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INTRODUCTION

Iridoviruses are a family of large, double-stranded
DNA viruses that range from 120 to 200 nm in dia -
meter. According to the Eighth Report of the Inter -
national Committee on Taxonomy of Viruses, the
family Iridoviridae is divided into 5 genera: Irido -
virus, Chloriridovirus, Lymphocystivirus, Rana virus,
and Megalocytivirus, which differ in host range, par-
ticle size, and genetic characteristics (Chinchar et al.
2005, Williams et al. 2005). Viruses belonging to 3
genera, Lymphocystivirus, Ranavirus, and Megalo-
cytivirus, are capable of infecting vertebrates includ-
ing teleost fish. Of these viruses, megalocytiviruses
are known to cause heavy economic losses in farmed

fish, particularly in Asian countries such as China,
Korea, and Japan (Kurita & Nakajima 2012). The host
range of megalocytiviruses includes a variety of mar-
ine and freshwater fish species, notably rock bream,
turbot, grouper, cichlids, red sea bream, gourami,
and sea bass (Chou et al. 1998, Wang et al. 2003, Go
et al. 2006, Whittington et al. 2010).

The complete genome sequences of at least 17 iri-
doviruses have been reported (Table 1). There are
great variations with respect to genome size, GC
content, and coding capacity between different
genera of irido viruses, and the genus Megalocy-
tivirus, which includes ISKNV, RSIV, RBIV, OSGIV,
TRBIV, and LYCIV, is divergent from all other gen-
era. However, within the genus Megalocytivirus,
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there exist high levels of sequence conservation and
colinear arrangement of genes (Eaton et al. 2007). In
general, different species of megalocytiviruses have
comparable genome sizes (110−112 kb), GC content
(53−55%), and numbers of open reading frames
(ORFs; 115−124).

Zhang et al. (2012) reported the first rock bream
 iridovirus isolate from China, RBIV-C1, which had
caused a severe epidemic outbreak. RBIV-C1 was
classified as a megalocytivirus based on the se quences
of conserved genes and histopathological symptoms
of the infected fish. In the present study, we sequenced
the complete ge nome of RBIV-C1 and analyzed its
genetic features in comparison with other known
megalocytiviruses. In addition, we also examined the
transcription profiles of all predicted ORFs of RBIV-
C1 during the course of infection in rock bream. Our
results provide further understanding regarding the
genetic nature and gene expression patterns of
megalocytiviruses.

MATERIALS AND METHODS

Viral DNA preparation

Spleen and kidney from the moribund rock bream
were homogenized in pre-cooled phosphate-buffered
saline (PBS; pH 7.4), and the homogenate was cen-
trifuged at 2500 × g (30 min at 4°C). The supernatant

was filtered through a 0.2 µm membrane and stored
at −80°C. Viral DNA preparation was performed as
described by Shinmoto et al. (2009), and the obtained
DNA was dissolved in TE buffer (10 mM Tris-HCl,
1 mM EDTA, pH 8.0).

PCR amplification and DNA sequencing

The complete genomic DNA of RBIV-C was se -
quenced using a PCR-based method. As RBIV-C
showed high homology to RBIV and OSGIV, the
primers were designed according to the DNA se -
quences of RBIV and OSGIV recovered from the
GenBank database (accession nos. AY532606 and
AY894343). The PCR products ranged from 1000 to
3000 bp in length, and the initial PCR products were
designed to have at least 200 bp of overlapping se -
quence. PCR was conducted with a Biometra Tper-
sonal thermocycler in a volume of 20 µl containing
50 mM KCl, 20 mM Tris-HCl (pH 8.4), 1.5 mM
MgCl2, 0.1% Triton X-100, 100 pM of each primer,
0.2 mM of each dNTP, 1 U Taq DNA polymerase, and
100 ng template DNA. The PCR products were
cloned into the T-A cloning vector pEASY-T1 (Trans-
Gen Bio tech), and the recombinant plasmids were
used for sequence determination with an ABI PRISM
3730 automated DNA sequencer in both directions
with the universal primers of the plasmid (M13 For-
ward Primer and M13 Reverse Primer).
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Table 1. Iridoviruses from vertebrate and invertebrate hosts, for which the viral genomes have been completely sequenced

