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Genetic relatedness of Megalocytivirus from diseased fishes in Korea

Eun Sun Lee, Miyoung Cho, Eun Young Min, Sung Hee Jung and Kwang Il Kim'

Pathology Research Division, National Institute of Fisheries Science, Busan, 46083, Republic of Korea

In this study, we collected 39 megalocytiviruses isolated from diseased fish in Korea from 2012
to 2018. Major capsid protein (MCP) gene, a part of vascular endothelial growth factor (VEGF)
gene and histidine triad motif-like protein (HIT) genes of Megalocytivirus were targeted for PCR
amplification and analysis of those DNA nucleotide sequences. Korean strains revealed two genotypes
(red sea bream iridovirus and turbot reddish body iridovirus types) based on the phylogeny of MCP
gene. The red sea bream iridovirus type (RSIV-type) megalocytiviruses were divided into RSIV-
subgroup 1 and 2. From the phylogenetic analysis of the VEGF genes, a genotypic variant of RSIV-type
Megalocytivirus was identified. The HIT-like protein gene was detected in RSIVs, but not in TBRIV
and ISKNV, suggesting that HIT-like protein gene may be specific in RSIV.

Key words: Histidine triad motif-like protein (HIT); Major capsid protein (MCP); Megalocytivirus;
Vascular endothelial growth factor (VEGF)

N B (ATPase) 2 €714 do] FAAAE 7vte =
o -1 =
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Table 1. List of biological source infected by Megalocytivirus in Korea

Biological source Isolate Collection date location
Rock bream (Oplegnathus fasciatus) RB1-GJ 2012. 08. Geoje
Red sea bream (Pagrus major) RSI-TY 2012. 08. Tongyeong
Rock bream (Oplegnathus fasciatus) RB2-YS 2012. 10. Yeosu
So-iuy mullet (Planiliza haematocheila) SM1-SC 2013. 08. Sachun
Sea bass (Lateolabrax japonicus) SB1-TY 2013. 09. Tongyeong
Rock bream (Oplegnathus fasciatus) RB3-JJ 2013. 10. Jeju
Rock bream (Oplegnathus fasciatus) RB4-SC 2014. 08. Sachun
Rock bream (Oplegnathus fasciatus) RB5-NH 2014. 08. Namhae
Olive flounder (Paralichthys olivaceus) OF1-JH 2014. 09. Jangheung
Red sea bream (Pagrus major) RS2-TY 2014. 10. Tongyeong
Rock bream (Oplegnathus fasciatus) RB6-YS 2014. 10. Yeosu
Sea bass (Lateolabrax japonicus) SB2-YS 2015. 08. Yeosu
Rock bream (Oplegnathus fasciatus) RB7-NH 2015. 09. Namhae
Rock bream (Oplegnathus fasciatus) RB8-WD 2016. 09. Wando
Rock bream (Oplegnathus fasciatus) RB9-WD 2016. 09. Wando
Golden mandarin fish (Siniperca scherzeri) GMIV 2016. 10. Andong
Rock bream (Oplegnathus fasciatus) RB10-GH 2016. 11. Goheung
Rock bream (Oplegnathus fasciatus) RB11-GH 2016. 11. Goheung
Thread-sail filefish (Stephanolepis cirrhifer) TF1-GS 2017. 09. Goeong
Rock bream (Oplegnathus fasciatus) RB16-YS 2016. 09. Yeosu
Rock bream (Oplegnathus fasciatus) RB17-YS 2016. 09. Yeosu
Rock bream (Oplegnathus fasciatus) RBI18-TY 2016. 09. Tongyeong
Sea bass (Lateolabrax japonicus) SB3-GH 2016. 10. Goheung
Rock bream (Oplegnathus fasciatus) RB19-GJ 2016. 10. Geoje
Sea bass (Lateolabrax japonicus) SB4-GH 2016. 11. Goheung
Sea bass (Lateolabrax japonicus) SB5-TY 2017. 07. Tongyeong
Rock bream (Oplegnathus fasciatus) RB20-SH 2017. 08. Shinan
Rock bream (Oplegnathus fasciatus) RB21-NH 2017. 08. Nambhae
Sea bass (Lateolabrax japonicus) SB6-NH 2017. 08. Namhae
Rock bream (Oplegnathus fasciatus) RB22-SC 2017. 08. Sachun
So-iuy mullet (Planiliza haematocheila) SM2-HD 2017. 08. Hadong
Rock bream (Oplegnathus fasciatus) RB23-TY 2017. 08. Tongyeong
Rock bream (Oplegnathus fasciatus) RB24-GS 2017. 09. Goseong
Rock bream (Oplegnathus fasciatus) RB25-GJ 2017. 09. Geoje
Rock bream (Oplegnathus fasciatus) RB26-GJ 2017. 09. Geoje
Starry flounder (Platichthys stellatus) SF1-PH 2017. 11. Pohang
Rock bream (Oplegnathus fasciatus) RB27-YS 2017. 11. Yeosu
Rock bream (Oplegnathus fasciatus) RB28-YS 2017. 12. Yeosu
Golden mandarin fish (Siniperca scherzeri) GM2-SC 2018. 01. Sancheong

