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ABSTRACT

Dark body disease has become a serious problem for climbing perch, Anabas testudineus, cultured in
freshwater intensive farming systems in Vietnam. Outbreaks of the disease occur when the fish are about 20-65 days
old with 40 - 100% mortality. The main clinical signs of the disease are dark body, haemorrhagic or yellowish liver,
and little or no food in the intestines. The disease has recently been attributed to a virus of unknown type. Electron
microscopy analysis detected the virus in liver and kidney tissues but not in brain tissues of infected fish. The virion
has a symmetric shape with a size of about 150-160nm and is surrounded by a capsid layer. Using primers designed
to sequence the major capsid protein (MCP) gene of red seabream iridovirus (RSIV) yielded PCR products from DNA
of infected fish. In a phylogenetic analysis based on the partial MCP sequence, the virus clustered with viruses in the
genus Megalocytivirus of the family Iridoviridae and it is closely related to infectious spleen and kidney necrosis virus
(ISKNV). This study indicated the involvement of a Megalocytivirus in the dark body disease of climbing perch
cultured in Vietnam.
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Megalocytivirus lién quan t&i bénh den than
trén ca ré6 dong nudi tham canh (Anabas testudineus) & Viét Nam

TOM TAT

Bénh den than da va dang dwoc xem la mét trong nhitng méi nguy ddi véi nghé nudi ca rdé déng tham canh &
Viét Nam. Bénh thwong xuét hién & ca trong giai doan tir 20 dén 65 ngay tudi va ty & ca chét do bénh gay ra tir 40
dén 100%. D4u hiéu bénh ly dién hinh ctia ca bj bénh | toan than ca chuy&n mau den, gan xuét huyét hodc chuyén
mau nhot nhat, rudt khong cé hodc co rat it thire &n. Bénh dwoc xac dinh 1a ¢6 lién quan téi tac nhan vi rat. Két qua
phan tich dwai kinh hién vi dién tir da phat hién thay sw cd mat clia cac tidu phan vi rit trong gan va than cla ca
bénh nhung khéng phat hién thdy trong td chirc ndo. Vi rit c6 dang hinh khéi da dién dwdng kinh khoang 150-160
nm va cé vé capsid bao quanh. Vi rdt ciing cé thé nhan biét bang ky thuat PCR khi st dung cép mdi dic hiéu cho
protein MCP ctia Iriovirus RSIV gay bénh trén ca trap dd. Két qua phan tich cay pha hé dwa trén sy twong déng clia
doan gen MCP déc trwng cho nhém Iridovirus da xac dinh dwoc vi rit & ca ré déng bi bénh den than thudc gibng
Megalocytivirus, ho Iridoviridae va gan gii v&i vi rat gay hoai t& than va lach truyén nhiém ISKNV. Két qua nghién
ctu nay da khing dinh sy lién quan ctia Megalocytivirus déi v&i bénh den than trén ca rdé ddng nudi tham canh &
Viét Nam.

Tw khda: Bénh den than, ca ré déng, Anabas testudineus, Megalocytivirus, Iridovirus
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1. INTRODUCTION

Climbing perch, Anabas testudineus (Bloch
1792), is considered a promising freshwater fish
species for intensive farming in Vietnam (Le,
2003). However, outbreaks of dark body disease
have recently been occurring in a large majority
of farms. The disease appears when the fish are
about 20 to 65 days old and usually results in
40-70% mortality, but mortality can be as high
as 100%.

The main clinical signs of dark body disease
body,

haemorrhagic or yellowish liver, and little or no

are dark colour on the whole
food in the intestines. Moribund fish usually
float on the water surface for 1-2 days before
they die. The causative agent of the disease has
recently been reported as a virus but it has been
not classified into any group (Dang et al., 2013).
In this study, this further

identified using electron microscopy and PCR

virus was

analyses, and classsified into the genus
Megalocytivirus of the family Iridoviridae using

phylogenetic analysis.