Virus                                                                         Abbreviation            GenBank accession no.            Reference

Lymphocystis disease virus type 1                             LCDV-1                          NC_001824                      Tidona & Darai (1997)
Infectious spleen and kidney necrosis virus               ISKNV                           NC_003494                      He et al. (2001)
Chilo iridescent virusa                                                     CIV                               AF303741                       Jakob et al. (2001)
Tiger frog virus                                                                TFV                              AF389451                       He et al. (2002)
Red seabream iridovirus                                                RSIV                              BD143114                       Kurita et al. (2002)
Ambystoma tigrinum stebbensi virus                            ATV                              AY150217                       Jancovich et al. (2003)
Rock bream iridovirus                                                    RBIV                             KC244182                       Do et al. (2004)
Frog virus 3                                                                     FV-3                             NC_005946                      Tan et al. (2004)
Singapore grouper iridovirus                                        SGIV                            NC_006549                      Song et al. (2004)
Lymphocystis disease virus isolated in China           LCDV-C                         NC_005902                      Zhang et al. (2004)
Orange-spotted grouper iridovirus                             OSGIV                            AY894343                       Lü et al. (2005)
Grouper iridovirusb                                                         GIV                              AY666015                       Tsai et al. (2005)
Large yellow croaker iridovirus                                   LYCIV                            AY779031                       Ao & Chen (2006)
Invertebrate iridescent virus type 3                              IIV-3                             DQ643392                       Delhon et al. (2006)
Soft-shelled turtle iridovirusc                                         STIV                              EU627010                       Huang et al. (2009)
Turbot reddish body iridovirus                                     TRBIV                            GQ273492                       Shi et al. (2010)
Rana grylio virus                                                             RGV                              JQ654586                       Lei et al. (2012)

aListed as species Insect iridescent virus 6 (IIV-6) in the ICTV database (http://ictvonline.org)
bGIV is believed to be a related strain to SGIV
cSTIV is believed to be a related strain to FV3
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Sequence analysis

Genomic DNA composition, structure, and homolo-
gous regions were analyzed using DNASTAR. The
ORFs and the encoded amino acid sequences were
predicted using Genome Annotation Transfer Utility
(http:// athena. bioc. uvic. ca/ help/ tool- help/ help-books/
genome- annotation- transfer- utility- gatu-document-
ation/) and the National Center for Biotechnology
Information (NCBI) ORF finder (www. ncbi. nlm. nih.
gov/ gorf/ gorf.html). Protein database searches were
conducted using BLASTP at the NCBI Web site
(www.ncbi.nlm.nih.gov). Comparative genome ana -
lysis was performed with Clustal-X 2.0 (Larkin et al.
2007) and MAFFT (Katoh & Toh 2008). DNA dot
matrix analysis was conducted using Java Dot Plot
Alignments (Jdotter; Brodie et al. 2004).

In vivo transcriptional profile of RBIV-C1

Rock bream (average 14.6 g) were sourced from a
fish farm in Shandong Province, China. RBIV-C1 was
suspended in PBS to 1 ×106 copies ml−1. The fish were
experimentally infected with RBIV-C1 by intraperi-
toneal injection of each fish with 100 µl RBIV-C1 sus-
pension. At 0, 2, 5, 8, and 11 d post-infection (dpi),
the spleens were removed from the sampled fish
(4 fish per time point) and analyzed by quantitative
real time reverse transcription-PCR (qRT-PCR). Total
RNA was extracted from the tissues with the EZNA
Total RNA Kit (Omega Bio-tek) and treated with
RNase-free DNase I (MBI Fermentas). The quality of
the RNA was examined by determining its 260/280
absorbance ratio using a NanoDrop 2000 (Thermo
Scientific) and by gel electrophoresis. One micro-
gram of total RNA was used for cDNA synthesis with
ReverAid™ reverse transcriptase (MBI Fermentas)

