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Phylogenetic analysis and antigenic determinant prediction of red
sea bream iridovirus isolated in Korea from 2019 to 2023

Guk Hyun Kim, Joon Gyu Min, Hyun Do Jeong, Kwang Il Kim'

Department of Aquatic Life Medicine, Pukyong National University, Busan, 48513, Republic of Korea

In this study, we analyzed the phylogenetic classification, epitope prediction, and pathogenicity
of red sea bream iridovirus (RSIV) isolated from rock bream between 2019 and 2023. Phylogenetics
based on genes encoding MCP and ATPase indicated that all five RSIV isolates belonged to RSIV
subtype II. The deduced amino acid sequence of the MCP for the amplicons (1362 bp) obtained
from RSIV isolates had a length of 453 amino acids. Among these, the amino acid sequences of
the RSIV-19, 21, 22, and 23 isolates showed 100% identity, while the RSIV-20 isolate showed 99.78%
identity with one residue difference at position 306. As a result of antigenicity analysis based on
amino acid sequence, the antigenicity score of the RSIV-20 isolate was 0.6386 and the other RSIV
isolates were 0.6365. Additionally, the prediction of their antigenic determinants resulted in a total
of 17 identical antigenic plots. When each RSIV was inoculated into rock bream, no significant differ-
ences were observed with 100% cumulative mortality in all groups. This study provides data on the
potential for genetic variation of RSIV isolated in the same marine area over the past five years,
and the antigenicity and pathogenicity results of each isolate are expected to be useful information
for selecting future vaccine strains.
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FEolg]=nlo] 2 2 (red sea bream iridovirus,
RSIV)= o] gl En}to] & 23} (family Iridoviridae), W
ZZ ALol Elulo] 3 2225 (genus Megalocytivirus)©l 4
3= 20" A 9] double-stranded DNA H}o] 2 20|
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TH(Kurita and Nakajima, 2012; Chinchar et al., 2017).
Megalocytivirus= major capsid protein (MCP) ¥ ad-
enosine triphosphatase (ATPase) 7 &+2] Al & 2AY
8+d gdBA Ol wEk red sea bream iridovirus
(RSIV), infectious spleen and kidney necrosis virus
(ISKNV), turbot reddish body iridovirus (TRBIV) %
scale drop disease virus (SDDV) 47}2] -7 & (geno-
type) 2.2 EFHTH(Kurita and Nakajima, 2012;
Senapin et al., 2019; Fu et al., 2021). T3}, RSIVE 3}
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ISKNVE & AlgaAol met 5 7HA #F4d0td
(subtype I & IDS.Z A3}l EFHTHKim et
al,, 2019).

RSIVS} ISKNVE  FEolgl =ute] 2] 21 (red
sea bream iridoviral disease, RSIVD)2] 121 B A
2 30F oo @erol® 9 afjitolF{ol s,
ZdE o/ v v, 7718, W, o) 79
59 YES4S EATHWOAH, 2021). RSIVDE=
1990 YE O] ¥4 FEAA A5 Bid olF
ofAlo} Z7tell dE] BEE 0] 2] 4bdol Hogt
& E 71X Y H(Inouye et al., 1992; Lee et al.,
2007; Girisha et al., 2020). 53] %-glyz}e] 2 ¢,
RSIV subtype & ©] & HAAZ A 19983 3l
QF A Y o] A EFoA A Baud F=, vjd
5= HI RS e sfjato] Foll A B ste] &
21 el & BA S 71 e TEA HAdAE
891 5 A THJung and Oh, 2000; Kim et al., 2019).

ArA o7 S FAStE diEE A 9
FAAFTART 277 AX S5 AE] F&
A AAol AFE 4 glom, g Tl X
gk 3 A7)0 54 FATE Agste] WY 9kg
S #=3t}(Shih et al., 2019; Zhang et al., 2021).
, oAl WAl AAE flElA= HAA
g So] A dAS =S U= Fd 2A
719] 43} deo] F 83} (Greenbaum et al.,
2007; Zhu et al., 2019). &
st &2 @ E L SF A EAA Y3 1y
s 28 7+ e 34 Y 948 & -
) Th(Sommerset et al., 2005). Megalocytivurs®] 73
T, TR OiE F et dwde =2 MCP
AR gsstEo I 53], MCP= Hioly
2 Hz g AR F83% 98 3, =2 I

