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Major capsid protein (MCP), the adenosine triphosphatase (ATPase), and the PstI fragment genes from 
five Japanese and three Korean megalocytivirus isolates were sequenced and phylogenetically analyzed with 
known megalocytiviruses. Phylogenetic trees formed three major clusters (M1, M2, and M3 or P1, P2, and 
P3), and genogroup I was divided into two minor clusters (M1a/M1b and P1a/P1b) using three target genes. 
Sequence identity was >97% within each cluster, except cluster II of the PstI fragment (>94% of sequence 
identity). Interestingly, different genotyping patterns were observed for the same isolates depending on the 
gene analyzed. The JPN-YelTail and JPN-BfTuna isolates located in the minor M1a cluster, based on MCP 
and ATPase nucleotide sequences, appeared in the minor P1b cluster based on the PstI fragment, suggesting 
a shift of phylogenic position in megalocytiviruses. Further study will be conducted to compare the viral 
antigenicity and pathogenicity between the two isolates showing the shift of phylogenic position and the 
other isolates clustered within genogroup I.
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Red seabream iridovirus (RSIV) is the causative agent of 
RSIV disease (RSIVD), resulting in significant mortality and 
serious economic losses for more than 30 species of cultured 
marine fishes in Pacific basin countries (Kawakami and 
Nakajima, 2002). RSIVD-affected fish become lethargic and 
exhibit severe anemia, petechiae of the gills, and enlargement 
of the spleen. The typical histopathological symptoms in an 
RSIV-affected fish are an enlargement of cells and necrosis 
of renal and splenic hematopoietic tissues (Inouye et al., 
1992).
  RSIV, a member of the genus Megalocytivirus in the family 
Iridoviridae, has an icosahedral capsid measuring 200-240 nm 
in diameter and a single linear double stranded DNA genome 
of approximately 111 kb, with a structure that is circularly 
permuted and terminally redundant as in other members of 
the family. Megalocytiviruses include infectious spleen and 
kidney necrosis virus (ISKNV), rock bream (Oplegnathus fas-
ciatus) iridovirus (RBIV), turbot (Scophthalmus maximus) iri-
dovirus (TBIV), orange-spotted grouper (Epinephelus coioides) 
iridovirus (OGIV), largemouth bass (Micropterus salmoides) 
virus (LMBV), African lamprey (Aplocheilichthys normani) 
iridovirus (ALIV), dwarf gourami (Colisa lalia) iridovirus 
(DGIV), and grouper (Cromileptes altivelis) sleepy disease virus 
(GSDIV) (He et al., 2000; Hanson et al., 2001; Sudthongkong 
et al., 2002; Do et al., 2004; Mahardika et al., 2008; Kim et 
al., 2005). Full-length nucleotide sequences of the RSIV, 
ISKNV, RBIV, and OGIV genomes have been analyzed, iden-
tifying 124 putative open reading frames ranging in size from 
40-1,208 amino acids (He et al., 2001; Do et al., 2004; Lü 
et al., 2005). Among them, the major capsid protein (MCP), 
the DNA polymerase (DPOL), the PstI fragment, and the 

adenosine triphosphatase (ATPase) genes have been targeted 
for viral detection and analysis of genetic relationships among 
megalocytiviruses (Kurita et al., 1998; He et al., 2001; Sud-
thongkong et al., 2002; Do et al., 2005a, 2005b; Shinmoto et 
al., 2009).
  Jeong et al. (2003) sequenced the K1 region of the RSIV 
Namhae isolate containing the PstI fragment gene. Two iso-
lates from sea perch imported from China was analyzed by 
PCR with primer sets targeting the ATPase gene, DPOL gene 
and ribonucleotide reductase small subunit (RNRS) gene, but 
not with the primer set targeting the PstI fragment gene 
(Jeong et al., 2004). They suggested that those three genes 
are relatively highly conserved but the PstI fragment gene has 
nucleotide variations.
  Based on the MCP and ATP genes, megalocytiviruses show 
>94% nucleotide sequence identities, but only 38-72% nu-
cleotide sequence identities with iridoviruses belonging to the 
genera, Iridovirus, Chloriridovirus, Ranavirus, and Lymphocysti-
virus (Chinchar et al., 2005). It was considered that all mega-
locytiviruses could be members of the same viral species be-
cause >93% amino acids sequence identities occur among 
megalocytiviruses analyzed to date. Moreover, polyclonal anti- 
RSIV serum shows cross-reactivity with the infected cells of 
other megalocytiviruses, whereas monoclonal anti-RSIV anti-
bodies react only with RSIV-infected cells (Chinchar et al., 
2005). Song et al. (2008) found that the genotyping of mega-
locytiviruses correlated with geographic distribution based on 
the MCP gene nucleotide sequence; the genogroup I (G-I) 
viruses are widely distributed among various fish species in 
many Asian countries, genogroup II (G-II) is mainly distributed 
in Southeast Asian countries, and genogroup III (G-III) is 
distributed in flatfish species in Korea and China.
  Although high genetic similarity is noted in the genus 
Megalocytivirus, the size of the viral particle varies; RSIV, 
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Table 1. List of virus isolates used in the present study