2. MATERIALS AND METHODS

2.1. Sampling

Both apparently healthy and dark body-
diseased climbing perch were collected from
intensive cultured fish farms throughout the
country, including Hai Duong and Bac Giang
provinces in Northern Vietnam, and Hau Giang
and Dong Thap provinces in Southern Vietnam,
during 2012 and 2013. Liver, kidney, and brain
tissues were sampled from the diseased and the
healthy fish for both ultrastructural and
These

in the authors’

molecular analyses. studies were

conducted laboratories in

Vietnam and Japan.

2.2, Ultrastructural analysis

and brain tissues were
in 2.5%

Liver, kidney,

immediately fixed glutaraldehyde
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solution diluted in 0.1 M cacodylate buffer
solution (pH = 7.2 — 7.4) and stored at 4°C. The
fixed samples were then transferred on ice to
the National
Epidemiology, Vietnam for electron microscopy

Institute of Hygiene and
(EM) analysis. A total of 134 test samples were
collected from dark body diseased fish,
including 51 liver samples, 45 kidney samples,
and 38 brain
samples were collected from the livers, kidneys

samples, and 10 control

and brains of healthy fish to be used for
EM studies.

2.3. Detection of virus by PCR

In order to determine the presence of virus
particles in the dark body diseased fish, we
looked for the presence of the major capsid
protein (MCP) gene. DNA was extracted from
the liver and kidney samples according to
methods described by Green and Sambrook
(2012). Two sets of primers were used (MCP1
and MCP2; Table 1). MCP1 primers were
similar to the sequences of specific primers used
to amplify 429 bp of the RSIV MCP gene (Dang
et al, 2008). MCP2 primers were designed
based on the full 1362 bp length of RSIV MCP
(Accession No: AB109371.1) to amplify a longer
partial MCP gene (986 bp) from nucleotide 91 to
nucleotide 1076. The MCP1 primers were used
to determine the presence of the virus while the
MCP2 primers were used to amplify 986 bp of
the MCP gene for use in sequence identity and
phylogenetic analysis. The B-actin gene was
amplified as an internal control using specific
B-actin primers (Table 1).

Cycling  parameters were 1 min
denaturation step (95°C), 30 sec annealing
(55°C), and 30 sec extension (72°C) for 30-35
cycles. The reactions began with a denaturation
step (5 min at 95°C) and ended with a 5 min
extension step at 72°C. PCR products were
analyzed in 1%

agarose gels containing

ethidium bromide and visualized under

UV light.
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A megalocytivirus involved in dark body disease of climbing perch (Anabas testudineus) cultured in Vietham

Table 1. PCR primers used in this study

Primer name

Primer sequence

PCR product Source

MCP1 F 5- CCCTATCAAAACAGACTGGC -3’ 429 bp Lua et al., 2008
R 5- TCATTGTACGGCAGAGACAC -3’

MCP2 F 5- AATGCCGTGACCTACTTTGC -3’ 986 bp This study
R 5- TCGACAGATGTGAAGTAGTCTA -3’

B-actin F5-TTTCCCTCCATTGTTGGTCG -3 200 bp Lua et al., 2008

R 5- GCGACTCTCAGCTCGTTGTA -3’

24. Cloning, sequencing and phylogenetic
analysis

Positive PCR products amplified by both
MCP1 and MCP2 primer sets were ligated into
the pGEM-T easy vector (Promega, Madison,
USA) and then transformed into ECOS JM 109
competent cells. The colonies were sequenced
via the Automated DNA Sequencer using the
Big Dye Terminator from ABI Cycle Sequencing
Kit. The sequences of MCP1 PCR products were
used to confirm the name of the virus by
assignment of gene identities with known
sequences available in GenBank based on
BLAST analysis. The sequences of MCP2 PCR
products were used for sequence identity
DNA

sequences were aligned using ClustalW, and the

analysis and phylogenetic analysis.
phylogenetic relationship between MCP gene
sequences was determined using the Neighbour
Joining method in the MEGA 6 program with

bootstrap values of 1000 replicates.