Hoz A olgmutelel o] Wal A A a4
(e}

AARNA F83% Qio|th

B AFo A= RSIVY F34 ®ol 7teids &
ol 1A} 2019 RE 2023714 U Ag &A
FAFe EEoZHE £ RSIVY AlE T

H e &8l 4 dadAE ddsit

ok
)
e

o

HE - 1 FY

ES A2 9 THFE g8 9% 7 A
2 FYE RSIV WA} M FelFe] 72 @
WAz RE & ARV E ARSI 9 E5 O
3 BAAS vwsk o
VR

Hio|H A

20193 FE 2023 @71A] A &A9 EF 44
Aol A v vlg 2 7718 59 YAS4S UE

W= =5 (Oplegnathus fasciatus)] V)7 2] o) A
A= RSIVE A&t &3, =l 48
RSIV W AlF2 AFE-5| & iridovirus sachun-1 (IVS-
1, RSIV subtype 1I; Jeong et al., 2003) 2| FE T
ZTE2 AHESEA T

DNA & ¥ 3=

Zy )% 22 10mgl-ZH-E] yesGTM Cell Tissue
mini kit (GenesGen, Busan, South Korea)& ©]-83}
o] A ZAR] protocolol]l W} total DNAE 2|35
ok RSIVY AE&2 AASERA7]F(WOAH)Y
T2 E e 9 2E vl 7Y (Manual of Diagnostic
Test for Aquatic Animal)oll 4] ¥ 318}+= PCR ¥
(Kurita et al., 1998)l] mW-&} 43 F 1 T(Table 1).
PCR-2 2X Exprime Taq Premix (GenetBio, Korea)
10pL, forward primer$} reverse primerS Z+ZF 1 pM,
DEPC treated water 7 pL, template DNA 1 pLE &
st FPetATh ¥E 208 95°Cll A 523
pre-denaturation ©]%-, 94°Coll 4 30%7} denatura-
tion, 58°Coll 4] 183} annealing, 72°Co A 18£3} ex-
tension 3= cycles 39| cycle® 314 30 cycle
HEE31 931, o] & 72°Col| Al 543t post-extension
HEAZ T PCR 5% AHECA 5o]# <l PCR
amplicone &I} A} 1.5% agarose gel “doll Al &

7195e AT

ﬁlEol‘x‘l _|_l='A
=2 _||
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Table 1. Primers and probe used in this study

Genomic regions Primer Sequence (5' - 3") Condition Reference
95°C 5 min
94°C 30s, .
Pst 1 fragment 1-F CTC AAA CAC TCT GGC TCA TC 58°C 1 min Kurita et al.
(PCRY) 1R GCA CCA ACA CAT CTC CTA TC 15 Tmin %30 (1998)
72°C 7 min
Major capsid RSIV 1094F CCA GCA TGC CTG AGA TGG A 94°C 10 min Kim of al
protein RSIV 1221R GTC CGA CAC CTT ACA TGA CAG G 94°C 10s, ‘(I;O; l)a‘
(real-time PCR) RSIV 1177 probe FAM-TAC GGC CGC CTG TCC AAC G-BHQI 60°C 35 x40
MCP 1F ATG TCT GCR ATC TCA GGT GC 95°C 5 min
Ma ” MCP 300R CCA GCG RAT GTA GCT GTT CTC 95°C 30s,
ajori)t?fs‘ MCP 600F CAA GCT GCG GCG CTG GGA GG 1. 58°C 1 min 30s, Kim et al.
IEP cri) MCP 800R GGC GCC ACC TGR CAC TGY TC 2. 72°C 1min 30s (2018)
MCP 1015F CTC ATT TTA CGA GAA CAC CC x35
MCP 1362R TYA CAG GAT AGG GAA GCC TGC 72°C 7 min
ATPase 1F ATG GAA ATC MAA GAR TTG TCC YTG 9355(:5 38““
ATPase ATPase 218R CAG TTR GGC AAY AGC TTG CT 550C 402’ Jeong et al.
(PCR) ATPase 529F GGG GGY AAC ATA CCM AAG C o 400 235 (2021)
ATPase 721R CTT GCT TAC RCC ACG CCA G