Group Isolate name Country Host fish name Access. No. Reference Year
Target gene

PstI MCP ATPase

G
en

og
ro

up
 I

01:JPN-RedSb Japan Red seabream (Pagrus major) BD143114 Kurita et al. (Patent) 1992 v v v
02:JPN-RedSb Japan JN815055-57 This study 2006 v v v
03:JPN-RedSb Japan AB461856 Shinmoto et al. (2009) 2005 v
04:JPN-RedSb Japan AY310918 Sudthongkong et al. (2002) 1994 v
05:JPN-RedSb Japan AB263097 Imajoh et al. (2007) 2001 v

AB263098 v
06:JPN-RockBr Japan Rock bream (Oplegnathus fasciatus) JN815058-60 This study 2008 v v v
07:JPN-YelTail Japan Yellowtail (Seriola quinqueradiata) JN815061-63 This study 2008 v v v
08:JPN-YelTail Japan AB461855 Shinmoto et al. (2009) 2004 v
09:JPN-AmJ Japan Amberjack (S. dumerili) JN815064-66 This study 2008 v v v
10:JPN-BfTuna Japan Bluefin tuna (Thunnus thynnus) JN815067-69 This study 2008 v v v
11:KOR-RedSb Korea Red seabream AY532612 Do et al. (2005b) 2000-02 v
12:KOR-RedSb Korea AB178944 Kitamura et al. (unpub.) v
13:KOR-RedSb Korea AF487899 Jeong et al. (2006) v
14:KOR-RockBr Korea Rock bream AY532606 Do et al. (2005b) 2000-02 v v v
15:KOR-RockBr Korea AY628698 Jeong et al. (unpub.) 1999-00 v
16:KOR-RockBr Korea AY532610 Do et al. (2005b) 2000-02 v
17:KOR-RockBr Korea AY532609 Do et al. (2005b) 2000-02 v
18:KOR-RockBr Korea AY532608 Do et al. (2005b) v
19:KOR-RockBr Korea AY532607 Do et al. (2005b) 2000-02 v
20:KOR-RockBr Korea AY533035 Do et al. (2005b) 2000-02 v
21:KOR-RockBr Korea AY849393 Kim et al. (2007) v
22:KOR-RockBr Korea AY849394 Kim et al. (2007) v
23:KOR-RockBr Korea AB178943 Kitamura et al. (unpub.) v
24:KOR-RockBr Korea JN815070-72 This study 2004 v v v
25:KOR-RockBr Korea JN815073-75 This study 2009 v v v
26:KOR-RockF Korea Rockfish (Sebastes schlegeli) AY532614 Do et al. (2005b) 2000-02 v
27:KOR-JFlound Korea Japanese flounder (Paralichthys olivaceus) DQ198145 Kim et al. (2007) v
28:KOR-Seabass Korea Sea bass (Lateolabrax japonicus) AY532613 Do et al. (2005b) 2000-02 v
29:KOR-Seabass Korea Sea bass (Lateolabrax sp.) AB178942 Kitamura et al. (unpub.) v
30:TWN-Barr Taiwan Barramundi perch (Lates calcarifer) EU847416 Wang et al. (2009) 2005 v
31:TWN-Barr Taiwan EU847417 Wang et al. (2009) 2007 v
32:TWN-Barr Taiwan EU847418 Wang et al. (2009) 2008 v
33:TWN-GiSP Taiwan Giant seaperch (Lates calcarifer) AY059400 Chao et al. (2002) v
34:TWN-GiSP Taiwan AF462344 Lai et al. (unpub.) v
35:TWN-GiSP Taiwan EU315313 Wen et al. (2008) v
36:TWN-KingGr Taiwan King grouper (Epinephelus lanceolatus) EU847414 Wang et al. (2009) 2005 v
37:TWN-KingGr Taiwan EU847415 Wang et al. (2009) 2007 v
38:TWN-LMBass Taiwan Largemouth bass (Micropterus salmoides) AY059401 Chao et al. (2002) v
39:TWN-LMBass Taiwan AF462345 Lai et al. (unpub.) v
40:TWN-SilvSb Taiwan Silver seabream (Rhabdosargus sarba) EU847419 Wang et al. (2009) 2005 v
41:TWN-CoPony Taiwan Common ponyfish (Leiognathus equulus) EU847420 Wang et al. (2009) 2005 v
42:CHN-Seabass China Sea bass (Lateolabrax sp.) AB109372 Sudthongkong et al. (2002) 1993 v
43:CHN-Seabass China AY310917 Sudthongkong et al. (2002) 1993 v
44:CHN-Seabass China AB043977 Sudthongkong et al. (2002) 1993 v
45:CHN-OrSpGr China Orenge spotted grouper (Epinephelus coioides) AY894343 Lai et al. (2005) 2002 v v v
46:CHN-LYCro China Large yellow croaker (Pseudosciaena crocea) AY165049 Ao et al. (2006) 1999-01 v v v

