool T dioo A Be At @de] ey 9l
ok AR Al FAAAREFS] 20% ol 4 S AAstE Fo FloiF:d
WX (Paralichthys olivaceus) &9 flatfishol| Aol dd3t 4
=28 WA 7= ol Ente]H Q1 FLIV (Megalocytivirus subgroup
IV) o gk A7 vlaz et Al Fo ) x] gFar d= AA ol
Subgroup [IViE S oAl flatfishQl turbot (Scophthalmus maximus)2)
olg|kulo]el HAFe dis] HE&E HiE o]F= (Shi et al, 2004),
Sol = WX oA TRBIVSF -2 subgroup Vel 43l+= FLIVS 7+
Aol ofsted, 80% o]/l HAME HRIthE Rzt glew (Do et al,
2005), Holw ¥ AEvg oMo THEABIUE o]Fojxa gl
(Won et al., 2013). Zejy AA dxoM= gFT oA vl
So HAE S Hole Aow Yeiuya Qv gy o]#dk B 2]
H A olgmuto] 2] 2= 9] repeat regionol A WEFLFE polymorphism®] <A
T-¢} mlol#] ~ single isolateo] M2 FH T typel 2 W3} A
of tiaf A= A A BWol 53 AA o
Z <+ subgroup II°l 43F= PGIV (Pearl grourami iridovirus)el thzgh
Aol A REEQ 7] widol wel theFd viral particles”t @4 ¥ = Ao

Hyud #p 9low 1 IS t3st sub-viral strain® multiple
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infection®] <8t FHolgtar FA43 vb vt (Kim et al, 2011). o]+
&

pear] gourami %9 % oA AAE & ATFEA

o]
-
23 HolHE ez, gt Ko AdE of Fol thst viral particles

7F A3 tankW 2 FE2F & AAo)F{ol el Hil o] multiple
viral particles®] #EFHZ et Zolgh= F4olg. a8y Ak #
ool AL ¥ Fol A= oFlAR Fd3 FAHo] 4E&H=A= &
A7FA] vlal AE @©@ v gloy, 2822 B AFo| A = subgroup IVE]

major strain®l FLIVAAM X Th3sE vbEAde] 93t multi-type viral
particles A A 3= subgroup HI9F #-& E5A S el =X, 28] 1
FORIAE ezt &gl ol & 98l # A= dAS 7t
T QoA AL sfikelot AR RE o] &3k XA o] g EHtol
o

BEUHHS AAsEA L, o] Ed 23k isolateso] W3

J|m
o,

S
T

off
2

v
l>
rﬂ

repeat region2] E9°]&<Ql polymorphism pattern¥} 7% 2Asx el &
Al ATE AAea |, B 34 HEdde s o WstE £
A, o]l Erko] 8} 2 polymorphism @&C] §H4 EA4& H3vhe= o
om 7k vk & F drk

2 ATe Il 9 923 Agotel A FLIV-1& &3l
AZ4 virusel Al ORF (open reading frame)2] 3'-ZeH-9jo] &4 3=
repeat regionq! K2 region®] 5°]4<l polymorphism @d7& 13+
ow oo W FRYS AL AR=E B, EA5AH (Fig
4). kA Kim et al. (2011) SFadoid LAst= ol mntol e 23t
oAZFol dclAel PGIV (Pearl gourami (Trichogaster leeri) iridovirus,
subgroup III)e] K2 regionolA YEIY}+=  polymorphism @Atol] o s
Bk vf QA B AFo A o]= subgroup IVQ FLIVO] & -8 A+
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3tel3k Aol Z multiple major amplicond] AlEAE B3 Ay

)