72°C 7 min

*WOAH recommended PCR assay in Manual of Diagnostic Tests for Aquatic Animal Chapter 2.3.7

Gel purification mini kit (GenesGen, Korea)E ©]&
sto] A 3 ABI 9790 XL DNA Analyzer (Applied
Bio- systems, USA) sequencer® AM&-3lo] 714
S B39 MCP % ATPase XA M E&
ChromasPro (ver. 2.1.10.1; Technelysium, Tewantin,
Australia)E AF83}9] base-calling®. 2 £2& &
AstATh =g, WAIFAVS-1) B B Ao A &
2ld 57§ 9] RSIVell gt 4 FaddA S Lot
3B 7}A} National Center for Biotechnology Infor-
mation GenBank®l| &% Megalocytivirus 7%
3 MCP % ATPase 32t A714 8-S 22} 3870
224705 AT Y 1A QVIAEE
£ BioEdit (ver. 7.7.1) T2 13 2] CLUSTAL W
alignment model (Thompson et al., 1994)< ©]-&3}
o JE3tYth. o] F MEGA (ver. 11.0.13) Z&271
S 0] &3}l maximum likelihood methodE &3l
phylogenetic treeE 2}/3 3} 2.7, phylogenetic tree
2] branch+= 1,000 bootstrap resampling= 53l 5
s,

RSIV FZELHEIO| She
MCP #ZA €714 4

%, Vaxilen v.2.0 ¢ 7|¥F =FE& 3| alignment-
independent | &S AM&3te] FUAAE HUtP o
™ (Doytchinova and Flower, 2007), &9 237
Immune Epitope Database (IEDB)ll 4] Kolaskar %
Tongaonkar2] &1e]F el 23] o =5l th(Kolas-
kar and Tonganokar, 1990).

HIO|A HIQY U A7} =AM
2019 F-E] 2023714 AERH S = F O ZHH
&% 5719 &+ v =25 747 PBS (Phos-
phate-buf- fered saline, 0.1M, pH 7.2)} 1:10(w/v)2
2 E3ste] #dstg & 8,000 ppm o2 1043t
LA EEstdth ol F A5 dE FH3H 0.45um sy-
ringe-filter2 & HS ME HFHOZ ALL3IH
o} 1IVS-12 & A =8v] Al E(Pagrus major fin;
PMF) (Jin et al., 2011)N A v FE Hlolg 2= A5
S AX HFHOE AL AT T25 flaskol A

HH 4 5% A =2 A E(rock bream fin; RBF)
(Jeong et al., 2021)°l & 3}<H(200 pL) 2 IVS-I o<
H PMF 45100 pL)S 22 HES &, 10%
fetal bovine serum (performance plus grade; glbco,
USA), 1% antibiotic-antimycotic solution (gibco, USA)
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7} 718 L-15 8] A (gibco, USAYE H7}skaL 25°C
ol Al 7437t MEWA &I (cytopathic effect, CPE)
A ARE BFSAT o] F HFA-S 500 x g=
103 A4 EEste] F5ds £53 & 43 A
7FA] -80°Cell HAstH o, vlo]e] 2~9] A LS Kim
et al. (2021) Rl Wb Megalocytivirus®] MCP
FHAAE £Z O Z 3 primer?} probe set (Table 1)
= 0] 83}4 real-time PCRS 433} 54t}

(8.32 £ 225 g)2 oPOzl 55 L —?ﬂﬁé
A o] 25°Cell A 1493t 3] F
sttt 19 A A Mol Ao
3rtEl & A3t o] Ao AAlE PCR ¥ (kurita
et al., 1998)l we} RSIVDOY tigh 5 el & 3
QS ATHTable 1). 671 9] Biole] 2~ vi S =&
ol 1.0 x 10° viral genome copies/Ol mL/ﬁs hZ 201}
A B4 FASE] 2197 A HARE S BEst
R, 7= PBSE (100 uL) FASHA T
BE ARTY A 722 A7 VI 525+
I°CE FAIHACH, AARE AT 2%E oFF
gk 301 o};’i i, md ARl 70%E T
of s Foan. & A9 JdH #F4
= 77 tHffh s=AIEYAI RN =
ol =t (591 ME: PKNUIACUC-
2023-70).

ofe

oo 2

tlo oo \-ﬂ

2 I

Hio|HA HE
20199 FE 2023 d7FA] 7~10€ Atolo 3
E5Y A 23 & o] 83t RSIV A& E9]

Ql =385 A3} &= 5719 RSIV &+
£ 23l th(Table 2). 24+ 85+ E88 9=
£ 7]|&= RSIV-19, 20, 21, 22 ¥ 232 HH3}IH .

