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Complete Genome Sequence of a Betanodavirus Isolated from Half-
Smooth Tongue Sole (Cynoglossus semilaevis)
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Betanodavirus, commonly called nervous necrosis virus (NNV) of fish, has emerged as a major constraint on marine aquaculture
worldwide. Here, we report the complete genome sequence of a betanodavirus (strain CsCN128) isolated from diseased half-
smooth tongue sole (Cynoglossus semilaevis) in China. The genome sequence of strain CsCN128 shares =98.7% similarity with
seven-band grouper nervous necrosis virus from Japan. Phylogenetic analysis indicates that strain CsCN128 belongs to the red-
spotted grouper nervous necrosis virus (RGNNV) genotype of betanodavirus. The genome of the strain CsCN128 will facilitate
further study on the molecular epidemiology and natural susceptible host range of betanodaviruses.
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etanodavirus, commonly called nervous necrosis virus

(NNV) of fish, is a major causative agent of disease in marine
fish. It usually causes severe mortalities (up to 100%) of larvae and
juveniles in aquaculture. Betanodaviruses are distributed world-
wide and naturally affect >50 fish species (1, 2). However, half-
smooth tongue sole (Cynoglossus semilaevis) has not been de-
scribed as the host of betanodavirus up to now. In August 2012, an
outbreak of disease caused by C. semilaevis broke out in a hatchery
in northern China. Based on the clinical signs and virus detection,
we confirmed that a betanodavirus (strain CsCN128) was the
causative agent of the disease (3). It means that C. semilaevis is a
new natural susceptible host of betanodavirus.

In order to determine the molecular characterization of strain
CsCN128, we sequenced the complete genome of the virus. The
naturally infected larvae (35 days posthatching) of half-smooth
tongue sole were collected from a hatchery in China. Based on
known betanodavirus nucleotide sequences, two pairs of reverse
transcription-PCR (RT-PCR) primers were selected for amplifi-
cation of the middle fragments of the strain CsCN128 genome
(RNA1 and RNA2, respectively) (4, 5). Overlapping fragments
covering the complete genome were subsequently amplified. The
extreme 5’ and 3’ ends of the strain CsCN128 genome were am-
plified using the Rapid Amplification of cDNA Ends (RACE) (6,
7). Finally, combining the results from RT-PCR and RACE, the
entire nucleotide sequences of strain CsCN128 were obtained.

The complete genome of strain CsCN128 consists of two
single-stranded molecules of positive-sense RNA (RNA1 and
RNAZ2). The RNA1 of CsCN128 is 3,103 nucleotides (nt), and the
G+C content is 52.5%. It begins with a 5" untranslated region
(UTR) (nt 1 to 78), followed by an open reading frame (ORF) (nt
79 to 3027) and the 3" UTR (nt 3028 to 3103). The RNA2 of
CsCN128 is 1,433 nt, and the G+C content is 54.5%. It begins
witha5" UTR (nt 1 to 26), followed by an ORF (nt 27 to 1043) and
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the 3' UTR (nt 1044 to 1433). The subgenomic RNA3 of betano-
davirus was also found in strain CsCN128. It is located down-
stream of RNA1 (nt 2753 to 2980).

The genomic sequence alignments showed that RNA1 and
RNA2 of strain CsCN128 share 96.3% to ~99.1% homologies
with those of the red-spotted grouper nervous necrosis virus
(RGNNV) genotype isolates. Of these RGNNV genotype isolates,
CsCN128 in China is most similar to seven-band grouper nervous
necrosis virus in Japan (99.1% similarity for RNA1 and 98.7%
similarity for RNA2) (8, 9). In contrast, CsCN128 shares only
79.1% to ~83.5% homologies across the entire genome with the
genomes of other genotype isolates of betanodavirus. Phyloge-
netic tree analysis reveals that strain CsCN128 belongs to the
RGNNV genotype of betanodavirus. These results will facilitate
further study on the molecular epidemiology and natural suscep-
tible host range of betanodavirus.

Nucleotide sequence accession numbers. The complete ge-
nome sequence of the RGNNV strain CsCN128 has been depos-
ited in GenBank under the accession numbers KJ541747 and
KJ541748.
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