Table 2. Oligonucleotide primers used in PCR amplification

Target Primer Sequence (5' - 3") PCR condition
MCP Irido-MCP-pcDNA 1F  GAA TTC GCA TGT CTG CAA TCT CAG GTG (957, 30 sec; 58°C, 30 sec;
Irido-MCP-pcDNA IR CTC GAG TTA CAG GAT AGG GAA GCC TGC 72T, 30 sec), 35 cycles
VEGF RSIV-VEGEF-F AGG TTG AGG CAT CAG CAG ACT 94C, 30 sec; 60C, 30 sec;
RSIV-VEGF-R GCC TGT ACC GCT ACA TGA CAG AA 72°C, 30 sec), 35 cycles
HIT-like RSIV-515L-HIT-F GAT GAC GCC AGC CTG ACT GA (94C, 30 sec; 55°C, 30 sec;
protein  RSIV-515L-HIT-R GCG GTC AAG ACC ACA TTC ATC C 72C, 30 sec), 30 cycles
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tional Center for Biotechnology Information (NCBI) &) Large yellow croaker iridovirus (LYCIV, Gen
o T&5H HE T AR HA Au2E (Con- Bank Accession n0.AY779031) “12] 3 Red sea bream
served Domain Search) ©]-83}o] AEH FHA=} A iridovirus-Ehime-1 (RSIV-Ehime, GenBank Accession
S Al T4 AR AT FRAZE £49 10 no. AB104413)3} 37 RSIV-subgroup 18 .2 &
% 2] megalocytiviruses (RSTV-Ehime-1, RSIV-RIE12- 3l= Ao g Yelgow, Um A B F= RSIV-
1, RBIV-KOR-TY1, RBIV-CI, GSIV-KI, OSGIV, subgroup 28 0.2 EFFH At} 7FAH] E(order Pleur-
LYCIV, TRBIV, ISKNV, ISKNV-RSIV-Ku; Table 3) onectiformes)2] @l E2l¥ OFI-JH (20143
£ F2ALE gt ATER A4S soH, & 94, A &%) EelF= TRBIVY Q| &3l 2o
218 MEGA5.2 Z 27130l 4] neighbor-joining 4] 2 YEgth
HFH (1,000 bootstrap) 2. &2 Al S EFS HZ3FAch
VEGF % HIT-like protein XX} &
Z o 2 AFolA AZE Zefpolr 2 FFE VEGF
FAAe] Aol= 348-354 bp (GC content: 56.50-
Ul o/ 22| Megalocytivirus®| MCP FTX} 57.76%)°1Th. VEGFS] 132 AFaaA 4 A7,
STEA 12 RNy 28 MCP FHAZ BAR #HY BH} $U
20123 8YFE 2018d 197X Ul ol A Mega- RSIVE ¥ TRBIVE 2] 2714 Aoz ER/E
locytivirus = 2 Z9 A7+ F 5% 8349 8719 #F ThFig. 2). Eo]A 0 F&E-E MCP Fd=tel o &
Zo2 BFHAT Megalocytivirus7t &8 1% 38 EFNA RSIV-subgroup 182 EFH
2 E5, o, 7o, e, A=vE, g4, 28 SB5-TY ®&|F(F]olA #e)7} VEGF /2t
I FA 9} e 4o FERE ol et YA FF £ Al RSIV-subgroup 2H o2 EFEFom,
1 27teolA SJAEFJet B ATl A A= RSIV-subgroup 18 I= 97.7%9] 458 S BRI
primer® FZ-¥ MCP F32+2] 4ol 1,286-1,287 RSIV-subgroup 28 = 99.7-100% FAFEE B
bp (GC content: 54.82-56.14%) ©]™, NJ H o2 A o},