1168bp, 988bp, 781bp 374 A|A2~E A& F YN, ZH7te] A|AXE
FLIV-1-ppl  (JF918538), FLIV-1-pp2 (JF918539), FLIV-1-pp3
(JF918540)eFar ™ 3slal NCBI genbankel] S %3Fth. ppl, pp2, pp3
7247k R FLIV-1 K2 region® A#A~=Qa, Alf2~ FHEE9
deletion®ll 2l&] =7|7} €23 37}#] DNAG ow, webA K2 regiond]
polymorphism @742 &d3 HHe A=z g2 A7lE 7R
Polymorphic variants 3&©¢] 74 ¥e| YElY= AYS g2lst3
o]2]%k polymorphism &gl dla] 2 7HA] Sl e WA
repeat region< template® 2 3= PCRS Taq polymerase 2F & <13
okt = 7]9) multiple ampliconS A& = 9l7] wiFEol ppl, pp2,
pp3 amplicon 2472t EFgt2n| =9 ArQdsk 5 7S template 2 3}
o PCR& sttt L 23, ppl, pp2, pp3 ZA4 A9 sized BtA
single band2 YElY PCRe 2FE ofES &AAAu (Fig. 5). o

© 2% polymorphic variants?} B wviral particleZ% FE A=A =
A X7} particled @AISA 353l naked nucleic acidZ W £33 =A =
g13t7] $13dl stability. testE ask 3 2 23} ppl, pp2, pp3 EF
viral particle® & &<Q1e & AJT (Fig. 6). "kATFo 2 Hd7]Fs A3
= B9 pple]l 7F4 A3k amplicon densityE YelE €1 Az

7} A=), o]2]3 &Ao] polymorphic variants ZFzte] concentration

2719 interactiono] 93 PCR ZA#AAE 3helstr] 93l

)
S
["O
D
X

27+ S A ZH A EE FUd T2 23 ¥ O4 S template
o2 PCRE Aldst 2y 5 FA3 H]-&29 multiple amplicons &<l

st 4 AT a2y E=2E o= Fd| o]# 3 band density pattern©]



concentration®] z}old& AR S F U FHEA AHeElE| A

FLIV-12 hostell #9S €9z %, concentration® =o]lE Ho|=

i

ppl, pp2, pp3 viral particles”} replication ¥ ¥, °o]E< =5 PCRS &
& detection 7} ¥ Ao AEAS F AU
Repeating sequence (RS):= 13} Ao sk A4 1

Az &8 w7F FA35 =t Human genes ¥3F3F thofslk £o 2
A FE gene W TRS (tandem repeat sequence)= A=} 7H2] 2=}
gl A e F5EQe] §dA4 AR &8 Ha 9l virus
gene W] TRS+ viral genotyping Gol &-8&%t} (Rita et al, 2010).
s vlely 2 A dFHALIE FEskE WSSV (White  spot
syndrome virus)Zt  ORF  Wl¢] = F® 9|t - TRS7  H i o]
PCR-genotyping®l] &-8% 7k ol d} ancestor virus®] -2} nvlo]e
29 &y olFel whgk AFolME 0l8Hal At (Dieu et al, 2004).
SR HE B odqto A 3kl 3k viral gene®] ORF W repeat regionol A
Bt} = polymorphismell ek Ba BhAl 23 virus -+ ATl A RS

9] addition %=+= deletion®] 2|3+ multiple viral-particles®] A7 ol

ro

pra

kT

2
e K

rr
M
1

o], o|2}3 polymorphism-<=Hpe]2j=e] 713} 1k %

Az
g9 5 Ae Aoz Az

2
e =
4

o A= iridovirus®] ORF-2 gene? repeating sequencesS 4]

¥+ repeating sequenceol A YElYE=  Eo]& <2l polymorphism]

patternS &-g3to] X920 Z groupingo] 7Fsdk A, T3 FH X v

24 wpo]ly 29 sources otst=t] &8 Thedh Ao o

el 2003 H-H 201397k A 9] sfiabol el Sl d ol digk 2y
d

gy A2 ANSA sl Fe T2 7

ol
Sh
1z

ol
o
N
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d
E 25 e (Table 1-1), 3Fl A detection ¥+ 4% host
NMFEH  FE  released virusZ7b <A el W H 7