according to the manufacturer’s instructions. qRT-
PCR was carried out in an Eppendorf Mastercycler
using the SYBR ExScript qRT-PCR Kit (Takara) as
described previously (Zheng & Sun 2011). Melting
curve analysis of amplification products was per-
formed at the end of each PCR to confirm that only 1
PCR product was amplified and detected. The
expression level of each gene was analyzed using the
comparative threshold cycle method (2−ΔΔCT). The
reaction was performed in triplicate, and the data are
presented in terms of mRNA levels relative to that of
β-actin and expressed as means ± SE.

RESULTS AND DISCUSSION

Characteristics of the RBIV-C1 genome

GC content and coding capacity

The complete genome of RBIV-C1 is similar in size
to the genomes of RSIV, RBIV, OSGIV, LYCIV,
TRBIV, and ISKNV (Table 2). Like most iridoviruses,
the RBIV-C1 se quence is circularly permuted and
was assembled into a circular form. RBIV-C1 has
55% G+C, which are distributed uniformly over the
genome (Fig. 1). The GC content of RBIV-C1 is iden-
tical to that of TRBIV (55%), FV-3 (55%), and TFV
(55%), comparable to those of ISKNV (54.8%),
OSGIV (54%), ATV (54%), RBIV (53%), and SGIV
(48.64%), and much higher than that of LCDV-C
(27.25%) and LCDV-1 (29.1%). A total of 119 puta-
tive ORFs were identified in RBIV-C1, which include
the 26 core genes of iridoviruses (Eaton et al. 2007).
The number of ORFs is close to those of RBIV, TRBIV,
OSGIV, and ISKNV (Table 2). Of the 119 ORFs of
RBIV-C1, 48 (40.3%) are on the sense (R) DNA strand
and 71 (59.7%) are on the antisense (L) strand. The
sizes of the ORFs range from 120 to 3849 bp, and the
corresponding encoded proteins range from 39 to
1282 resi dues in length (Fig. 1, see also Table S1 in
the Supplement at www. int-res. com/ articles/ suppl/
d104 p203 _ supp .pdf). The total ORF length is 103 353
bp, which accounts for 92% of the entire genome.
The percent coding density of RBIV-C1 is similar to
OSGIV (91%), ISKNV (93%), and RBIV (86%).

Frequencies of simple sequence repeats (SSRs)

A genome-wide scan of RBIV-C1 identified a total
of 4584 SSR tracts (Table 3), which are distributed
evenly in the genome (Fig. 2). Of the 4584 SSRs, 4089,
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Virus          Geographic     Genome size     G+C      No. of
                      location                (bp)              (%)        ORFs

RBIV-C1         China               112333            53          119
OSGIV           China               112636            54          121
RBIV               Korea               112080            53          118
RSIV               Japan               112415            53          116
LYCIV            China               111760            54            –
TRBIV            China               110104            55          115
ISKNV            China               111362            55          124

Table 2. Summary of genomic information of 6 sequenced
megalocytiviruses. RBIV-C1 sequence has the GenBank ac-
cession no. KC244182; other accession nos. and full virus 

names in Table 1. ORF: open reading frame

http://www.int-res.com/articles/suppl/d104p203_supp.pdf
http://www.int-res.com/articles/suppl/d104p203_supp.pdf
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437, 57, and 1 are mono-, di-, tri-, and tetra-nucleo-
tide, respectively. For mononucleotide SSRs, the
number of repeats range between 3 and 8, although
they are mostly 3 to 5. For di- and tri-nucleotide SSRs,
3 repeats occur most often, and the maximum repeats
are 7 and 6, respectively. There is only 1 tetra-nucleo-
tide SSR, which has 3 repeats. When the sequence of
RBIV-C1 was screened for SSR locations relative to
the ORFs, it was found that 89.8 and 10.2% of SSRs
are distributed among coding and non-coding re-
gions, respectively. Similarly, in bacteria, SSRs are lo-
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Fig. 1. Organization of the RBIV-C1 genome. (A) Predicted open reading frame (ORF) map. Arrows indicate the approximate
size and transcription direction of the ORFs. White arrows represent ORFs with predicted functions, and black arrows repre-

sent ORFs with unknown function. (B) GC content

No. of         Mono-            Di-               Tri-            Tetra-
SSRs        nucleotide  nucleotide   nucleotide   nucleotide
per locus