47:THA-BrSpGr Thailand Brownspotted grouper (Epinephelus malabar-
icus) AY285746 Sudthongkong et al. (2002) 1993 v

48:THA-BrSpGr Thailand AB043978 Sudthongkong et al. (2002) 1993 v
49:IDN-AfLamp Indonesia African lampeye (Aplocheilichthys normani) AB043979 Sudthongkong et al. (2002) 1998-00 v

G
en

og
ro

up
 I

I

50:TWN-Gr Taiwan Grouper (Epinephelus sp.) AY059399 Chao et al. (2002) v
51:TWN-Gr Taiwan AF462343 Lai et al. (unpub.) v
52:CHN-Manda China Mandarin fish (Siniperca chuatsi, Basilewsky) AF371960 He et al. (2001) 1998 v v v
53:CHN-RedDrum China Red drum (Sciaenops ocellatus) AY158658 Lai et al. (unpub.) v
54:MYS-DwaGo Malaysia Dwarf gourami (Colisa lalia) AY285744 Sudthongkong et al. (2002) 1998-00 v
55:MYS-DwaGo Malaysia AY319288 Sudthongkong et al. (2002) 1998-00 v
56:IDN-AfLamp Indonesia African lampeye (Aplocheilichthys normani) AY285745 Sudthongkong et al. (2002) 1998-00 v
57:AUS-DwaGo Australia Dwarf gourami AY989901 Go et al. (2006) 2004 v
58:AUS-DwaGo Australia AY989902 Go et al. (2006) 2004 v
59:AUS-MurCod Australia Murray cod (Maccullochella peeli peeli) AY936204 Go et al. (2006) 2003 v
60:AUS-MurCod Australia AY936203 Go et al. (2006) 2003 v
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Table 1. Continued

Group Isolate name Country Host fish name Access. No. Reference Year
Target gene

PstI MCP ATPase

G
en

og
ro

up
 I

II

61:KOR-JFlound Korea Japanese flounder AY633985 Do et al. (2005a) 2003 v
62:KOR-JFlound Korea AY633986 Do et al. (2005a) 2003 v
63:KOR-JFlound Korea AY633982 Do et al. (2005a) 2003 v
64:KOR-JFlound Korea AY633987 Do et al. (2005a) 2003 v
65:KOR-Jflound Korea AY633984 Do et al. (2005a) 2003 v
66:KOR-JFlound Korea AY633981 Do et al. (2005a) 2003 v
67:KOR-JFlound Korea AY633980 Do et al. (2005a) 2003 v
68:KOR-JFlound Korea AY633992 Do et al. (2005a) 2003 v
69:KOR-JFlound Korea AY633990 Do et al. (2005a) 2003 v
70:KOR-JFlound Korea AY633991 Do et al. (2005a) 2003 v
71:KOR-JFlound Korea AY633983 Do et al. (2005a) 2003 v
72:KOR-JFlound Korea AY633988 Do et al. (2005a) 2003 v
73:KOR-JFlound Korea AY633989 Do et al. (2005a) 2003 v
74:KOR-JFlound Korea AY661546 Kim et al. (unpub.) v
75:KOR-RockBr Korea Rock bream AY532611 Do et al. (2005b) 2000-02 v
76:KOR-Turb Korea Turbot (Scophthalmus maximus) JN815076-77 This study 2003 v v
77:KOR-Turb Korea AB166788 Kitamura et al. (unpub.) 2003 v
78:CHN-Turb China Turbot AY590687 Shi et al. (2004) 2002 v
79:CHN-Turb China AY608684 Shi et al. (2004) 2002 v
80:CHN-SeaPer China Seaperch (Lateolabrax sp.) AY628699 Jeong et al. (2006) 2000 v