A JADAE BAHS A, RSIVEH HIT-like protein 52} A9 B Aol A A
TRBIVE S &2 F 27} FAFo2 E/FHJG Z+3k Zelo]M 2 PCR 8 A] 288 bp (GC content:
(Fig. 1). RSIV@ el &8b= 285 5, soldA & 53.13%)% YEFSTE RSIVE 2] Megalocytivirus (RSIV-
2]¥ SB5-TY strain (2017'd 7€, A 5%9)7 &7} Ehime, RSIV-RIEI2-1, RBIV-KOR-TY 1, RBIV-C1,
2ol A E2E GMIV strain (201613 109, 35 <F GSIV, OSGIV)ol A5k Eo] ] o & 24519, TRBIV
Table 3. Megalocytivirus genome list in GenBank
Virus Strain Biological source/year/country ACCG;ZETI;IO.
Giant seaperch iridovirus GSIV-K1 Lateolabrax calcarifer/2006/Taiwan KT804738
Infectious spleen and kidney necrosis virus ISKNV Mandarin fish/1998/China AF371960
Infectious spleen and kidney necrosis virus RSIV-Ku Pagrus major/2007/Taiwan KT781098
Large yellow croaker iridovirus LYCIV Pseudosciaena crocea/1999/China AY779031
Orange-spotted grouper OSGIV Epinephelus coioides/2002/China AY894343
Red sea bream iridovirus Ehime-1 Pagrus major/1992/Japan AB104413
Red sea bream iridovirus RIE12-1 Pagrus major/2012/Japan AP017456
Rock bream iridovirus RBIV-C1 Oplegnathus fasciatus/2009/China KC244182
Rock bream iridovirus RBIV-KOR-TY1 Oplegnathus fasciatus/2000/Korea AY532606
Turbot trddish body iridovirus TRBIV Scophthalmus maximus/2005/China GQ273492
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Thread-sail filefish/Korea/2017/TF1-GS
Red sea bream/2012/Japan/RSIV-RIE12-1 (AP017456)
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Golden mandarin fish/Korea/2018/GM2-SC
Rock bream/Korea/2017/RB28-YS

Rock bream/Korea/2017/RB27-YS

Starry flounder/Korea/2017/SF1-PH

Rock bream/Korea/2017/RB26-GJ

Rock bream/Korea/2017/RB25-GJ

Rock bream/Korea/2017/RB24-GS

Rock bream/Korea/2017/RB23-TY

So-iuy mullet/Korea/2017/SM2-HD

100 | | Rock bream/Korea/2017/RB22-SC

Japanese seabass/Korea/2017/SB6-NH

Rock bream/Korea/2017/RB21-NH

Rock bream/Korea/2017/RB20-SA

Japanese seabass/Korea/2016/SB4-GH
Japanese seabass/Korea/2016/SB3-GH

100 Rock bream/Korea/2016/RB17-YS

Rock bream/Korea/2016/RB16-YS

Rock bream/Korea/2016/RB18-TY
Rock bream/Korea/2016/RB19-GT
Orange-spotted grouper/2002/China/OSGIV (AY894343)