filter-feedingoll 93] AAHE virusE: el

s

AOZH, olF
detectiond}”] &) #F<9 midgut glands Ee3te] nested PCRE &
1ekA Tt (Table 1-2). sjAte] 7ol 14, 3rolA 16F, & 30F°
FLIV isolatesE &&l3 =+ Ql3li, EYEHY A3 #F F 328
batches % 80 batchese] Al&A MegalocytivirusE detectiond}o]
Megalocytivirus 743 & 2439% = thEl o™, =1 % 16 batchesol A
FLIV isolates® detection 3t ¥  FLIV fH=&2  4.83%,
Megalocytivirus & FLIV AE82. 20%% eyttt 30%2 FLIV
isolates 5% MCP genecll thalA sequencingS 2 A)&te] B4315 0
] 16% 9] reference sequenceE EFA A AEFE AFEAvt (Fig.
12). Als4E A% 43 6714 sub-subgroupl & Ye F UL =
T A9H FoAE BYS GAF 5 ATk (Table 4). sHA=F A&H

Aok o] o} 3 o] A

o
__):1_19
lo
=
o

4
e
2
o
rlr
fa
r o
et
-
£e,
32
M
J|m
ol

A%l FLIV o]l dojur] el A sl e] FFlA WA
detection® At} 7ol dojutxm W & A g FFoNA AL
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=9l 10/09sfFLIVoy-jhel 2009 11€ 323 dxFa e o]
11/09FLIV-phe] #AE HWH g & A Fzeol A detectiono] = U,
R 2010 89 Ak Al Fekel =] 08/10sfFLIVoy-gwet 2010
W11 FARE A 1Y gAYk 2ol e] 10/10FLIV-gi,
2011 39 Adds 14 F=e] 03/11sfFLIVoy-gset 2011 8¢ 474
T T XS ol 08/11FLIV-tyol A= A 2 & o
A oolg & wlo] Y A& detectiondtil A= A AT F Ak 20099
11¢ =3 gAe ooy 2010d  3€ Wk e
03/10sfFLIVoy-jh7} A} 543 FLIV isolate’} Al WA H
2o WA Fem AL AT G HFel Hokde F Avs &
& AU o= HF{FEvirus® camier=4 9 7HeAd S AlALskE A
ot} ofel] wia A AFAHeE FIHHQ] AFE S AV 24
da7t Arh

T3l K2 regiono] s = EE| FLIV isolatesE A skda, 1 4
I Fol A EeE B2 BAAE ALl e HANA ppl, pp2, pp3E
5 333 polymorphisme &1 4+ Jdh-(Fig. 10, Fig. 11). °|&
R sequencingdtal, o H| W - @ISk A F 37FA  typed
polymorphismo] &3S S1E = AJT. Foo A CH-1 type, =4
o 5 FLIV-1¢} FLIV-2 type, % 37} types &RIst%iL, ol € 71A
A3 otv=Atow WMEAZ F Alal £49 A3 ZF oppl, pp2, pp33tel
amplicon =7] =Fo]= RS fragment®] deletion (¥+= addition) ° 2]|3gk
ZAolASS Fold 4 At (Fig. 8). Repeating sequence: 60
aalamino acids)®} 69aa 27}A17}F AP o, pple A+-Z typedE =z &

Al H CH-1 typee 60 aa, 69 aaso =, FLIV-1 type< 69 aa, 60
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aa 2% FLIV-2 typed 60 aa, 60 aasc % RS fragment”} ®¥Hi&-% 31
ARG, 2 T3 CH-1 typeel 49 K2 regione] ZWHi-o| 3 aa9l
deletion®] &A]d+=d], ¢o]= TRBIV (Accession no. GQ273492)) 4 =
et Ao Hop Taoa s FLIVE A 94 5449 Ae=
Helth 12]3 RS moiety 7} ©&sHAl RS Weoll EA45F= RS &g
T A
T3k MCP gene +F
st Ay, M= A#ABAAT AdS Slskdt. FLIV-1  types
sub-subgroup 1. 3,5, 622 ®FH F 25%9 A, FLIV-2 type
sub-subgroup 49 3F 2] AA S sub-subgroup 52 Aol F Tk A
22 09/11sfFLIVba-ss7HA & 4] AA, CH-1 type< sub-subgroup 29
1% AA= 73 5 Atk o= 974937 polymorphism pattern
A2 iridovirus® =7F ke HAH S B3 ol o] A A
olF 3o -&E&E F Ue= HAFE Aol i RUHHS
&