200-240 nm (Inouye et al., 1992): TBIV, 136-159 nm (Kim 
et al., 2005): mullet iridovirus-like agent, 100-120 nm, tiger 
grouper iridovirus-like agent, 210-245 nm (Gibson-Kueh et al., 
2004), and Singapore grouper iridovirus, 154-176 nm (Qin et 
al., 2003).
  Some vaccine experiments have been conducted against RSIV 
to prevent RSIVD, using formalin-inactivated RSIV culture 
fluid, recombinant protein, and DNA vaccines (Nakajima et 
al., 1997, 1999, 2002; Park et al., 2005; Caipang et al., 2006; 
Tamaru et al., 2006; Kim et al., 2008).
  The effectiveness of the formalin-inactivated vaccine was 
determined in several cultured fish under laboratory and field 
conditions and is available commercially in Japan and Korea. 
However, some cases of insufficient protection against RSIVD 
were observed in rock bream from Japan and Korea immu-
nized with the commercial vaccine.
  In the present study, the PstI fragment, the MCP gene, and 
the ATPase gene were phylogenetically analyzed using recent 
isolates from red seabream, rock bream, yellowtail (Seriola 
quinqueradiata), amberjack (Seriola dumerili), bluefin tuna 
(Thunnus thynnus), and turbot to compare with those of other 
megalocytiviruses.

Materials and Methods

Viruses
Eight Japanese and Korean RSIV isolates, named 02:JPN-RedSb, 
06:JPN-RockBr, 07:JPN-YelTail, 09:JPN-AmJ, 10:JPN-BfTuna, 24:KOR- 
RockBr, 25:KOR-RockBr, and 76:KOR-Turb, were culture-isolated in 
2008 (Table 1). Seventy-three of the deposited megalocytivirus nu-
cleotide sequences in the DNA data bank of Japan (DDBJ) were 
also used for comparative purposes (Table 1). The two numbers be-
ginning each isolate name are the serial numbers of the viral isolates 
used in this study, the following three letters indicate the countries 
of origin, and the last letters indicate the host fish species (Table 1).
  RSIV was cultured with grunt fin (GF) cells maintained at 25°C 
in basal medium eagle (BME) (Sigma, USA), supplemented with 

10% fetal bovine serum, 100 μg/ml streptomycin, and 150 IU/ml 
penicillin. After 2 weeks of culture, the culture fluid was collected, 
centrifuged at 3,500×g for 10 min to remove cell debris, and stored 
at -80°C until use.

Polymerase chain reaction (PCR)
The viral genome was extracted from virus culture fluid using a phenol- 
chloroform extraction method. PCR amplification followed standard 
methods with three different primer sets. The first primer set was 
composed of Pst1F (5′-CTCAAACACTCTGGCTCATC-3′) or PstI-KF 
(5′-CTGCAGTTGCCGCTCAAACA-3′) and Pst2R (5′-GCGTTAAA 
GTAGTGAGGGCA-3′), targeting the 848 bp or 860 bp regions of 
the PstI fragment containing partial RSIV phosphatase and laminin- 
type epidermal growth factor-like genes (Kurita et al., 1998; Jeong 
et al., 2004). The PstI-KF primer was located 12 bp upstream of the 
Pst1F primer and was used when no PCR product was amplified with 
the Pst1F and 2R set. The second primer set was MCP-F (5′-CAAGT 
GAGGAGCGTGAGGTTG-3′) and MCP-R (5′-CACAGGATAGGG 
AAGCCTGC-3′), targeting the 619 bp region of the red seabream 
iridovirus MCP gene in the GenBank DNA database (accession number 
AY310918), and the third primer set was ATPase-F (5′-CAAACCAC 
AGCGCGGCAAGT-3′) and ATPase-R (5′-AGTAGCGCACCATGT 
CCTCC-3′) targeting the 563 bp region of the ATPase gene (Kurita 
et al., 1998). The extracted viral genome was amplified in PCR buffer 
(10 mM Tris-HCl, pH 8.3, 50 mM KCl) containing 0.2 μM of each 
PCR primer, 1.25 U of EX-Taq DNA Polymerase (TaKaRa Bio, 
Japan), 0.2 mM deoxynucleoside triphosphates and 2 mM MgCl2 with 
a thermal cycler programmed for 1 cycle at 72°C for 10 min and 
at 95°C for 3 min; 30 cycles at 95°C for 1 min, 58°C for 1 min and 
72°C for 1 min; followed by a final extension at 72°C for 7 min. 
Each PCR product was visualized on a 1% agarose-TAE (40 mM 
Tris-acetate [pH 8.0], 1 mM EDTA) gel and visualized under UV 
irradiation after ethidium bromide staining.

