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Abstract A new rhabdovirus, tentatively designated as

hybrid snakehead rhabdovirus C1207 (HSHRV-C1207),

was first isolated from a moribund hybrid snakehead

(Channa maculata 9 Channa argus) in China. We present

the complete genome sequence of HSHRV-C1207 and a

comprehensive sequence comparison between HSHRV-

C1207 and other rhabdoviruses. Sequence alignment and

phylogenetic analysis revealed that HSHRV-C1207 shared

the highest degree of homology with Monopterus albus

rhabdovirus and Siniperca chuatsi rhabdovirus. All three

viruses clustered into a single group that was distinct from

the recognized genera in the family Rhabdoviridae. Our

analysis suggests that HSHRV-C1207, as well as MARV

and SCRV, should be assigned to a new rhabdovirus genus.

Rhabdoviruses are single-stranded and nonsegmented

negative-sense RNA viruses that are ubiquitous infectious

agents of animal and plant disease. Currently, rhabdovi-

ruses are classified into nine genera: Cytorhabdovirus,

Ephemerovirus, Lyssavirus, Novirhabdovirus, Nucleorh-

abdovirus, Perhabdovirus, Sigmavirus, Tibrovirus, and

Vesiculovirus. In addition, some members of this family

have not yet been assigned to a genus (http://www.ictvon

line.org/virusTaxonomy.asp).

Fish rhabdoviruses have been classified as belonging to

the genera Novirhabdovirus, Perhabdovirus, and Vesicu-

lovirus. Fish rhabdoviruses have been isolated from a wide

range of seawater and freshwater fish, including cyprinidae

fish [1, 2], mandarin fish [3], rainbow trout [4], eel [5], and

snakehead fish [6]. They pose a significant threat to aqua-

culture industry around the world. Rhabdoviruses were

reportedly isolated from snakehead fish in the early 1980s,

and the complete genomic sequences of these viruses have

since been determined [6]. There have been no reports of

snakehead fish infected with rhabdoviruses in China to

date. However, on July 9, 2012, a sudden disease outbreak

occurred in a hybrid (Channa maculata 9 Channa argus)

snakehead fish farm in the city of Foshan, Guangdong

Province, China. The observed clinical symptoms and

pathological changes were similar to those associated with

rhabdovirus infection, e.g., the appearance of petechiae on

the tail fin, hepatomegaly, and serious hemorrhage on the

surface of the swim bladder. Based on clinical and post-

mortem examinations, the disease was preliminary attrib-

uted to rhabdovirus infection. In order to confirm the

diagnosis in the diseased hybrid snakehead, the Manual of

Diagnostic Tests for Aquatic Animals published by the

Office International des Epizooties (OIE) recommends the

use of primers for infectious hematopoietic necrosis virus

(IHNV), spring viremia of carp virus (SVCV), and viral

hemorrhagic septicemia virus (VHSV). Two pairs of spe-

cific primers designed based on conserved sequences in the

glycoprotein (G) gene of snakehead rhabdovirus (SHRV)

and Siniperca chuatsi rhabdovirus (SCRV) were used in

reverse transcription polymerase chain reaction (RT-PCR)

to detect possible rhabdoviruses in the diseased fish. The

results showed that no distinct bands were produced by

RT-PCR with primers for IHNV, SVCV, VHSV, or SHRV,

whereas a specific band was detected when primers for
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SCRV were used. Sequence analysis showed that this

partial gene shared 94.5 % sequence homology with the

corresponding region of the SCRV genome. The virus was

named HSHRV-C1207 and subsequently confirmed by cell

culture, electron microscopy, and animal experiments [7].

In the present study, we analyze the complete genome of

HSHRV-C1207 and discuss the possible relationship

between HSHRV-C1207 and other rhabdoviruses.

Viral RNA was extracted from infected cell cultures

using an RNeasy Mini Kit (QIAGEN Co. Ltd., Shanghai,

China) according to the manufacturer’s instructions. cDNA

copies of the HSHRV-C1207 RNA genome were synthe-

sized, cloned, and sequenced according to a previous study

[5]. Rapid amplification of cDNA ends (RACE) PCR were

performed using a 2nd generation 5’/3’ RACE Kit (Roche

Diagnostics Ltd., Shanghai, China) following manufac-

turer’s protocol. To extend the 5’ region of the cDNA

sequence, 5’ RACE was performed using a gene-specific

primer. An oligo(dT) adapter primer was used for the 3’