Rock bream/2000-2002/Korea/RBIV-KOR-TY 1 (AY532606)

Japanese seabass/Korea/2017/SB3-TY
—| | Large yellow croaker/1999-2001/China/LYCIV (AY779031)
100 98 Golden mandarin/Korea/2016/GMIV
Red sea bream/1992/Japan/RSIV-Ehime-1 (AB104413)
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l Red sea bream/2007/Taiwan/ISKNV-RSTV-Ku (KT781098) I
100 ' Mandarin fish/1998/China/ISKNV (AF371960)

— Turbot/2005/China/TRBIV (GQ273492)
100 —— Olive flounder/Korea/2014/0F1-JH

ISKNV
| TRBIV

Fig. 1. Phylogenetic tree based on neighbor-joining analysis of the major capsid protein (MCP) gene sequences.
Each of the Korean strains is named in host species/year/ strain name order. GenBank accession numbers are given
in parentheses. The numbers indicate the percentage bootstrap support for each node following 1,000 replicates.

goll &3t OF1-JH el F(d Aol A &)l A
HIT-like protein +{25 A &+ AT
RSIV“% vlo] 2 2E2] HIT-like protein & A} 3
548 A4S A3, Ehime-1 strainol| 4] 288 bp 5
5 bpe] @744 Aol E i@i t& Hpolz] 29}
98.6%°] FE8E RATh =3I LYCIVE A% &
A AL F 93,629~ 93,912 T% oA 4 bp7t ge}%
(deletion) HIT-like protein conserved domain 57
A5 FAE F e, & RSIVE mega-
locytiviruses2+2] “d-543 0] 96.8~98.2%= EFRETH
(Fig. 4).

rr oot

a

2

U o Foll A EElH Megalocytiviruse] 33
2 RSIV-subgroup 28 3} TRBIVE o2 7=,
RSIV-subgroup 282 &%, 3%, 9 5 7IFE
o] Fol A ¥ o2 TRBIVE-S dX oA
Ao 2 BE3F3L JTHDo et al., 2005a, b; Kim
2018, 2019). ¥ AFolA EA= 39712
Megalocytivirus 3 ANBEE 7|E€ R1EH i3t
7YX &2 RSIVE I TRBIVE o2 &1 T},

HT oA 7 FEHESE AAE FAT
2] (Golden mandarin fish, Siniperca scherzeri)7}

et al,



54

2ot
N
of

flo

gl

o
-

K

. Py .
4%

Lot

e

Japanese seabass/Korea/2013/SB1-TY
Rock bream/Korea/2015/RB7- \IH
Rock bream/Koera/2012/RB1-
Rock bream/2009/(‘hina/RBIV -CI (KC244182)
Rock bream/Korea/2017/RB25-GJ
So-iuy mullet/Korea/2017/SM2-HD
Rock bream/Korea/2017/RB21-NH
Japanese seabass/Korea/2016/SB4-GH
Rock bream/Korea/2016/RB18-TY
Thread-sail filefish/Korea/2017/TF1-GS
Rock bream/Korea/2016/RB9-WD
Rock bream/Korea/2014/RB6-YS
Rock bream/Korea/2014/RB4-SC
Rock bream/Korea/2012/RB2-YS
Giant sea perch /2006/Taiwan/GSIV-K1 (KT804738)
Red sea breany/2012/Japan/RSIV-RIE12-1 (AP017456)
Red sea bream/Korea/2014/RS1-TY
Rock bream/Korea/2013/RB3-J]
Red seabream/Korea/2014/RS2-TY
Rock brean/Korea/2016/RB8-WD
Rock bream/Korea/2016/RB11-GH
Rock bream/Korea/2016/RB17-YS