The sequences of 16 other isolates of the
family Iridoviridae wused to construct the
phylogenetic tree were obtained from GenBank:
FV3 (Frog virus 3, FJ459783.1); GIV (Grouper
JF264365.1); IIV-9 (Invertebrate
iridescent virus 9, AF025774.1); IIV-31
(Invertebrate iridescent virus 31, AB686463.1);
IIV-3  (Invertebrate iridescent
NC008187.1); LCDV1-RC (Lymphocystis
disease virus 1, China strain, EF103188.1);
LCDV1 (AY823414.1); RBIV (Rock bream
iridovirus, HQ105005.1) and RSIV
(AB109371.1); DGIV (Dwarf gourami iridovirus,

iridovirus,

virus 3,
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AB109369.1); MCIV (Murray cod iridovirus,

AY936203.1); ISKNV  (Infectious spleen
and kidney necrosis virus, AF370008.1);
ISKNV-QY (HQ317460.1); ISKNV-NZh

(HQ317461.1); ISKNV-DW (HQ317465.1); and
ISKNV-Seabass (AB666338.1).

3. RESULTS

3.1. Ultrastructural analysis

Electron micrographs of almost all the liver
and kidney samples (47 of 51 liver samples and
38 of 45 kidney samples) from the dark body
diseased fish showed degeneration and necrosis.
Degenerated mitochondria formed
spaces/cavities in which no pathogens could be
observed. However, virus particles were
observed in 27 of the 47 degenerated liver
1A) and in 21 of the 38

degenerated kidney sections (Fig. 1B). Brain

sections (Fig.

tissues from diseased fish showed no necrosis or
viral particles and showed no differences from
the controls (data not shown).

The viral particles detected in the liver
and kidney cells were hexagonal, symmetrical
with a diameter of about 150-160 nm, and
were surrounded by a capsid layer. Virus
particles were observed in the cytoplasm
and not in the nucleus of the cells (Fig. 2A).
Some of the virus particles were incomplete
(black arrows in Fig. 2B).
particles had

Complete virus
electron-dense cores that
contained the genetic materials of the virus
while incomplete virus particles consisted of

only a capsid layer.



3.2. PCR virus detection

The MCP1 primer set yielded a product of
the expected size (~429 bp) from DNA
extracted from liver and kidney tissues from
dark body diseased fish collected throughout
Vietnam. No PCR products were obtained
from the brain tissues of any of the diseased
fish or from any tissues collected from the
healthy controls (Table 2 and Fig. 3). The
same sized PCR products were obtained from
RSIV DNA as a positive control and the B-
actin gene products confirmed the quality of
the extracted DNA.

Some of the MCP1 PCR products were
sequenced. A search of GenBank showed that
the sequences were 95-100% identical to MCP
sequences of viruses belonging to the family
Iridoviridae, such as RSIV, RBIV, DGIV,
ISKNV and GIV (data not shown). These
findings indicate that the virus belongs to the
family Iridoviridae. Accordingly, it was named
Anabas testudineus iridovirus or ATIV.

3.3. Sequencing and phylogenetic analysis
of MCP gene

The MCP gene of ATIV was amplified by
PCR using MCP2 primers and sequenced. The

G172 ).004

—
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T17[701).001
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sequence (986 bp) was registered to DDBJ
(DNA Data Bank of Japan) with the Accession
No. AB930172. The ATIV detected in this study
were identical to MCIV, DGIV and ISKNV
strains and amongst each other with nucleotide
sequence identity that was ranging from 99% to
100% (Table 3).

A phylogenetic tree of the MCP gene of
ATIV and MCPs of 16 other iridoviral isolates
(Fig. 4) showed five major clusters with high
bootstrap values indicating support for 5 genera
within the family Iridoviridae.