3                    3225             387                49                 1
4                     646               45                  7                  –
5                     158                4                   –                   –
6                      46                 –                   1                  –
7                      12                 1                   –                   –
8                       2                  –                   –                   –

Table 3. Number of simple sequence repeats (SSR) in RBIV-C1
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cated in both ORFs and non-coding regions, and
changes in SSRs can cause altered gene expression,
which facilitates selection of bacterial populations
that are better adapted to the host environment
(Moxon et al. 2006, Power et al. 2009). The biological
significance of viral SSRs is not clear. It remains to be
investigated whether the non-coding SSRs in RBIV-
C1 and other viruses have any regulatory effects on
the expression of neighboring genes. In RBIV-C1, it is
noteworthy that of the SSRs that are located in the
coding regions, most occur in 4 ORFs, i.e. ORF60L,
ORF30L, ORF35R, and ORF25R, which contain 149,
141, 135, and 130 SSRs, respectively.

Predicted functions of the ORF-encoded proteins

The ORFs of RBIV-C1 are in general highly con-
served among known megalocytiviruses, in parti -
cular OSGIV and RBIV. Of the 119 ORFs identified
in RBIV-C1, 117 have homologous counterparts in
OSGIV and RBIV. The nucleotide sequence identi-
ties of the homologous ORFs are 96 to 100%
between RBIV-C1 and OSGIV and 92 to 100%
between RBIV-C1 and RBIV (Table S1). Among the
ORFs, 86 are 100% identical between RBIV-C1 and
OSGIV, and 37 ORFs are 100% identical between
RBIV-C1 and RBIV (Table S1). Moreover, 41 ORFs
encode proteins with predictable functions, includ-
ing proteins associated with DNA replication, tran-
scription, modification, virus structure, and host
interaction (Table S1). Specifically, the ORFs in -
volved in DNA replication and repair include 21R,