RSIV sub. 2

100

94

Golden mandarin/Korea/2016/GMIV

Red sea bream/1992/Japan/RSIV-Ehime-1 (AB104413)
Large yellow croaker/1999-2001/China/LYCIV (AY779031)
y Olive flounder/Korea/2014/0F1-JH

100" Turbot/2005/China/TRBIV (GQ273492)

Rock brean/Korea/2016/RB19-GJ
Rock bream/Korea/2017/RB20-SA
Rock bleameorea/“OlWRB 22-5C
— Rock bream/2000- ’00’/[\0rea/RBIV KOR-TY1(AY532606)
Rock lneam/Korea/ 2017/RB.
Orange-spotted grouper/200. 7/Chma/OSGIV (AY894343)
So-iuy mullet/Korea/2013/SM1-SC
Rock bream/Korea/2014/RB5-NH
Japanese seabass/Korea/2015/SB2-YS
Rock bream/Korea/2016/RB10-GH
Rock bream/Korea/2016/RB16-YS
Japanese seabass/Korea/2017/SB5-TY
Japanese seabass/Korea/2016/SB3-GH
Japanese seabass/Korea/2017/SB6-NH
Rock bream/Korea/2017/RB26-GJ
Rock bream/Korea/2017/RB23-TY
Starry flounder/Korea/2017/SF1-PH
Rock bream/Korea/2017/RB27-YS
Rock bream/Korea/2017/RB28-YS
Golden mandarin fish/Korea/2018/GM2-SC

| Rrsvsub.1

| TRBIV
| Mandarin fish/1998/China/ISKNV (AF371960)

 —ra——
201

100" Red sea bream/2007/Taiwan/ISKNV-RSIV-Ku (KT1781098) I ISKNV

Fig. 2. Phylogenetic tree based on neighbor-joining analysis of the conserved domain sequences of vascular endothelial
growth factor (VEGF) gene. Each of the Korean strains is named in host species/year/ strain name order. GenBank
accession numbers are given in parentheses. The numbers indicate the percentage bootstrap support for each node

following 1,000 replicates.
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Rock bream/Korea/2016/RB16-YS
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Rock bream/Korea/2016/RB11-GH

Rock bream/Korea/2016/RB10-GH

Golden mandarin/Korea/2016/GMIV-AD

Rock bream/Korea/2016/RB9-WD

Rock bream/Korea/2016/RB8-WD

Rock bream/Korea/2015/RB7-NH

Japanese seabass/Korea/2015/SB2-YS

Rock bream/Korea/2014/RB6-YS
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Rock bream/Korea/2014/RB5-NH

Rock bream/Korea/2014/RB4-SC

Rock bream/Korea/2013/RB3-JJ

Japanese seabass/Korea/2013/SB1-TY

So-iuy mullet/Korea/2013/SM1-SC

Rock bream/Korea/2012/RB2-YS

Red sea bream/Korea/2014/RS1-TY

Rock bream/Korea/2012/RB1-GI

Orange-spotted grouper/2002/China/OSGIV (AY894343)
Rock bream/2000-2002/Korea/RBIV-KOR-TY 1 (AY532606)
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Giant sea perch /2006/Taiwan/GSIV-K 1 (KT804738)
Red sea bream/2012/Japan/RSIV-RIE12-1 (AP017456)
Golden mandarin fish/Korea/2018/GM2-SC

Red sea bream/1992/Japar/RSIV-Ehime-1 (AB104413) 1

RSIV sub. 2

RSIV sub. 1

Fig. 3. Phylogenetic tree based on neighbor-joining analysis of the conserved domain sequences of HIT-like protein

(HIT) gene. Each of the Korean strains is named in host species/year/strain name order. GenBank accession numbers
are given in parentheses. The numbers indicate the percentage bootstrap support for each node following 1,000

replicates.
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Fig. 4. Multiple sequence alignment analysis of the HIT-like protein conserved domains in megalocytiviruses. Arrows
indicate the nucleotide deletions in the large yellow croaker iridovirus (LYCIV).
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