Sequence analysis
After purification with a PCR purification kit (Stratagene, USA), 
the amplified viral genome products were subjected to nucleotide 
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Fig. 1. Phylogenetic trees based on multiple nucleotide sequence alignments of megalocytiviruses. (A) major capsid protein (MCP) gene, 
(B) ATPase gene, and (C) PstI fragment. Red letters indicate the eight recent isolates analyzed phylogenetically in this study. Arrow indicates 
two Japanese isolates placed in M1a based on the MCP and ATPase genes, and P1b based on the PstI fragment.

sequence analysis using ABI PRISM Dye Terminator sequencing 
chemistry (Applied Biosystems, USA) with the PCR primers, according 
to the manufacturer’s instructions. Triplicate PCR products originating 
from independent amplification reactions were sequenced for each 
isolate. The resulting sequences were assembled with DNASIS soft-
ware (Hitachi, Japan) to identify and exclude duplicate sequences 
from the data set. A multiple alignment of the sequences was con-
structed using Clustal X based on a single representative of each 
sequence (Thompson et al., 1994, 1997) to infer genetic relationships 
among sequences with neighbor joining criteria, and a final tree was 
drawn with NJplot software (Perrière and Gouy, 1996).

Results and Discussion

Amplified products with a size of 620 bp corresponding to 
the target region were obtained from the MCP gene of all 
eight RSIV isolates, whereas 560 bp from the ATPase gene 
were obtained from seven isolates, missing KOR-Turb (#76). 
PCR products of approximately 850 bp were amplified from 

the seven isolates (#02, #06, #7, #9, #10, #24, and #25) 
using the Pst1F and 2R primer sets. A PCR product of ap-
proximately 860 bp was obtained from the turbot isolate (76: 
KOR-Turb), using the PstI-KF and 2R primer set, although 
no product had been obtained using the Pst1F and 2R primer 
set (data not shown). Twenty-three sequences from the eight 
isolates were deposited in the GenBank nucleotide database 
(JN815055-JN815076).
  Phylogenetic trees based on the determined nucleotide se-
quences of the PstI fragment, and the MCP and ATPase genes 
are shown in Fig 1. Sixty-three isolates were divided into three 
major clusters (M1-M3) in the phylogeny based on the MCP 
gene. Moreover, the cluster of the 40 M1 isolates was divided 
into two minor clusters, M1a and M1b (Fig. 1A). The M1a 
cluster contained 37 isolates from 16 fish species from South 
Asia to Far East Asia including Japan, Korea, Taiwan, China, 
Thailand, and Indonesia, and identities of the nucleotide se-
quence among the M1a isolates were ~99%. The M1b cluster 
contained three isolates from red seabream in Japan (#01), 
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large yellow croaker in China (#46), and silver seabream in 
Taiwan (#40), for which the nucleotide sequences were 
identical. Approximately 3% nucleotide sequence diversity 
was observed between the M1a and M1b isolates. The M2 
cluster contained five isolates from China, Malaysia, Indonesia, 
and Australia, and the isolates showed >99% nucleotide se-
quence identities to each other. The M3 cluster contained 
18 isolates from Japanese flounder, rock bream, and turbot 
from Korea and China, with nucleotide sequence identities 
>99%. The present results completely agree with the pre-
vious genogrouping of megalocytiviruses that correlated with 
geographic distribution (Song et al., 2008), indicating that M1 
corresponded to G-I for isolates widely distributed among 
various fish species in many Asian countries, M2 corresponded 
to G-II for isolates distributed mainly in Southeast Asian 
countries, and M3 corresponded to G-III for isolates limited 
to Korea and China.
  Three major clusters, M1-M3, and two minor clusters, M1a 
and M2b, were observed in the phylogeny based on the ATPase 
gene nucleotide sequence. The M1a cluster included 15 iso-
lates from 11 fish species from Japan, Korea, China, Taiwan, 
and Thailand. The M1b cluster included three isolates from 
red seabream in Japan (#01) as well as seabass and large 
yellow croaker from China (#44 and #46). The M2 cluster 
included six isolates from China, Taiwan, Malaysia, and 
Australia (#51-#53, #55, #58, and #59), and the M3 cluster 
contained one isolate from turbot in China (#79). The identi-
ties of the nucleotide sequence among isolates of each major 
or minor cluster were >99%, whereas those between each 
major cluster were 94-96%.
  Three major clusters, P1-P3 and two minor clusters, P1a 
and P1b, were also observed in the phylogeny based on the 
PstI fragment nucleotide sequence. The P1a cluster contained 
10 isolates from six fish species from Japan, Korea, China, 
and Taiwan; cluster P1b contained four isolates from red 
seabream, yellowtail, and bluefin tuna from Japan (#01, 07, 
and 10, respectively) as well as large yellow croaker from 
China (#46). The P2 cluster contained two isolates from 
Mandarin fish from China (#52) and grouper from Taiwan 
(#50), and the P3 cluster contained two isolates from turbot 
from Korea (#76) and sea perch from China (#80). Sequence 
identities between each major cluster were 93-94%.
  The 80 isolates used in the present study contained 12 iso-
lates that have not been analyzed previously for the three 
genes (#1-2, #6-9, #14, #25-26, #45-46, and #52). No differ-
ence in the distribution of those isolates in the three major 
clusters was observed across the analyzed genes. Eleven isolates 
divided into the major M1 cluster by the MCP gene analysis 
were also divided into M1 and P1 by the ATPase and PstI 
fragment gene analyses, respectively. The CHN-Manda iso-
late (#52) from the M2 cluster by the MCP gene analysis, 
also appeared in the M2 cluster by the ATPase gene analysis 
and the P2 cluster by PstI fragment analysis. Similarly, the 
KOR-Turb isolate (#76) of the M3 cluster by the MCP gene 
was located in the M3 and P3 clusters by the ATPase gene 
and PstI fragment gene analysis, respectively. These results 
indicate that the genotyping of megalocytiviruses correlated 
with geographic distribution after analyzing the ATPase and 
MCP gene, as well as the PstI fragment.
  Next, we focused on the six Japanese isolates. In the phylo-