N

RSIV R%1d 24

MCP ¥ ATPase 32} @71A LS o] &3t &
ZolA AED 570 RSIV 8] F 2 ﬁ]itﬂ-/‘gi}?ﬂ
AHABAE BN A3, ZE RSIV EIF
RSIV subtype 113 ©. & 275 THFig. 1). EE?}, t‘ﬂ
AFIVS-1)9} EElF9 MCP % ATPase 34}
AN E S vwd A3 MCP FA A9
789~ RSIV-19, 21, 22 9 237} IVS-1 EF 100%
AEA4S RGOy RSIV-20E 1IVS-13} 99.78%2]
A% A& XY tHGenBank accession No. PP503367,
PP779945, PP779946, PP779947 % PP779948).
ATPase F- A |71X €2 4% RSIV 22|+ ¢
WA TF AFol= $IITH(Table 3).

AA7E oA Z3FATE RSIVE] MCP (1,362 bp)E
45371 opu|A4to g FA o] 910w RSIV-19, 21,
22,23 @ IVS-1 £ FEY opm Ak A LD-L 100%
S e oY, RSIV-20 ®EFolAE
306HMH 7] 3hte] 2po]lE WY th(Fig. 2). RSIV
EE T2 YA S £ 23, RSIV-20 £
%?E 0.6386°]1 13 L} A RSIV &
3 £ 0.6365Z A=A
AA7E &3 ﬁJ’P— RSIV Eg] 37t zpol &

3 A Z+7]7F MCP &9 st a3 7]
Z o SF R o}l RSIV B2 F BFAA F 1770
o] Y3 g EFo] AAFHAN(Fig. 3).

Table 2. Identification of RSIV isolated from rock bream in Korea by PCR assays

Isolate Biological source Isolated Sampling PCR genotype
year site (1F/1R primers)

RSIV-19 Oplegnathus fasciatus Aug-2019 Geoje + RSIV subtype 11

RSIV-20 Oplegnathus fasciatus Sep-2020 Geoje + RSIV subtype 11

RSIV-21 Oplegnathus fasciatus Sep-2021 Geoje + RSIV subtype 11

RSIV-22 Oplegnathus fasciatus Oct-2022 Geoje + RSIV subtype 11

RSIV-23 Oplegnathus fasciatus Sep-2023 Geoje + RSIV subtype 11




2019958 202317k ZuldlA] EeElE FEelg=hlo)d e A5 BF 2 &9 2AY] 4= 29

(a) Red cqabream midovirss 17SbTy (ORI42108)
% Lagge yellow croaker ridovins [AYTTI001)
SilVer 568 Jrean Ncovins S51V-05 (EURTA%)
| Red seabream ridovirss Ehine-1 (ABIOMLI) Subiype
Red sea bream ndouiras (ARDSD3AD)
Marble gooyiridevins MOIV ¥t 546 00 (JFI64318)

Roskbream iridovines REIV-21 (This o

Erch s inidosines RS2 (This study)

Efretions splesn dd Kidney pecrosis vims ISKNV-LIZULE RLTI3481)
Eeckbream iridovines RBIV-C1 (KO144182)

Barmnndi perch ridovins BPIV-68 (FUS4T418)

spettadbnifay indoving SEOVTT (DNO75163)

R scabreass iidovims R3IV 121 (MT796562] Salitype 11
BaTamndi perc ndovins BPT 4’-‘ (EUBAT4LT)
Rockbream iridovines RST his study)

Fied seabream midovims RIEIZ-1 ()\PGIF-I%J

Teed seabream midovims KaghT-06 (MEAS068E)

Red scabroam midovims 1TRbGs (OK042108)

|| B gronsses indovans KULV-UT (EUSATIN)

7 | Gimt sea perch iridovirus GSIV-E1 (KTS04738)
Spotied kaifgmy ndevims SKIV-ZI0T (GDI02216)
Red sesbream idovis SBOVAVLE (ONT43042)
King growper irdovins KGIV-05 (EUB4TAL4)