Based on the phylogenetic tree generated,
ATIV the genus
Megalocytivirus together with RSIV isolated
from red seabream (Pagrus major) (Kurita et
al.,, 2002); RBIV isolated from rock bream
(Oplegnathus fasciatus) (Do et al., 2004); DGIV
isolated from dwarf gourami (Colisa lalia) and
MCIV isolated from Murray cod (Maccullochella
peelii peeli) (Go et al, 2006); and ISKNV
isolated from brackish water and

was clustered into

strains

ornamental fish (Subramaniam et al, 2014).
This information along with the high homology
between ATIV and DGIV and between MCIV
and ISKNV-types (99% - 100%) shown in Table
3, suggest that ATIV should be considered as a
Vietnamese type of ISKNV.

—
Frint Mag: 2210x @ 41 mm 500 mm
4:24:5%0 & 0741912 HY=g0.0kV

TEM Mode: Imaging Diroet Mag: 4000x

Figure 1. Virus particles in liver cells (A) and kidney cells (B)
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T13(678).006

Print Mag: 8210x @ 51 mm 500 nm
1:57:42 a 07/04/12 HV=80.0kV

TEM Mode: Imaging
Microscopist: Tran Quang Huy

Direct Mag: 4000x
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Figure 2. Virus particles in the cytoplasm of a kidney cell (A)
of dark body diseased climbing perch

Note: Complete (white arrows) and incomplete (black arrows) virus particles inside a cell (B)

Table 2. PCR analysis utilizing primer set MCP1 on diseased fish and controls

No. of PCR positive samples/No. of samples examined

. - Control
Tissue Province 9 )
(Healthy fish)
Hai Duong Bac Giang Hau Giang Dong Thap Total
Liver 21/27 13/18 11/15 6/10 51/57 73 0/10
Kidney - - 5/10 6/10 11/20 55 0/10
Brain 0/15 0/18 0/10 0/10 0/53 0 0/10

3. DISCUSSION

Ultrastructural analysis by EM has long
been used to detect and describe viruses (Doane
and Anderson, 1987; Goldsmith and Miller,
2009). This method is particularly important in
the of
Ultrastructural analysis has been wused to

diagnosis unknown diseases.
diagnose viral infections in humans (Biel et al.,
2004; Chua et al, 2007), terrestrial
animals (Hyatt and Selleck, 1996; Bayer-
Garner, 2005), and aquatic animals such as
fish and shrimp (Do et al., 2004). In this study,

EM observations revealed the changes in
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liver and kidney tissues, including symptoms
of degeneration and necrosis, as well as
revealed the presence of viral particles in
the livers and kidneys of diseased fish

(Figures 1 & 2).

The virus was also detected in liver and
kidney tissues of the dark body diseased fish by
PCR analysis using MCP1 primers (Fig. 3). The
MCP1 primers are specific to the MCP gene of
RSIV, belonging to the
Iridoviridae. This indicated that the virus found

a virus family
in the liver and kidney of diseased climbing
perch should be grouped with this family and it
was named as ATIV in this study.
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Figure 3. PCR analysis of the MCP gene of the virus isolated from liver

and kidney tissues of dark body diseased and healthy climbing perch

Note: Lanes 1, 2: liver of diseased fish; lanes 3, 4: kidney of diseased fish; lane 5, 6: liver and kidney of healthy fish,
respectively; (+): DNA extracted from RSIV-infected red seabream spleen (Positive control); (--): Distilled water

(Negative control))
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Figure 4. Phylogenetic analysis of ATIV and 16 other isolates

of the family Iridoviridae based on partial MCP sequences

Note: The numbers at each node indicate bootstrapped percentages values.