genetic trees based on the MCP and ATPase genes, five of 
the six Japanese isolates were divided into the minor M1a 
cluster with complete identity in both the MCP and ATPase 
sequences, whereas the remaining JPN-RedSb isolate (#01) 
appeared in the minor M1b cluster. Based on the PstI frag-
ment gene, three Japanese isolates (#02, 06, and 09) were 
divided into a minor P1a cluster, whereas the other Japanese 
isolates (#01, 07 and 10) appeared in a minor P1b cluster 
with complete identity within each subgroup. Even though 
the JPN-RedSb isolate (#01) was collected 16 years earlier 
than that of the JPN-YelTail (#07) and JPN-BfTuna (#10) 
isolates, no difference in PstI fragment nucleotide sequence 
was observed among these isolates. Therefore, it was concluded 
that megalocytiviruses could have quite a stable genome with 
regard to changes in the nucleotide sequence, suggesting that 
the different M1a and M1b or P1a and P1b minor clusters 
have been present from the beginning, when RSIV was first 
found in fish. Interestingly, different genotyping patterns were 
observed for the same isolates depending on the genes 
analyzed. The JPN-YelTail (#07) and the JPN-BfTuna isolates 
(#10) were located in the M1a minor cluster based on MCP 
and ATPase nucleotide sequences but appeared in the P1b 
minor cluster based on the PstI fragment sequence. Interes-
tingly, Shinmoto et al. (2009) reported that three Japanese 
isolates with identical MCP nucleotide sequences showed sig-
nificant differences in viral virulence and antigenicity. It is 
well known that megalocytiviruses has a single, linear, double- 
stranded DNA genome. Further study will be conducted to 
compare the viral antigenicity and pathogenicity between the 
two isolates (#07 and #10) showing the shift of phylogenic 
position and the other isolates clustered within genogroup I.

Acknowledgements

This work was supported by a grant from the National 
Fisheries Research and Development Institute (NFRDI), 
Republic of Korea (RP-2011-BT -052).

References

Ao, J. and X. Chen. 2006. Identification and characterization of a 
novel gene encoding an RGD-containing protein in large yellow 
croaker iridovirus. Virology 355, 213-222.

Caipang, C.M.A., T. Takano, I. Hirono, and T. Aoki. 2006. Genetic 
vaccines protect red seabream, Pagrus major, upon challenge with 
red seabream iridovirus (RSIV). Fish Shellfish Immunol. 21, 
130-138.

Chao, C.B., S.C. Yang, H.Y. Tsai, C.Y. Chen, C.S. Lin, and H.T. 
Huang. 2002. A nested PCR for the detection of grouper iridovirus 
in Taiwan (TGIV) in cultured hybrid grouper, giant seaperch and 
largemouth bass. J. Aquat. Anim. Health 14, 104-113.

Chinchar, V.G., S. Essbauer, J.G. He, A. Hyatt, T. Miyazaki, V. Seligy, 
and T. Williams. 2005. Family Iridoviridae, p. 145-162. In C.M. 
Fauquet, M.A. Mayo, J. Maniloff, U. Desselberger, and L.A. Ball 
(eds.), Virus taxonomy, Eighth report of the International 
Committee on Taxonomy of Viruses. Academic Press, San Diego, 
USA.

Do, J.W., C.H. Moon, H.J. Kim, M.S. Ko, S.B. Kim, J.H. Son, J.S. 
Kim, E.J. An, M.K. Kim, S.K. Lee, and et al. 2004. Complete 
genomic DNA sequence of rock bream iridovirus. Virology 325, 
351-363.