- Focic rear iSdovis RSIV-30 [This suy]

= Rock bream midovims RIIVEOR-TY] IAY!132606)
90" Red sea bremm irdevims 658 (ABGSEI2T) -

Tnfections spleen and Lidsey neercsis vinme RETV-En (KTT81008)
99 | Infoctious spken and kidscy vocresis virus apulaps (ADGGE315) Subtypel
Infectons spieen mal bcdney necrosh vims TSKINV-QY (9031 T4o00)

Dwarf gownni indovins (AY989901)
59| Infiections splees and kidaey necrois vins SB04 (K Y440040)
Inffetion: splesn and kdney necrosic vim: BESF2 (KY 143043} Sabtype 1
% I nastle sleepy goby indovirus (HMDETE2S)
[ Turbol reddish body iidovims (GQ273492)
59 - Korean founder nidovinas FLIV-D) (AY633988)
Sacle drep disease vins isohte SDDV 2016 (ME152400)
Siehdw@nﬁum\'i‘wz eohte STNV.TE (OMCITRER)
| Zaale drep disease vinas isohite SDDV Thai 2019 (MN2521482) SPOV type
Sacl: drop dsease vins olite SOV 2018 (ME13240%)
Sacle drop disense vins iohite SDDYV 2017 (ME152402)

TSKNY npe

TRETY type

Il

Marble goby iridovirus MGIV N1 £46 09 (JF 264208)
Sow bass indovies (ATO4397T)
| Sublype 1
(b) Red s brvam iridosines Exime-1 (AR103417)
Larpe yellow croaker iridovives (AYT79031)
Rock e 1

R
Rk bres

Kock brvam ndouirs

v | || rockbrram it marv 2 cTaie sty
[ | |- et sesbreaminidonius 1v8.1 (reong etal 2003 RSIV fype
b Rock bream iridovirun REIV-KOR-TYY (AY£32606) Sabype It
Spotied knifejen iridovines (GQIO221T)

B sasbeenm idiovirus | 7RG (OKO04210%)

Red sesbream iridovirus 17SHTy (OKO4Z108)
—t Groaper iridovires (ARG 197E)

L} Giamt ses perch iridovires GSTV K1 (KTRO4T38)
African lampeve iridovious (ARGI1OTY)

Rock bream iridoviem RIIV.C1 (HQ103008) -
7 Doarf goursmi iddovine (AY)19253) -—

il Marray cod indoviria (AYS36304)
Sabiype 1
Mullet iridorirus MAT6 (AB6663T4)
| S—

Infection spleen and kideey Secrows virus ISENV (AY171960) NY-ope

Infectious spleen and kidoey mecronia virn (ADG6S09T)
:ﬁn—m cardimaifishiridovins (EUT43246)
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’ ” visws ADOV- 2306 SDDY type
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Fig. 1. Phylogenetic trees based on the complete nucleotide sequences of the (a) major capsid protein gene (MCP;
1362 bp) and (b) adenosine triphosphatase gene (ATPase; 721 bp) of five red sea bream iridovirus (RSIV) isolates
(RSIV-19, 20, 21, 22, and 23) and a commercial RSIV vaccine strain (IVS-1). The five RSIV isolates (RSIV-19,

20, 21, 22, and 23) from this study are colored in red and the commercial RSIV vaccine strain (IVS-1) is colored
in blue.
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Table 3. Comparison of the nucleotide sequence homology of MCP and ATPase regions between RSIV isolates

(A) MCP

Isolate RSIV-19 RSIV-20 RSIV-21 RSIV-22 RSIV-23 IVS-1

RSIV-19 100 99.78 100 100 100 100
RSIV-20 - 100 99.78 99.78 99.78 99.78
RSIV-21 - - 100 100 100 100

RSIV-22 - - - 100 100 100
RSIV-23 - - - - 100 100
IVS-1 - - - - - 100
(B) ATPase
Isolate RSIV-19 RSIV-20 RSIV-21 RSIV-22 RSIV-23 IVS-1
RSIV-19 100 100 100 100 100 100
RSIV-20 - 100 100 100 100 100
RSIV-21 - - 100 100 100 100