Iridoviruses are nuclear and cytoplasmic
large DNA viruses whose genomes are
encapsidated by an icosahedral shell ranging
between 120 and 200 nm in diameter and
comprised of about 50 kDa MCP (Wolf, 1988;
He et al, 2002). In agreement with these
characteristics, ATTV has a symmetric shape and
a size of about 150 - 160 nm (Fig. 2). Major
capsid proteins account for about 45% of the total

protein of the iridoviral isolates and are needed
for the cleavage and packaging of viral DNA to
form viable virions (Williams, 1996). The MCP
gene is considered the most suitable gene for
detection and measurement of Iridoviruses
(Caipang et al, 2003; Dang et al, 2008). The
MCP gene has also been used to analyse the
phylogenetic relationships of Iridoviruses (Lu et
al., 2005; Go et al., 2006; Imajoh et al., 2007).
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Table 3. Percentages of sequence identity of the MCP gene

between ATIV and reference viruses from genus Megalocytivirus

1 2 3 4 5 6 7 8 9 10
1 99 100 100 100 100 100 99 95 95
2 99 99 99 99 99 99 95 95
3 99 99 99 99 99 95 95
4 100 100 100 99 99 99
5 100 100 99 95 95
6 100 99 95 95
7 99 95 95
8 95 95
9 99
10

Note: 1 =ATIV; 2=DGIV (AB109369.1); 3 =MCIV (AY936203.1); 4 = ISKNV (AF370008.1); 5 = ISKNV-Seabass
(AB666338.1); 6 = ISKNV-DW (HQ317465.1); 7=ISKNV-NZh (HQ317461.1); 8 =ISKNV-QY (HQ317460.1); 9= RSIV

(AB109371.1); and 10 = RBIV (AB109371.1)

In the phylogenetic tree (Fig. 4), the MCPs
of different iridoviruses formed 5 clusters. One
cluster included 1IIV-3, which 1s a
Chloriridovirus (Delhon et al, 2006); a second
cluster included IIV-9 and IIV-31, which are
iridoviruses (Chinchar et al., 2005; Wong et al.,
2011); a third cluster included LCDV-1 and
LCDV1-RC which are lymphocystiviruses
(Tidona and Darai, 1997; Zhang et al., 2004); a
fourth cluster included FV3 and GIV, which are
ranaviruses (Tan et al., 2004; Tsai1 et al., 2005);
and a fifth cluster included RSIV (Kurita et al.,
2002), RBIV (Do et al., 2004), DGIV and MCIV
(Go et al,, 2006), ISKNV types (Subramaniam et
al., 2014), and ATIV,
megalocytiviruses.

all of which are

A previous study also supports the family
Iridoviridae being organized into five genera
(Chinchar et al, 2005). Two of the five genera,
Iridovirus and Chloriridovirus, usually infect
invertebrates (primarily insects) while the other
three genera (Ranavirus, Megalocytivirus and
Lymphocystivirus) usually infect cold-blooded
(Williams et  al, 2005).
Megalocytiviruses cause infections

vertebrates
systemic
that can result in moderate to heavy losses in
many species of freshwater and marine fish in
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both cultured and wild stocks. In some disease
outbreaks, the mortality rate can be as high as
100% during one week (Eaton et al, 2007,
Yanong and Waltzek, 2010). Clinical signs of
diseases caused by Megalocytivirus are non-
specific, including lethargy, loss of appetite,
darkening, abnormal swimming, increased
respiration, and hemorrhage (Yanong and
Waltzek, 2010). Similarly, the disease caused by
ATIV showed clinical signs of dark colour on the

body, hemorrhage, and abnormal swimming.

The MCP sequence of ATIV is 99% identical
to that of DGIV and 100% identical to the MCP
sequences of MCIV and ISKNV (Table 3). The
finding that DGIV and MCIV are closely related
to ISKNV (Go et al., 2006; Subramaniam et al.,
2014) strongly suggests that ATIV is closely
related to ISKNV.