RACE, after targeting the poly(A) tail region of the viral

genomic RNA by using a Poly(A) Polymerase Kit (Takara

Biotechnology Co. Ltd., Dalian, China). The subsequent

cloning strategy was performed as described in detail

previously [4]. The complete genome sequence of

HSHRV-C1207 was obtained and deposited in the Gen-

Bank nucleotide sequence database under accession num-

ber KC519324. Analysis revealed that the whole genome

consists of 11,545 nucleotides. It also contains five typical

genes encoding nucleoprotein (N), phosphoprotein (P),

matrix protein (M), glycoprotein (G), and RNA-dependent

RNA polymerase protein (L). In addition, leader and trailer

sequences at the 3’ and 5’ termini of the HSHRV-C1207

genome display inverse complementarity. Contiguous to

each gene are 3 or 4 bases that have been identified as gene

junctions. No tandem repeats were found in the genome.

Phylogenetic analysis indicated that HSHRV-C1207,

together with MARV and SCRV, were clustered into a

single group with a bootstrap value of 100 %, which was

distinct from the other recognized genera.

The N gene

The sequence of the N gene is believed to begin at the

SCRV consensus mRNA start sequence AACAG and end

at the transcription stop/polyadenylation signal, TATG

(A7). This produces an mRNA consisting 1455 nucleotides

(nt 73 to 1528) [3]. The deduced sequence of the N protein

is composed of 429 amino acids, with a calculated

molecular mass of 47.6 kDa, and an isoelectric point (pI)

of 5.26. A conserved motif, SPYSA, is present at amino

acid residues 289–293. The nucleocapsid protein has two

potential tyrosine phosphorylation sites (amino acid

residues 162–170 and 200–208) and eight potential serine/

threonine phosphorylation sites (amino acid residues

12–25, 58–66, 156–164, 217–225, 225–233, 296–304,

299–307, and 329–337). Sequence comparison with other

rhabdoviruses revealed that the HSHRV-C1207 N protein

shares the most homology and similarity with members of

the genus Perhabdovirus. The highest sequence homology

(95.9 %) was found with the corresponding proteins of

SCRV. It is distinct from the members of the genus No-

virhabdovirus, with the HSHRV-C1207 N protein exhib-

iting low amino acid sequence identity (11.8 %) to the

corresponding proteins of the novirhabdovirus SHRV.

The P gene

The HSHRV-C1207 P gene is located between nucleotides

1532 and 2502 and is composed of 981 nucleotides. The

largest open reading frame (ORF) consists of 888 nucleotides.

It encodes a protein of 296 amino acids with a calculated

molecular mass of 32.7 kDa and a pI of 4.47. The HSHRV-

C1207 P protein contains four potential serine/threonine

phosphorylation sites (amino acid residues 56–64, 84–89,

135–143, and 187–195), two potential tyrosine phosphoryla-

tion sites (amino acid residues 62–70 and 75–83), and an

N-linked glycosylation site at residue 226. Our analysis also

revealed the presence of a proline-rich region between amino

acid residues 158 and 202. Previous studies on rhabdovirus

proteins demonstrated that the P protein has the least con-

served primary sequence among the viruses. Using sequence

comparison with other rhabdoviruses, were able to demon-

strate that the P protein sequence of HSHRV-C1207 had

highest amino acid sequence homology with SCRV (94.2 %)

and only 12.2 % sequence identity to SHRV.

Vesiculoviruses such as vesicular stomatitis Indiana

virus (VSIV) and Isfahan virus (ISFV) usually contain an

additional ORF within the P gene coding for the putative C

protein. This additional ORF has also been found in some

novirhabdoviruses such as infectious hematopoietic

necrosis virus (IHNV), in some perhabdoviruses, such as

eel virus European X (EVEX), and in some unclassified

rhabdoviruses such as SCRV. We were also able to find a

specific ORF at the 3’ end of the P gene in HSHRV-C1207

believed to encode a putative C protein of 73 amino acids,

with a predicted pI of 9.52. At the present moment, this C

protein shows no sequence homology to other known

proteins, and its function remains to be elucidated.

The M gene

The M gene is 944 nucleotides in length and is located

between nucleotides 2508 and 3452. It contains an ORF
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627 nucleotides in length, located between nucleotides

2535 and 3161, which encodes the M protein. The M

protein is composed of 208 amino acids and has a deduced

molecular mass of 23.4 kDa and a pI of 8.1. The M pro-

teins of rhabdoviruses form an important component of the

viral envelope, with a possible structural role. We deter-

mined that the HSHRV-C1207 M protein has seven

potential serine/threonine phosphorylation sites, three

potential tyrosine phosphorylation sites (amino acid resi-

dues 18–26, 36–44, and 82–90), and an N-glycosylation

site at residue 99. A PPPY motif that is conserved in all

vesiculoviruses is located between residues 19 and 22. This

motif is considered to play an important role in interactions

with cellular proteins that participate in the last step of

virus budding [4]. When the HSHRV-C1207 M protein

sequence is compared with that of other rhabdoviruses, it

shows the highest amino acid sequence identity to SCRV

(95.7 %). This is followed by 23.6 % to EVEX and 10.0 %

to the corresponding proteins of SHRV. Unlike SCRV, a

novel ORF has not been found within the M gene in

HSHRV-C1207.