RSIV-22 - - - 100 100 100
RSIV-23 - - - - 100 100

IVS-1 - - - - - 100

] 20 30 1o s0 &0 0 a0 30 100

salssaa] werefeenc] sandlraaal sevalecen] evsrfasae] sesalesna] draalassn] wensfenan] aaaaleres]| sieefasee]
REIV-19 MSAISGANVT SGFIDISAFD AMETHLYGGD MAVIYFARET VRSSWYSKLP VTLSKQTGHA NFUQEFSVTV ARSGDYLINV WLRVKIPSIT SSKENSYIRW 100
BEIV=RE vovawavne: seamaiiveny oweats . . FATE RN S N CEANNEE R, SR e v wvEsees AOO
RAIV=22 L ineaeese ssmmmmeenn wwenis " PV $8 ceeeiee e e S b SeeEe S < |
REIV-23 . ........0 vivenn D oyl = iy . e s T O - ... 100

RSIV-19 200
RSIV-20 200
RSIV-21 200
RSIV-22 200
RSIV-23 200
Ivs-1 200

RSIV-19 300
RSIV-20 300
RSIV-21 300
RSIV-22 300
RSIV-23 300
Ivs-1 300
RSIV-18 400
RSIV-20 s g et e ] FRAR SRReEHGT T e e veeoo 400
BETT-21  oviniisnc , S BRI RS SACRTEPRIEG BTG CE M CEEREN GRS SEEEICEN R : R T |
BEXV-22  uvscnsnee oo T P — ‘ vea-v. 400
RSIV-23 . ......... oovinnnnnn SRR e i, PRSI . . veeoe. 400
VE-1 =S . o sy mepemorre BB erms " .. . eeeo.. 400
410 420 430 440 450
selvsan] wasslvessl swesleasil sovelosas] sessbasssl s
RSIV-19 LSCKVSDNAK TTARGGGGNG TGYTVAQKFE LVVIAVNHNI MKIADGRAGF PIL 453
BEIV=20 oigavsvne oo A s ¢ ihmacEai i co. 453
RSIV-21 . ......... . PO -t ol a eicece ... 453
RSIV-22 . ......... . A, ncmm . i .. 453
RSIV-23 ....... SRR SR SR ¢ Gaanl ... 453
IeELT T DOPNEEEILE TTi 2 GRETONEAEE NSNS WSR2 453

Fig. 2. MCP sequence alignment between RSIV isolates indicating one amino acid difference at position 306.
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(A) RSIV-19 (B) RSIV-20 (C) RSIV-21
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Fig. 3. The graphical representation of antigenic determinants for MCP antigens of RSIV isolates predicted using
the IEDB server. The x- and y-axes represent amino acid positions and scores, respectively, and yellow peaks represent
linear antigenic determinants. Prediction of antigenic determinants for the MCP antigen revealed that the peptide
containing position 306 (red arrow) results in different antigenic scores between RSIV-20 and the remaining RSIV
isolates.

HelM 2 2002). =3 U] of Foll A B8 Megalocytivirus

RSIV 8] &8 Z+7} 1.0 x 10° viral genome cop- #7382 RSIV subtype I 483} TRBIV #+7
ies/0.1 mL/fish= E& Q19 74 & 3 #HAE PO 2 HiESor, 53] RSIV subtype I F43
< A% A 2E A9 2 2EFNA 100%2] 5, FE, 5o 59 it R{olA =8 /A
A HASS el or 2T IE8dAME A Po 7 BE¥3la JtiDo et al., 2005; kim et al.,
d FTEQIYZHA HAE BAEE A FUTHEFig. 4). 2019). WA, U F2 F2 3 QU RSIV subtype
RSIV-19 2 219 4 OFoNAE HF 11LAF

oft rlo ottt 1o

-

(=3

o
J

B 71 9A AL wAsgen, A dA ol F o e
39 ko] 100%°] F2 HAFSS YEHATH Z s80- = RSIV-20
F:| 0. - RSIV-21
- x g ~ RSIV-22
LA = _2 40 —+ RSIV-23
% 204 - [VS-1
=ZUol A RSIVE 1998d E&NA S Rid E -= Control
. o
F2, galgte] BIA e FHeE WAL A Dtesesprerefiiocrocacy
Qbofl o] 27]71A] wjd o F 25°C ©]/¢e] 24 Days post infection
dAste] FAt wf el 2 AsE A3l AT Fig. 4. Cumulative mortality (%) of rock bream infected