4. CONCLUSIONS

In summary, our findings indicate that
ATIV belongs to the genus Megalocytivirus of
it should be
considered as an ISKNV-Vietnamese type. This

the family Iridoviridae and
is the first report for a Megalocytivirus in
climbing perch, a freshwater cultured fish
in Vietnam.



ACKNOWLEDGMENTS

We gratefully acknowledge the kind help of
Mr. Mai Nam Hung, a PhD student in the
genome laboratory at Tokyo University of
Marine Science and Technology, for helping
with some of the molecular work. We also thank
Associate Professor Hidehiro Kondo in the
genome laboratory for his useful advice about
molecular biology.

REFERENCES

Bayer-Garner, 1. B. (2005). Monkeypox virus:
histologic, immunohistochemical and electron
microscopic findings. J. Cutan. Pathol., 32: 28-34.

Biel, S. S., A. Nitsche, A. Kurth, W. Siegert, M. Ozel
and H. R. Gelderblom (2004). Detection of human
polyomaviruses in urine from bone marrow
transplant  patients: comparison of electron
microscopy with PCR. Clin. Chem., 50: 306-312

Caipang, C. M., 1. Hirono and T. Aoki (2003):
Development of a real-time PCR assay for the
detection and quantification of red sea bream
Iridovirus (RSIV), Fish Pathol., 38: 1-7.

Chinchar, V. G., S. Essbaues, J. G. He, A. Hyatt, T.
Miyazaki, V. Seligy and T. Williams (2005).
Iridoviridae. In “Virus Taxonomy: 8th Report of
the International Committee on the Taxonomy of
Viruses” (Fauquet, C. M., M. A. Mayo, J.
Maniloff, U. Desselberger, L. A. Ball, eds).
Elsevier, London, pp. 163-175.

Chua, K. B., E. M. Wong, B. C. Cropp and A. D. Hyatt
(2007). Role of electron microscopy in Napah
virus outbreak investigation and control. Med. J.
Malaysia, 62: 139-142.

Dang, L. T., H. Kondo, I. Hirono and T. Aoki (2008).
Inhibition of red seabream iridovirus (RSIV)
replication by small interfering RNA (siRNA) in a
cell culture system. Antiviral Res., 77: 142-149

Dang, L. T., T. V. Phan, T. V. Pham, T. N. T. Ngo
(2013). Causative agent of dark body disease in
climbing perch (Anabas testudineus) in intensive
culture. J. Agri. Rural Dev., (10/2013): 38-42
(ISSN 1859-4581).

Delhon, G., E. R. Tulman, C. L. Afonso, Z. Lu, J. J.
Becnel, B. A. Moser, G. F. Kutish and D. L. Rock
(2006). Genome of Invertebrate Iridescent virus
type 3 (Mosquito Iridescent wvirus). J. Virol,
80(17): 8439-8449.

Do, T. H., Q. T. Bui, H. D. Nguyen and T. M. Nguyen
(2004). Aquatic animal pathology. Agriculture
Public House, Ho Chi Minh city. (in Vietnamese)

Dang Thi Lua, Le Thi May and Ikuo Hirono

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, M. S. Han, S. J. Cha, M. S. Park, M. A.
Park, Y. C. Kim, J. W. Kim and J. W. Park (2004).
Complete genomic DNA sequence of rock bream
iridovirus. Virology, 325: 351-363.

Doane, F. W. and N. Anderson (1987). Electron
microscopy in diagnostic virology: a practical
guide and atlas. Cambridge University Press, New
York.

Eaton, H. E., J. Metcalf, E. Penny, V. Tcherepanov, C.
Upton and C. R. Brunetti (2007). Comparative
genomic analysis of the family Iridoviridae: re-
annotating and defining the core set of iridovirus
genes. Virology Journal 4: 11, doi: 10.1186/1743-
422X-4-11.