]_

-

i

EH PSR TPl E O FS ST AAS $A

o
ol
i

M

ORF W9 RS9 addition® deletion< <F%] A& 7} =Rt

7ol WE Ak Fastth AztelAl ek RIS WA=

Y
iR

rl

-

herpesvirus®! VZV (varicella-zoster virus)ol A+ glycoprotein CE
coding3l+= ORF-14 gene W2 RS”7} pathogenicityol] ¥ojgttiar H
= 9lar (Sauerbrei et al., 2007), gammaherpesvirus¢! EBV, KSHV ujel
EA8k+= RS+ latency amplification, viral gene expression =& I
ofglttar By wh ) (Thakur et al, 2007). o7 wlolgl 2ol o s A]

% herpesvirus®] CCV (channel cat fish virus), iridovirus®] LCDV-1
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(Lymphocystis disease virus), CIV (Chilo iridescent virus), GIV
(Grouper iridovirus) We] RS7F Ha¥E o™ (Robin et al, 2000;
Fischer et al., 1988; Samalecos et al., 1986; Tsai et al., 2004), GIV<]
RS+ ¥ 2 recombination¥} genomic rearrangement -+ 3rthal H ¥
LI

HoAGro A FAJ3%F K2 regione Iridovirus® Laminin type epidermal
growth factor like (LE) proteing codingdl+= ORF-2 gene 2 &<
repeat region©]t}. A|Eo|A el laminine cell adhesion, growth
migration, 18] 3l differentiations % ]38t basement membrane A7
o Fo84i=% #L3fal, o]lE wE SR viral DNAY. <53 d LE
protein viral host specificity ¢} replication & =9F% #Ho| 91S #o]
2t FAECG (Do et al, 2005). E3F cell-to—cell spreadd] ¥¢s}o]
antibody s 9] host WHIS- O 2 BBl progeny virusS H. 3314 viral
replications & 4 7] W&ol ] wviral pathogenicity®t®= 3%
genel & AZtAEt) . wzpAolg] = BvFolz) <9 ORF-2 gene? Zeto
Z73l= repeat-regiongl K29 polymorphism &3-S =31 2137 WHo)
of dg A= A9l TQetttL & gl

& A7} A = repeating sequence®] polymorphism @Aro] U ELpE
lofl ohgh Ak AQJNE W wprb AR, A Wste] wet
viruse 2o wEA H-837] $3] genetic regulatione] Z Q383 1
A3 2 polymorphisme] YElHE Aoz 7HAHsET 284 host
defense systemol|] ZHE& Fo] HiolelAE @7t TE 7 oA
replication % <= W], polymorphism pattern® ®W37} YeEly= A,

I HAAde] AolE Hole AE B 93

ol

TR O Wste <l
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vivo®} in vitro passage B @S AASATH WA HA o= THE host

defence system< ztE= %] el in vivo A AR S 23ske] L

2 A Ewel g FLIV-19 A8 &stdtt (Table 5). 181

polymorphism pattern®] W 3}lo} HAA ] WIS H 12 339 passage

dgs AARAL, A passage A FolA wZelE whol# o] e
A

sequencings  AAlstel  AVIMEWEtE EAsgch 2 A3

13l cohabitation testE A A|3FH T (Table 6).
recipientsoll A ZH7}80%, 30%9 #HAES &5t L, 1st PCRAIA A
5 A Ze HAl= EF nested PCRoIA 221 = At} Polymorphism
pattern< g #], &% recipientsel A &2lEl Hlolgj A~ BT U "
HEFH 2™ nested PCRAIA HEH A4 94 4 Ads glsd
T AAJT (Fig. 14). 23 F, 5 ol released vlo|HAE 7 =3517]
3 3Yvttt sampling= 2 A &}