(Jung and Oh, 2000; Sohn et al., 2000; Kim et al., with red sea bream iridovirus isolates.
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nyge] 7449 oAstr] AsiA 59 /18 nfo
Y22 WMAFAVS-HE AL B33} wilo
M= o] (Kwong et al.,, 2020), @A Fd& WAl
(IMMUNIS MEGAVAC, Woogene B&G) 2. 2 A&
Ha e AAoth B Ao A 5d3 EE00
A E2]¢ RSIVE 200000 E2]8 Halset 5Y
3 A3 RSIV subtype 113 02 Hel=
(Fig. 1).

Hlo] & 29 79
YolA= AE &
o] EA13tH, o] Hie] A
9l F Al Gl et ZpolE 2
Aoz d# A ATH(Oh et al, 2006; Shinmoto et
al,, 2009; Fu et al., 2023). 53], =U2] 7% 20173
&2 & A(Lateolabrax japonicus)©ll 41 RSIV mixed
subtype I/I12] RSIV W o] F(17SbTy)7} &<l ol w}
ZH(Kim et al., 2019), RSIVS] F 2 thakAgdo] A Al
o] &2 RSIV 138 A7 288 Ao=
Atz ETh =3 RSIV HolF Bl 7hs Aol tigk
AAAQA &S e Wil FRFE G
Javl glom, dAdgdn woYAe] =& 3 4
A71E 7HA & vtol g 2 FEFE W SRFE

A= Zlo] F 23kt (Jechlinger, 2006; Li et al.,
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fr 0% ox ot

2 2] = A2 9L N AAHAA FF
el 98-8 g 4 ATHKTian et al., 2011; Skwarc-

zynski and Toth, 2016). 53], vfo]&] 2~ F+z Tz

< 2 A3 2 free AHd A4 g
= th(Sommerset et al., 2005; Xiong et al.,
2011). o] Aol W=H R nko] 2 2x(white
spot syndrome virus, WSSV)2] #= ©¥& VP19
5l VP66 U= AHET 7§ WSSV el
&l &322 WolE 1 tH(Musthaq and Kwang,
2015). &3, A7 3 AL51le] 2] 2x(nervous necrosis
virus, NNV)&] 72 Tz Q] 9| njut thuldo] 3}
Ao EA e v a3E FEste ZoE &
24 THLin et al, 2023). ©] 2 =Hlo] &) 29 F&
T TlEE o4zl vlolgj 2~ 9juvt Tl e
MCP 3271 ZdsiH, 52 FAdH R Q3

o
o

A% - 13

olg]Zuto] ) 2 Zh el thg WAl skl Qlo] &)
A 3R ggow delA QtHFu et al, 2012; Liu
et al, 2015; Zhao et al., 2020). ©]ol] whg}, & Ao
Al RSIV &85 9 WA MCP &S thd e
2 g4 £4% A7, RSIV20004 394 A
FE 0.6386, L A RSIV 28 FE-L 0.6365%
Elron] =g F2]F7} threshold 0.4 ©]49] =&
FAAE VA= AL E ) ZH ) Dong et al.
(2017) Aol A RSIVE}F ISKNVE] MCP -4l o
g opr gk A EL 67l 7] AFol 2 98.7% FE
A YeEbon o]gfgt 23 Xpol& I3l RSIV
o] MCPE 7|Wto 2 g wiAlo] ISKNVe] th3) A
AR RS 5 VeSS gttt B ATtellA
RSIV #E|F & W3 g9 4478 53 4
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Hlwste] 3061 A 7] skl zpo]7t gQlE A
YkFig. 2), 3G A71E £3s= FHEelolex= 3
AR7|E dSHA &%7] wiel EE RSIV 22
FE 1719 T &Y F50] FAH ATH(Fig.
3). o1& &3ll, @A = FE&3hE RSIVD o
Ale] MAIFQl IVS-10] HZ RSIV 44 E5o=
FE 8 g RSIVEE &9 AA 7|9 Aol 7p YA
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RSIVO = S83 o] §392 Hol&E 2107 Al
H o}, 3FA| 9, RSIV mixed subtype /18] RSIV 9]
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X 3 (Dong et al., 2017; Pattanayak et al., 2020;
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