Do, J.W., S.J. Cha, J.S. Kim, E.J. An, N.S. Lee, H.J. Choi, C.H. Lee, 
M.S. Park, J.W. Kim, Y.C. Kim and et al. 2005a. Phylogenetic 



986 Kwon et al.

analysis of the major capsid protein gene of iridovirus isolates 
from cultured flounders Paralichthys olivaceus in Korea. Dis. 
Aquat. Org. 64, 193-200.

Do, J.W., S.J. Cha, J.S. Kim, E.J. An, M.S. Park, J.W. Kim, Y.C. 
Kim, M.A. Park, and J.W. Park. 2005b. Sequence variation in 
the gene encoding the major capsid protein of Korean fish 
iridoviruses. Arch. Virol. 150, 351-359.

Gibson-Kueh, S., G.H. Ngoh-Lim, P. Netto, J. Kurita, K. Nakajima, 
and M.L. Ng. 2004. A systemic iridoviral disease in mullet, 
Mugilcephalus L., and tiger grouper, Epinephelus foscoguttatus 
Forsskal: a first report and study. J. Fish Dis. 27, 693-699.

Go, J., M. Lancaster, K. Deece, O. Dhungyel, and R. Whittington. 
2006. The molecular epidemiology of iridovirus in Murray cod 
(Maccullochellapeelii peelii) and dwarf gourami (Colisa lalia) from 
distant biogeographical regions suggests a link between trade in 
ornamental fish and emerging iridoviral diseases. Mol. Cell. 
Probes 20, 212-222.

Hanson, L.A., L.P. Hanson, K.O. Meals, V.G. Chinchar, M. Rudis. 
2001. Persistence of largemouth bass virus infection in a Northern 
Mississippi reservoir after a die-off. J. Aquat. Anim. Health 13, 
27-34.

He, J.G., K. Zeng, S.P. Weng, and S.M. Chan. 2000. Systemic disease 
caused by an iridovirus-like agent in cultured mandarinfish, 
Siniperca chuatsi (Basillewsky), in China. J. Fish Dis. 23, 219-222.

He, J.G., M. Deng, S.P. Weng, Z. Li, S.Y. Zhou, Q.X. Long, X.Z. 
Wang, and S.M. Chan. 2001. Complete genome analysis of the 
mandarin fish infectious spleen and kidney necrosis iridovirus. 
Virology 291, 126-139.

Imajoh, M., T. Ikawa, and S. Oshima. 2007. Characterization of a 
new fibroblast cell line from a tail fin of red sea bream, Pagrus 
major, and phylogenetic relationships of a recent RSIV isolate 
in Japan. Virus Res. 126, 45-52.

Inouye, K., K. Yamano, Y. Maeno, K. Nakajima, M. Matsuoka, Y. 
Wada, and M. Sorimachi. 1992. Iridovirus infection of cultured 
red sea bream, Pagrus major. Fish Pathol. 27, 19-27.

Jeong, J.B., H.Y. Kim, K.H. Kim, J.K. Chung, J.L. Komisar, and 
H.D. Jeong. 2006. Molecular comparison of iridoviruses isolated 
from marine fish cultured in Korea and imported from China. 
Aquaculture 255, 105-116.

Jeong, J.B., K.H. Park, H.Y. Kim, S.H. Hong, K.H. Kim, J.K. Chung, 
J.L. Komisar, and H.D. Jeong. 2004. Multiplex PCR for the diag-
nosis of red sea bream iridoviruses isolated in Korea. Aquaculture 
235, 139-152.

Jeong, J.B., L.J. Jun, M.H. Yoo, M.S. Kim, J.L. Komisar, and H.D. 
Jeong. 2003. Characterization of the DNA nucleotide sequences 
in the genome of red sea bream iridoviruses isolated in Korea. 
Aquaculture 220, 119-133.

Kawakami, H. and K. Nakajima. 2002. Cultured fish species affected 
by red sea bream iridoviral disease from 1996 to 2000. Fish 
Pathol. 37, 45-47.

Kim, T.J., E.J. Jang, and J.I. Lee. 2008. Vaccination of rock bream, 
Oplegnathus fasciatus (Temminck& Schlegel), using a recombinant 
major capsid protein of fish iridovirus. J. Fish Dis. 31, 547-551.

Kim, T.J., T.S. Jung, and J.I. Lee. 2007. Expression and serological 
application of a capsid protein of an iridovirus isolated from rock 
bream, Oplegnathus fasciatus (Temminck & Schlegel). J. Fish Dis. 
30, 691-699.

Kim, W.S., M.J. Oh, S.J. Jung, Y.J. Kim, and S.I. Kitamura. 2005. 
Characterization of an iridovirus detected from cultured turbot 
Scophthalmus maximus in Korea. Dis. Aquat. Org. 64, 175-180.