29L, 33R, 59L, 61L, 105L, and 107R, which encode a
DNA polymer ase, DNA repair protein RAD2,
deoxyribonucleoside kinase, putative replication
factor, SNF2 family helicase, D5 family NTPase, and
proliferating cell nuclear antigen, re spectively.
These proteins play critical roles in viral DNA repli-
cation, repair, and recombination (Hamilton & Evans
2005, De Silva et al. 2007, Nash et al. 2007).
ORF26R encodes the small chain of ribonucleotide
reductase. This enzyme functions to reduce ribo -
nucleotides into deoxyribonucleotides, the latter of
which are used in the synthesis of DNA. Genes
encoding the large and small subunits of ribonu-
cleotide reductase are found in all iridoviruses
except megalocytiviruses, in which only the small
subunit is present (Kurita & Nakajima 2012). ORFs
14R, 24L, 44L, and 109L of RBIV-C1 en code a ser-
ine/threonine protein  kinase catalytic domain, puta-
tive phosphatase, thiol oxidoreductase, and tyrosine
kinase, respectively, which are likely to be in volved
in modification of viral and host proteins. ORFs 30L,
31L, 35R, 62L, and 84R encode the largest subunit
of the DNA-dependent RNA polymerase, transcrip-
tion elongation factor SII, RNA polymerase beta
subunit, mRNA capping enzyme, and ribonuclease
III, re spectively. These proteins are 94 to 100%
identical to their respective counterparts in OSGIV
and RBIV, which are involved in viral RNA process-
ing, transcription elongation, and regulation (Ito et
al. 2006, Kim et al. 2007). Putative viral structural
proteins include transmembrane amino acid trans-
porter protein (ORF1L), proteins with transmem-
brane domains (ORF5L, ORF51L, ORF52L, and
ORF93L), major capsid protein (ORF7L), and
myristylated membrane proteins (ORF8L, ORF55L,
and ORF56L). In a proteomic study of SGIV, the
myristylated membrane proteins were identified as
envelope proteins, and the protein equivalent to
ORF8L was found to bind a membrane protein of
the host grouper (Zhou et al. 2011). In RBIV-C1,
putative virus−host interaction proteins include
RING-finger-containing ubiquitin ligase (ORF13R,
ORF63L, ORF64L), laminin-type epidermal growth
factor-like protein (ORF25R),  vascular endothelial
growth factor-like protein (ORF49R), RING-finger
domain-containing protein (ORF94L and ORF114R),
ankyrin repeat-containing protein (ORF97R,
ORF113L, and ORF119L), suppressor of cytokine
signaling protein (ORF98R), and tumor necrosis fac-
tor receptor-associated factor (ORF106L). These pro-
teins are highly conserved among iridoviruses. In
ISKNV, the RING-finger do main-containing proteins
encoded by ORF12, ORF65, ORF66, and ORF111
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Fig. 2. Distribution and length of simple sequence repeats 
(SSRs) in RBIV-C1
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(equivalent to RBIV-C1 ORF13R, ORF63L, and
ORF64L) possess ubiquitin ligase activity in a man-
ner that depends on the RING motif (Xie et al.
2007), and that ORF48R (equivalent to RBIV-C1
ORF49R) is able to induce vascular permeability in
zebrafish and cause pericardial edema of zebrafish
embryos (Wang et al. 2008).

Genomic comparison between RBIV-C1 
and other megalocytiviruses

Global pairwise alignment

Sequence alignment showed that the overall gen -
ome sequence of RBIV-C1 resembles most closely
those of OSGIV and RBIV, with the pairwise nucleo-
tide identities being 99.5% between RBIV-C1 and
OSGIV and 98.7% between RBIV-C1 and RBIV. To
further examine the global sequence conservation
be tween RBIV-C1 and OSGIV and RBIV as well as 2
other fully sequenced megalocytiviruses, i.e. TRBIV
and ISKNV, a nucleotide-to-nucleotide comparison
was conducted. The resulting dot plots revealed the
highest levels of sequence colinearity between RBIV-
C1 and OSGIV and RBIV (Fig. 3), suggesting the
existence of high degrees of sequence conservation
among these viruses. Alignment of RBIV-C1 with
TRBIV and ISKNV showed large gaps (over 100 bp)
that disrupt the colinearities of the aligned se quences,
suggesting that compared to OSGIV and RBIV,
TRBIV and ISKNV exhibit lesser degrees of sequence
identities with RBIV-C1.

Single nucleotide polymorphisms (SNPs)

Since RBIV-C1 is most closely related to OSGIV
and RBIV, we compared RBIV-C1 with these 2
viruses in more detail. A survey of SNPs indicated
that when OSGIV was used as a reference, RBIV-C1
exhibits 103 SNPs, 89 and 14 of which are located in
the coding and non-coding regions, respectively
(Fig. 4, Table 4). Of the 89 coding-region SNPs, 28
are synonymous mutations and 61 are non-synony-
mous mutations, 12 of the latter being clustered in
ORF35. Compared to RBIV, RBIV-C1 contains 485
SNPs, 449 of which are located in the coding region.
Of the 449 coding-region SNPs, 262 are non-synony-
mous mutations and are distributed widely in differ-
ent ORFs. In contrast to OSGIV and RBIV, when RSIV
was used as a reference, the SNPs in RBIV-C1
increased drastically to 3145.