The G gene

The G gene consists of 1659 nucleotides extending from

nucleotides 3456 to 5114. It encompasses an ORF that

is 1527 nucleotides in length and encodes a protein that

is 509 amino acids long with a calculated molecular

mass of 56.5 kDa and pI of 7.32. The first 15 amino

acids of the HSHRV-C1207 G protein most likely

include the signal peptide sequence, and amino acids

456–476 are predicted to be a transmembrane region.

The HSHRV-C1207 G protein has 15 potential serine/

threonine phosphorylation sites, 11 potential tyrosine

phosphorylation sites, and a putative N-glycosylation

site, which is located at amino acid 387. Comparison of

the HSHRV-C1207 G protein sequence with those of

other rhabdoviruses demonstrated that its amino acid

sequence was most similar to that of SCRV (93.7 %),

and only 18.9 % sequence identity to the corresponding

proteins of SHRV was observed.

The L gene

The region between nucleotides 5119 and 10,961 at the 3’

end of the genome contains the L gene. An ORF 6237

nucleotides in length is located between nucleotides 5099

and 11,365. The product of the L gene is the L protein, a

viral RNA-dependent RNA polymerase consisting of 2079

amino acids, with a calculated molecular mass of

237.7 kDa and a pI of 7.93. Six conserved blocks (I–VI)

have been identified by comparison of SCRV L proteins

using multiple sequence alignments [3]. These conserved

blocks are located between amino acids 221 and 1715 of

the HSHRV-C1207 L protein. Blocks II and III are the

most conserved, as they contain the RNA-directed RNA

polymerase catalytic domain between amino acids 38 and

10,066 and mRNA-capping domain V between amino

acids 1079 and 1301. Compared with L protein sequence of

other rhabdoviruses, HSHRV-C1207 shares highest amino

acid sequence homology with SCRV (93.3 %), and only

10.0 % homology with the corresponding proteins of

SHRV.

The 3’ leader and 5’ trailer regions

The 3’ leader region of HSHRV-C1207 comprises the first

72 nucleotides of the genome. This region correlates with

the first 71 nucleotides of SCRV and the first 55 nucleo-

tides of SHRV. The 3’ leader region of HSHRV-C1207

displays 97.3 and 47.2 % sequence homology to SCRV and

SHRV, respectively. The leader sequence begins with

nucleotides ACG, which are conserved in all known leader

RNA sequences of members of the genera Ephemerovirus,

Vesiculovirus and Lyssavirus [8]. The 5’ trailer region is

composed of 61 nucleotides situated between nucleotides

11,485 and 11,545. It is interesting to note that this region

is the same length in SCRV, which has 98.4 % sequence

identity. A common feature of rhabdoviruses is the com-

plementarity between the 3’ and 5’ genome termini, and

HSHRV-C1207 displays complementarity of 11 terminal

nucleotides of the genome.

Phylogenetic trees

Since the G protein is located on the surface of virus

particles and is believed to be the most divergent among

the viral protein products [9, 10], phylogenetic analysis

was performed on complete deduced G protein sequences

of HSHRV-C1207 and other rhabdoviruses with sequen-

ces available in the GenBank database, whereas the fusion

protein sequence of Sendai virus was used as an outgroup.

Phylogenetic analysis was conducted using MEGA ver-

sion 5. A neighbour-joining tree was constructed using the

maximum composite likelihood model, and the robustness

of the tree was tested using 1000 bootstrap replicates.

Analysis based on the predicted amino acid sequences of

the G proteins clearly showed 10 distinct phylogenetic

clusters with reliable bootstrap support (Fig. 1). Nine of

these clusters correspond to the nine recognized genera in

the family Rhabdoviridae, whereas HSHRV-C1207 was

placed in a separate monophyletic lineage together with
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MARV and SCRV, which was supported by bootstrap

values of 100 %. This lineage is close to, but distinct from,

the perhabdovirus lineage and differs greatly from the other

rhabdovirus lineages. These results suggest that HSHRV-

C1207, together with MARV and SCRV, may represent a

new genus in the family Rhabdoviridae, tentatively des-

ignated as Sinirhabdovirus.
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