1295 18U7HA HAZol dHE Fstda, L oFol= A= + 3
Atk ol= HE F oF 12¢9FH &g Toll B2 &4l virus7t release®
of 21YFHE o= AL host7} YAz FEIAH AL

al
2 wetsw, 2195 E UAAA recipients®] ol AE el HAEw

o

1 PCR= &l Flstdl=d HE
sl g

3ol A detection®] ¢tElE= AozZ Bol ok 249 71X = wfolgl A7}
AAHEYH W2 49 virusg releasest”| 7HA] Al7]H o2 w X%
Rnoz FAHAY, A FA AAA HALE doZd FLIV-1S 23

A g olA gAe HESAAT SoleAs e Aol HAAE A
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8 UEhbA ok, ol A A A HAE HANSHA %=
o e E vE =wolAE Bask b 9Jom (Kim et al., 2005),
ofo thafd F7FA< A7 8T Folth. FASHAH, FLIV 2>
, 71710 A T &
Aol A Zhel A& 2E# A Ee o E WAAY 23 AEH 2
aQlom glsl HAE dojubs Aom Bzt

w3 E A= host defense system©] A|AE in vitro 7ol A 9]
A Al polymorphism pattern®] ®3}7}F YeElU=Xo] tha] F4135}17]
A3 EFA U FAE (RBE cell) o] 3528S Ayt 1 2

3 FLIV-19] e de =&ld = ddem  (Fig. 15, #HFd

(o]
1>

["_8{.'4
o
riol

rlo

o

sampling3te] K2 regionoltha] PCR%: Z 3} polymorphism pattern<

=3l gppearance rateE H.0]

&
o|N
N
=
i
ftlo
Lo
255
ol
ol
38
i)
=
S
—_
S
-0,
2

polymorphism pattern®] W3S £243517] 98] 33]2] passage 23S
21880 o] % E3F in vivo passage A& 3} U3 A polymorphism

pattern W3ske} A7IM Lol wist B UENR] 2QkTE (Table 7). In

A2 virusell oJEZ ol 7} viruse] 549 Aow FAHHE

B Aol M= o] gh o]glknte] 2] 29 polymorphism @7o] ekt
= ol VTS A7 Yl Megalocytivirusel AAZ SHAAIA
subgroup® K2 region®] repeating sequence®} polymorphism pattern<

Hla FAskdv (Fig. 9. 2 AN &g v

ro

Megalocytivirus isolates®l] ™3l &A%t A3} RSIV isolates (subgroup



I) ¥ RBIV isolates (subgroup II) o] W3] #2413 23 5 single
band patterns YEWE AHES FRA3AA T, (Data not shown) PGIV
By Aot wdstA ofF v
Ae Fad = AAH PGIV

isolates®] polymorphism< £ AFolA  &2lst FLIV isolates<}

isolates (subgroup III) oA & <ok

s
2}

J
3l multiple band patternsS e

multiple major band”’} YWEbHdth= Hol = <L 3A W multiple major
band7} oFF Tt sjH oz UEehdths Hol A= Zol7b Aar o]
virusel ¢ LE protein 7153 A FAIAE w, o}lvtE  host