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

Goldsmith, C. S. and S. E. Miller (2009). Modern use
of electron microscopy for detection of virues.
Clin. Micro. Rev., 22(4): 552 -563.

Green, M. R. and J. Sambrook (2012) Molecular
Cloning: A laboratory manual. Fourth edition.
Cold Spring Harbor Laboratogy Press.

He, J. G, L. Lu, M. Deng, H. H. He, S. P. Weng, X. H.
Wang, S. Y. Zhou, Q. X. Long, X. Z. Wang and S.
M. Chan (2002). Sequence analysis of the
complete genome of an iridovirus isolated from the
tiger frog. Virology, 292: 185-197.

Hyatt, A. D. and P. W. Selleck (1996). Ultrastucture of
equine morbillivirus. Virus Res., 43: 1-15.

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.

Kurita, J, K. Nakajima, 1. Hirono and T. Aoki (2002).
Complete genome sequencing of red sea bream
Iridovirus (RSIV). Fisheries Sci., 68 (Suppl. II):
1113-1115.

Le, V. T. (2003). Studies on culture of climping
perch (Anabas testudineus) using pellets with
different protein concentrations. Master thesis.
(In Vietnamese).

Lu, L., S. Y. Zhou, C. Chen, S. P. Weng, S. M. Chan
and J. G. He (2005). Complete genome sequence
analysis of an iridovirus isolated from the orange-
spotted grouper, Epinephelus coioides. Virology,
339: 81-100.

627



A megalocytivirus involved in dark body disease of climbing perch (Anabas testudineus) cultured in Vietham

Subramaniam, K., M. Shariff, A.R. Omar, M. Hair-
Bejo, and B. L. Ong (2014). Detection and
molecular characterization of infectious spleen and
kidney necrosis virus from major ornamental fish
breeding states in Peninsular Malaysia. Journal of
Fish Disease, 37: 609-618.

Tan, W. G., T. J. Barkman, V. G. Chinchar and K.
Essani (2004). Comparative genomic analysis of
frog virus 3, type species of the genus Ranavirus
(family Iridoviridae). Virology, 323: 70-84.

Tidona, C. A. and G. Darai (1997). The complete DNA
sequence of lymphocystis disease virus. Virology,
230: 207-216.

Thompson JD, Higgins DG, Gibson TJ. (1994).
CLUSTAL W: improving the sensitivity of
progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties
and weight matrix choice. Nucleic Acids Res.,
22:4673-4680.

Thompson JD, Higgins DG, Gibson TIJ. (1994).
CLUSTAL W: improving the sensitivity of
progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties
and weight matrix choice. Nucleic Acids Res.,
22:4673-4680.

628

Tsai, C. T. (2005). Complete genome sequnce of the
grouper iridovirus and comparison of genomic
organization with those of other iridoviruses.
J. Virol, 79: 2010-2023.

Williams, T. (1996). The iridoviruses. Adv. Virus Res.
46: 347-412.

Williams, T., V. Barbosa-Solomieu and V. G. Chinchar
(2005). A decade of advances in iridovirus
research. Adv. Virus Res., 65: 173-248.

Wolf, K. (1988). Fish viruses and Fish Viral Diseases.
Cornell University Press. 476pp.

Wong, C. K., V. L. Young, T. Kleffmann and V. K.
Ward (2011). Genomic and proteomic analysis of
Invertebrate iridovirus type 9. J. Virol., 85(15):
7900-7911.

Yanong, R. P. E. and T. B. Waltzek (2010).
Megalocytivirus infections in fish, with emphasis
on ornamental species. University of Florida,
Institute of food and Agricultural sciences.
Extension FA, 182: 1-7.
http://edis.ifas.ufl.edu/fal82.

Zhang, Q. Y., F. Xiao, J. Xie, Z. Q. Li and J. F. Gui
(2004).  Complete genome  sequence  of
lymphocystis disease virus isolated from China. J.
Vivol., 78: 6982-6994.