Kurita, J., K. Nakajima, I. Hirono, and T. Aoki. 1998. Polymerase 
chain reaction (PCR) amplification of DNA of red sea bream 
iridovirus (RSIV). Fish Pathol. 33, 17-23.

Lü, L., S.Y. Zhou, C. Chen, S.P. Weng, S.M. Chan, and J.G. He. 
2005. Complete genome sequence analysis of an iridovirus iso-
lated from orange-spotted grouper, Epinephelus coioides. Virology 
339, 81-100.

Mahardika, K., Haryanti, A. Muzaki, and T. Miyazaki. 2008. Histo-
pathological and ultrastructural features of enlarged cells of 
humpback grouper Cromileptes altivelis challenged with Megalo-
cytivirus (family Iridoviridae) after vaccination. Dis. Aquat. Org. 
79, 163-168.

Nakajima, K., T. Ito, J. Kurita, H. Kawakami, T. Itano, Y. Fukuda, 
Y. Aoi, T. Tooriyama, and S. Manabe. 2002. Effectiveness of a 
vaccine against red sea bream iridoviral disease in various cul-
tured marine fish under laboratory conditions. Fish Pathol. 37, 
90-91.

Nakajima, K., Y. Maeno, A. Honda, K. Yokoyama, T. Tooriyama, 
and S. Manabe. 1999. Effectiveness of a vaccine against red sea 
bream iridoviral disease in a field trial test. Dis. Aquat. Org. 36, 
73-75.

Nakajima, K., Y. Maeno, J. Kurita, and Y. Inui. 1997. Vaccination 
against red sea bream iridoviral disease in red sea bream. Fish 
Pathol. 32, 205-209.

Park, S.J., H.J. Seo, J.H. Son, H.J. Kim, Y.I. Kim, K.H. Kim, Y.K. 
Nam, and S.K. Kim. 2005. Development of DNA vaccine against 
red sea bream iridovirus (RSIV). J. Microbiol. Biotechnol. 15, 
873-879.

Perrière, G. and M. Gouy. 1996. WWW-Query: An on-line retrieval 
system for biological sequence banks. Biochemie 78, 364-369.

Shi, C.Y., Y.G. Wang, S.L. Yang, J. Huang, and Q.Y. Wang. 2004. 
The first report of an iridovirus-like agent infection in farmed 
turbot, Scophthalmus maximus, in China. Aquaculture 236, 11-25.

Shinmoto, H., K. Taniguchi, T. Ikawa, K. Kawai, and S.I. Oshima. 
2009. Phenotypic diversity of infectious red sea bream iridovirus 
isolates from cultured fish in Japan. Appl. Environ. Microbiol. 75, 
3535-3541.

Song, J.Y., S.I. Kitamura, S.J. Jung, T. Miyadai, S. Tanaka, Y. Fukuda, 
S.R. Kim, and M.J. Oh. 2008. Genetic variation and geographic 
distribution of megalocytiviruses. J. Microbiol. 46, 29-33.

Sudthongkong, C., M. Miyata, and T. Miyazaki. 2002. Viral DNA 
sequences of genes encoding the ATPase and the major capsid 
protein of tropical iridovirus isolates which are pathogenic to 
fishes in Japan, South China Sea and Southeast Asian countries. 
Arch. Virol. 147, 2089-2109.

Tamaru, Y., M. Ohtsuka, K. Kato, S. Manabe, K. Kuroda, M. Snada, 
and M. Ueda. 2006. Application of the arming system for the 
expression of the 380R antigen from red sea bream iridovirus 
(RSIV) on the surface of yeast cells: A first step for the develop-
ment of an oral vaccine. Biotechnol. Prog. 22, 949-953.

Thompson, J.D., D.G. Higgins, and T.J. Gibson. 1994. CLUSTAL 
W: improving the sensitivity of progressive multiple sequence 
alignment through sequence weighting, position-specific gap pen-
alties and weight matrix choice. Nucleic Acids Res. 22, 4673-4680.

Thompson, J.D., T.J. Gibson, F. Plewniak, F. Jeanmougin, and D.G. 
Higgins. 1997. The CLUSTAL X windows interface: flexible strat-
egies for multiple sequence alignment aided by quality analysis 
tools. Nucleic Acids Res. 25, 4876-4882.

Qin, Q.W., S.F. Chang, G.H. Ngoh-Lim, S. Gibson-Kueh, C. Shi, and 
T.J. Lam. 2003. Characterization of a novel ranavirus isolated 
from grouper Epinephelus tauvina. Dis. Aquat. Org. 53, 1-9.

Wang, C.M., S.Y. Chao, C.C. Ku, C.M. Wen, and A.A. Shih. 2009. 
PCR amplification and sequence analysis of major capsid protein 
gene of megalocytiviruses isolated in Taiwan. J. Fish Dis. 32, 
543-550.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