specificityel]l o gt st Tl S A AAdE 7 subgroup® &

s

oX

o7 FAHAL oY sk Megalocytivirus K2 region| polymorphism &
Ao EAS subgroupE = &7 17t =4, @A Single band
pattern= H.0]:= subgroup I, IIZ Low Various Polymorphism (LVP)
typeo. =, multiple band patternS, 4. °]= subgroup III, IVE High
Various Polymorphism (HVP) typeS & th= 71 vl =ito] ¢ X8}
+= K2 regionS A3 ORE-2 gene region® homology: LVP type<]
RSIV¢} RBIVZE 9542% %, tE subgroupibe]-~homology 7} 82785% U
el AL Keks -l =S ARl gAYl E2d oY E
subgroup?te] =}o]+= subgroup™® MCP gene 7F2] homology 7} 96798%
AmE oF 2%8] AolE Hole A3 mluls HYS W v F ol
gk 4= Qlth (Table 3). o]ol we} LVP typeol| 43l RSIVE RBIVE
host specificity 2] ZHol A F 3] AL, HVP typedl €38+ PGIV
oF FLIVE #9A 7Hs w5+ A zol7t dve A& Kol ol gt
polymorphism @742 ORF-2 gene?] 7]s3 d#A]o] & AHolgt

o,

8

ro
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grEaols AAHoR WS dRe ofFol EAH Exre] Aol}
ggs an wg A A= gREAY ARt BREA e,

g
o BN mpolH s tdd Fo| FrddolE od 7 e &4

-

oty ™  replication® 4 A Ht}h Subgroup I virus7} THSH

ro

polymorphism patterng H.o|x o]f+ Hlolg] A7} FWH sk Zof 1
host specificityoll #-&3}7] 918, =+ host defense system< XU}
2ZA olAWr] sl AAE viral gene® 3A wWsie FA AT
Subgroup IV virust A AdH oA flatfishFolvt HAAAS YeElU &
A 8k4 Q1 host specificity®} pathogenicityS H. ol dH, °o]% 4 U
slal 44 3e polymorphism patterne Holi= @d3 Aol UL Ao
o} F4
Repeating sequence® =218k Ayo|A Megalocytivirus® subgroup
X5 major RS moiety7} A8 T dstA HEESH o] AdAHa e AL
obyel ZuA e ofm gl vl Xol7k Ql= A o= SQ1M Al minor
RS moiety= &L3tAl WFEEY T, Pt 22 ofn|=ibo] A s AY
2ol thsk 719 fragment’f A EHE AOE Helth ga A
HA o7 & = A FLIV isolatesol A pplad pp2, pp3ete] 44 =}
ZA3}E Mo} repeating sequences®] WHE 3143 replication
T+ cell-to-cell spread &= A#AAFo] A& 7FsAE AUk
A} &A%k polymorphism patterns Ho]+= viral replication £l
s 2 7hA] oJEde]l £, oo E AGE i) EE variants7t ¥

A3k W& 2ZM A particles groupS ©]F°] £A3}c}7) hostol] A4

—

of ol #okE 7K, i) BY¥E polymorphic variants7b 2+

viral particle® Z&A)3}1 o]Eo] hosto] E3H7rdo] o] vEG Ayet

_68_



= 7F4, 28l i) Sty = & °]Ae] polymorphic variants”} host
of o]l o replicatione & W, addition®} deletion®] 2J& HEE
variants®] progeny virus7} @4 4% v && o]FH AAHHTE Tt

Z 7HA 9 7HE S ARG 2 AT
% single %3+ double pattern® polymorphism< H.o]i:= 574 Al 8¢
A

H}= s 4 g (Fig. 11) o= %3 FLIV polymorphic

1154

==

A= dFodA AEE virus

variants* particles groups AR & Ztzto] WE hostE A A
4 5 deS FAT = dfdey, o] AAAA #Eg 2= FLIV
isolates7} =93% polymorphism patternS UYERE o= Hol
polymorphism &/ Awst=d #| 37140l =g ¥ o2 A3tslvta F
=2 7 Ak vtet = polymorphic variants7F g7 H el 5 3t
& O] HA] BFte] hostell A9 EE AS A E7Fs3EH7] Wi
o]t} Kim et al (2011) PGIV (subgroup IIel 4l polymorphism= X
ol @il el & =wlA AAIRE Al 271 = FALE vh vk §HA]

O
(

o
s

ol ol RIS woly, TR A AAGLL FEEY £5 dal
7b 7] W] vherek wel ghele] [fuksl o] Fol 9 Aolm, ol <
a ol F thee Wol molAl Wt Qo FgHch