Insertions/deletions

With OSGIV as a reference, 11 insertions and 13
deletions were identified in RBIV-C1, of which 9
insertions and 10 deletions are in the coding regions
(Fig. 5A,B, Table 4). Compared to RBIV, RBIV-C1
contains 51 insertions and 44 deletions, with 34 inser-
tions and  40 deletions located in the coding regions
(Fig. 5C,D, Table 4). Of the insertions/deletions be -
tween RBIV-C1 and OSGIV, 4 are over 60 bp in size
and distributed in ORF27R, ORF95L, and ORF111R
(Fig. 6). Seven >60 bp insertions/ deletions were
found between RBIV-C1 and RBIV, which are located
in ORF19R, ORF25R, ORF27R, ORF70L, ORF111R,
and ORF119L (Fig. 6). Some of the  insertions/deletions
cause frame shift and consequently alter the sequence
of the encoded proteins. For instance, compared to
the ORF35L of OSGIV, the counterpart ORF of RBIV-
C1, i.e. ORF32L, has 2 tandem adenine insertions,
which result in an encoded protein with 13 more
residues. In addition, comparative genomic ana lysis
revealed that ORF60L of RBIV-C1, which encodes a
putative DNA-binding protein, is absent in OSGIV.
The occurrence of ORF60L in RBIV-C1 is due to dele-
tion of a cytosine at the position of 54 921 bp of RBIV-
C1. It will be interesting to examine, e.g. via muta-
tional analysis, whether these differences in ORF and
proteins are associated with host-specific infection.

In vivo transcription profiles 
of the 119 predicted ORFs of RBIV-C1

To examine the expression patterns of the pre-
dicted RBIV-C1 genes represented by the 119 ORFs,
rock bream were infected with RBIV-C1, and the
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                                    OSGIV                        RBIV

SNPs                               103                            485
Non-coding                     14                              36
Coding                             89                             449
Synonymous                   28                             187
Non-synonymous           61                             262

Insertions/         Coding  Intergenic  Coding   Intergenic 
deletions             region       region       region       region

Insertions                9                2               34              17
Deletions                10               3               40               4
Total                       19               5               74              21

Table 4. Single nucleotide polymorphisms (SNPs) and
 insertions/  deletions of RBIV-C1 in comparison with OSGIV 

and RBIV
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mRNA levels of the 119 ORFs in spleen were deter-
mined by qRT-PCR at 5 time points, i.e. 0, 2, 5, 8, and
11 dpi, which represent roughly the early, middle,
and late infection stages. At the early infection time
(2 dpi), fish behaved normally and exhibited no
pathological signs; at the middle infection stage (5 to
8 dpi), clinical symptoms were observed in some fish;
at the late infection stage (11 dpi), mortality began to
occur. The results of qRT-PCR showed that at 2 dpi,

69 (58%) ORFs were found to be in expression, with
high levels (69- to 109-fold) of expression observed
with ORF66R, ORF107R, ORF119L, and ORF118R. In
a previous microarray analysis of gene transcription
of RSIV during in vitro infection, Lua et al. (2005)
observed that 6.5% of total viral ORFs commenced
expression at 3 h post-infection, and that by 48 h
post-infection, 95.7% of the ORFs were expressed.
Likewise, in our study, we found that as the infection
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Fig. 3. Alignment of the genomic sequence of RBIV-C1 with those of OSGIV, RBIV, TRBIV, and ISKNV by dot matrix plots. In
each case, the y-axis represents RBIV-C1. Solid lines indicate colinearity, and white arrows indicate >100 bp gaps between the 

aligned genomes
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Fig. 4. Single nucleotide mutations (SNPs) of RBIV-C1 in comparison with (A) OSGIV and (B) RBIV. Red lines outside the map 
indicate the positions of the SNPs, and the blue color represents coding regions
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progressed, the number of expressed ORFs in creased
rapidly and reached 117 (98%) at 5 and 8 dpi. At
these 2 time points, the only 2 ORFs that re mained
comparable in expression level to 0 dpi were ORF26R
and ORF112L. At 11 dpi, expression of all ORFs
except for ORF112 was detected. ORF112 was the
only ORF whose expression was not detected at all of
the examined time points. A previous study of SGIV
revealed that 90 to 94% viral genes were signifi-