A 3HEe BRATeE ta AYA 27 BEee] wiel,

7FA el AdS ZAP3At. Single ¥ double band  pattern®]
polymorphism= H.©]+= FLIV isolates”’} detection¥+= 32 midgut

gland 2 & ©]&3lo] RBE celldl A% inoculations 3+ 3 nujoks}

2

polymorphism patterns #4138t o low viral copy@td 2l H 3

71ZF Brof| mlol#] 2~ WS A FshA X FTh (data not shown) whehA]
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of ARe WA FHAY FAAE ARe ARG 2K A

5o o AR AR 713 setke] vhol#{2 monitorings E3 MCP
gene°] 3t AlESF A3 K2 regiond ™ dxdE, x9E a8
host ¥ polymotphism pattern 4] | iii) ©]&2 Wo|E #&37] ¢

host®] W< inhibition®] %S F9] in vivo, in vitro passageE %3}

_0|L
£
rE
oty
il
M

AstR o iv) Megalocytivirus K2 regiono 4] Hol+=

Eo] % ¢l subgroup™®-polymorphism &Atel]l thaf-iAsta o] = nlgo

2 =49 FE2 B Az 8L AL AT FH9
A7E B3 AL FUL-Rart Qert, ORF-2 geneo) e B 5@
3

4

73 1 Eeol A e polymorphism®] 75 EZE F7H4 Q)
T7F 83 Foltt. Ee F7|11e] passage AT = F3 o

e Wal G A B AEs dast Zojr), B Ao Ee W
o] Wikde] bioindicator®A1] 7Fed S A A S AL, polymorphism

patterne ©]&3 Aol &E&F  A5= AT 3 2 Al

& wpol ¥

A AN T 7HAS Rl #] A repeat region® AT A SOl A o}z e A
HE Gl o]Zoln olE T3 Yo ol kntelyd s X34 AFrd

2 8ol mpoleae] ke A+ WIS ANE ¢ e Ao vigE
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V.8 ¢

Family Iridoviridae Genus Megalocytivirus®l 43t FLIV (flounder
iridovirus, subgroup IV): ORF-2 gene® Ze-i-o] 9% 3 K2 region
o] A multi-length band’} YElUE= 5|3 polymorphism @45 H

th WA o]Z HA=3 A} detectiondt multi-length band 2F Z

e

f
N

viral particlesE ©]| 53 Sli= polymorphic variants¥ S &<lstsith. &
S NBE E3A o] &3t polymorphism3A A< Helsl 7] e e
AbokAl o] F o g Fol  lal monitoringS A A ER A, EEEH 30FY

FLIVel tis] MCP gene® 7Al&5 413 repeating sequence w4, “1

ofr
-

2] A polymorphism#41S AASA o0 23 dr-¥z XFHd F9o

A5 BHelom MCP geneoll thal 67FA] sub-subgroupl & Us 4 9l
A2l T3 pple repeating ‘sequenced] HHE el o] uwe} 3714 typel
2 YE F ddom- polymorphism pattern< B = AAClA 3712
visible bandE (Eeol=t FlES GdeksiH. 1T Ads 5%

polymorphism ®3}E &21sl7] {8l in vivooll A9 w7+ passage
A8 3} in vitro passage’ @

a & 33]9] passage A= 3 A dHHY WI= Y5Ss U
i, cohabitations &% wWAFIARPAAE ZE& ARE UEHoh
RBE (Rock bream embryo) cell & ©]-8-3t in vitro passageol| 4| &= 33] <]
passage WL WEe]l W3 glo] #dd AAE e As A9

T AR
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Fate] BASQS W, @4 5UF band

il
o\

Hod3eE RE A9 A
densityH] &< H.o]E polymorphismS ¢ld ¢ X
) Fo) A= single =X double patterns Hol:= AL Feld = A
t} o] & T oW &y = F 7FA polymorphic variants7} 7 G

2= 34 AA3 progeny polymorphic variantsE A Al dth= A S

R4
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