cantly expressed in the early infection stage between
1 and 4 dpi and reached peak expression at 4 dpi,
and that the expression levels of most genes began to
decrease after 5 dpi (Teng et al. 2008). In our study,
18 (15%) and 100 (84%) ORFs reached maximum
expression at 8 and 11 dpi, respectively. Compared to
other ORFs, ORF119, ORF66, ORF118, ORF52, and
ORF56 have the highest expression levels at all time
points.
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Fig. 5. Deletions/insertions between (A,B) RBIV-C1 and OSGIV and (C,D) RBIV. Numbers indicate the beginning positions of 
deletions or insertions, and the blue color represents coding regions
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Hierarchical clustering, in which the expression of
each gene at every time point was compared and
classified according to similarities in expression
trends and in the change rate of expression levels,
was applied to analyze the expression patterns of the
119 ORFs. The results are illustrated in Fig. 7. The
first level of classification was based on expression
trends, which showed that the 119 genes were classi-
fied into 3 groups. The first group consists of 94
genes, which expressed at increased levels as the
infection progressed; the second group consists of 19

212

Fig. 7. Temporal expression patterns (days post-infection,
dpi) of RBIV-C1 open reading frames shown in a colored
mosaic matrix. The 10 different color bars stand for expres-
sion levels of 0- to 2-fold, 2- to 16-fold, 16- to 100-fold, … , 

and >100000-fold, respectively

Fig. 6. Schematic representation of the major  insertions/
deletions between RBIV-C1 and OSGIV and RBIV. Numbers
indicate positions of the insertions/deletions, white bars
 represent genome fragments, black bars indicate insertions, 

and thin lines indicate deletions
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genes (ORF1L, ORF9R, ORF31L, ORF34L, ORF62L,
ORF64L, ORF65L, ORF66R, ORF71L, ORF72R, ORF -
83R, ORF95L, ORF97R, ORF98R, ORF99R, ORF100R,
ORF102L, ORF106L, and ORF114R), whose expres-
sion increased at first and then de creased with the
process of infection. The third group contains 5 genes
(ORFs 11L, 18L, 26R, 76R, and 110R), which dis-
played diphasic expression patterns. Within each
group, a second level of classification was applied
based on the rate at which the expression level
changed. For example, within the first group of the
94 genes that exhibited increased expression through-
out the course of infection, 22 genes expressed at rel-
ative slowly increasing rates, 44 genes expressed at
moderately increasing rates, and 28 genes expressed
at dramatically increasing rates. Overall, the qRT-
PCR data indicate that the majority of the predicted
genes exhibited enhanced expression from early to
late infection stages, which suggests that the virus
had experienced replication, transcription, transla-
tion, and viral particle assembly in the infected host
during the examined time course.

CONCLUSION

The results of this study demonstrate that RBIV-
C1 resembles known megalocytiviruses in general
genomic organization, GC content, coding capacity,
and conserved essential genes. RBIV-C1 is most
closely related to OSGIV and shares more than 99%
sequence identity with the latter, suggesting that
RBIV-C1 and OSGIV are likely 2 variant strains of
the same species. These results indicate a high level
of homology between different Megalocytivirus iso-
lates, in particular among those identified in China,
which suggests a possible genetic origin from the
same evolutionary lineage. Since the Chinese iso-
lates were from different fish species, it will be
interesting for future studies to compare their host
ranges. Compared to OSGIV and RBIV, RBIV-C1
possesses distinct sequence features as reflected in
the characteristic SNPs, deletions, and insertions,
which may serve as diagnostic markers for the iden-
tification of different strains. Whole-genome tran-
scription analysis showed that of the 119 ORFs con-
tained in RBIV-C1, 118 were expressed during in
vivo infection and, based on their expression pat-
terns, grouped roughly into 3 hierarchical clusters.
These results add new information to the genetic
nature of megalocytiviruses and provide a basis for
future study of gene expression and regulation in
megalocytiviruses.
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