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Abstract

trout (Salvelinus fontinalis

-
cleotide sequence (GenBank accession no. KF600727) shared 88.8% to 97.0% nucleotide sequence 

* Corresponding author’s email: liuhong@szciq.gov.cn

Introduction

Oncorhynchus 
nerka -
ies in the 1950s (Rucker et al., 1953), the disease 
has been reported in North America, Asia, and 
Europe, including the USA, Canada, Japan, 
Korea, and most central European countries, 

hematopoietic necrosis (IHN) is an important 
viral disease in both wild and cultured salmon 
and trout. The disease is severe and results in 

-

necrosis virus (IHNV), the etiological pathogen 
Novirhabdovirus 

Rhabdoviridae
are susceptible to IHNV, including rainbow 
and steelhead trout (O. mykiss), Chinook 
salmon (O. tshawytscha), sockeye salmon (O. 
nerka), pink salmon (O. gorbuscha), and Atlantic 
salmon (Salmo salar
is a non-segmented and linear single-stranded 
negative-sense RNA virus with approximately 
11,000 nucleotides. The IHNV genome contains 
a nucleocapsid, phosphoprotein, matrix protein, 
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protein, and polymerase protein genes (Kurath 

protein is absent in other rhabdoviruses, such 

(Morzunov et al., 1995). Since the 1980s, the 

-
tigated using various methods, such as mono-
clonal antibody reactivity (Ristow et al., 1989) 

et al., 1986). Recently, the complete glycopro-
tein, nucleocapsid, and non-virion protein gene 

evolution, diversity, and phylogenetic relation-
ship (Nichol et al., 1995; Enzmannet et al., 2005; 
Nishizawa et al., 2006). Phylogenetic analysis 

as U, M, L, JRt, and European isolates (Kurath 
et al., 2003; Enzmannet et al., 2005; Nishizawa 
et al., 2006; Jolanta et al., 2008). 

The present study investigates an IHNV strain 
-
-

was determined and used to reveal its phylo-
genetic relationships with other IHNV isolates 

Materials and methods
Sample and cell line

brook trout (weight 270 g to 350 g, length 20 
-

with abnormal activity, including spiral swim-

Epithelioma papulosum cyprini (EPC) cell 
cultures were used in this study. According 
to the cell culturing method recommended by 

-

and 0.06% NaHCO3. 

Virus isolation 

sampled. The tissues were completely homog-
enized by mortar and pestle with sterile sand 
and suspended in a volume (W/V 1:10) MEM 

mM L-glutamine, and 1% antibiotic/antimycotic 

(OIE, 2010). The supernatants were prepared at 

medium and inoculated onto EPC monolayers 
on 96-well cell culture plates. The medium was 

cells were washed three times with phosphate 

Inoculated cell cultures were incubated at 15 
-

served under a microscope (HAL 100, Zeiss) 

Transmission electron microscopy (TEM)
-

microscopy (TEM) as described in literature 
(Dong et al., 2010). The EPC cells were grown 
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in 25 cm2

IHNV suspension. When CPE was observed, the 

-

and embedded in epon medium. Ultra-thin 

areas were cut, mounted on 200-mesh copper 
electron microscopy grids, and stained with 
uranyl acetate–lead citrate and Reynold’s lead 
citrate. Grids were examined using a Philips 
CM10 transmission electron microscope.

Reverse transcription-polymerase chain 
reaction (RT-PCR) 

-

extraction kit (Qiagen, America) according to 
-

protocol and primers used in this study were de-

Animals (OIE, 2010). A 693 bp partial polymer-

using oligonucleotide primers (upstream primer 

RNA PCR Kit (AMV) (TaKaRa, Dalian). The 

2 
(25 mM), 5 μl dNTP (each 10 mM), 1 μl RNase 
inhibitor (40 U/μl), 1 μl AMV RTase XL (5 U/
μl), 1 μl AMV-optimized Taq (5 U/μl), 1 μl 

1.5% (w/v) agarose/TAE (40 mM Tris-acetate, 
pH 7.2, 1 mM EDTA) gel containing 1.0 mg/
mL ethidium bromide and visualized under 
UV light.

Sequence and phylogenetic analysis

and sequenced by Shanghai Sangon Biological 
Engineering Technology & Services Co. Ltd. Raw 
sequence data were edited using DNAstar and 

the IHNV-20101008 isolate was compared with 

(GenBank accession no. GQ413939), WRAC 
(GenBank accession no. L40883), and Strain K 
(GenBank accession no. X73872). Phylogenetic 

-
ware, and a phylogenetic tree was generated by 

sequences was calculated using the Kimura 
three-parameter distance measurements. The 

1,000 bootstrap repetitions.

Result and discussion
CPE was observed in the EPC cell line. A sub-

h post-inoculation (hpi). At this stage, the cells 
were destroyed and CPE was characterized 
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-

and holes appeared in the cell monolayer. No 

cells. 

Numerous bullet-shaped viruses were observed 

(Figure 1A and 1B). The virions were about 
180 nm in length and 70 nm in diameter. The 
virus morphology and size were consistent with 

693 bp RT-PCR product corresponding to the 

mid-glycoprotein 303 nucleotide sequences, a 

the China IHNV-20101008 isolate (GenBank ac-

Japan, South Korea, North America and Europe.
-

IHNV isolates: the genogroups M, U, L, and JRt 
(Kurath et al., 2003; Nishizawa et al., 2006; Kim 

al. (2003). A low overall genetic diversity (8.6%) 
-

North America, and these sequences belonged 

was generally consistent with the geographi-

coastal watershed, and the Columbia River 

Columbia River basin and Idaho; and geno-

and Korea (Nishizawa et al., 2006; Kim et al., 

to the genogroup cluster U, and the Japanese 

(Nishizawa et al., 2006; Kim et al., 2007).

into the JRt genogroup and was most closely 
related to the Japanese and Korean IHNV iso-

the genetic distance. IHNV was presumed to 

Coregonus peled or C. maraenoides 
(Niu LQ and Zhao ZZ, 1988). IHN was not de-
tected in China until 1990, although the Coho 
salmon (Oncorhynchus Kisutch) and rainbow 

O. 
mykiss

belonged to a new genogroup, JRt, Nishizawa 
et al. (2006) believed that IHNV evolved inde-

environment. In Korea, the situation on IHNV 

to belong to the JRt genogroup (Kim et al., 2007; 
Jeon et al., 2011). RtPy91 (GenBank accession no. 
AB288204), the oldest Korean IHNV isolate, was 
shown to share a closest common ancestor with 
the Japanese isolates RtTochi86 (GenBank acces-
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Figure 1.

a

b
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sion no. AB250934) and G4 (GenBank accession 
no. 
in 1986 and 1992 respectively (Jeon et al., 2011). 
Thus, the Korean IHNV isolates were thought to 
have been most likely introduced by the move-

(Kim et al., 2007). However, in this study, the 

the Korean isolates, but did not belong to the 
-

can isolates. Phylogenetic analysis showed a 
high homology (97%) between IHNV-20101008 
and the Japanese isolate RtNag06b (GenBank 
accession no. AB510196) (Figure 3). RtNag06b 

in 2006. Although phylogenetic analysis alone 

record demonstrates that C. peled, C. maraenoides, 
O. mykiss, and O. keta

into Japan and Russia in 1985 (Niu LQ and Zhao 
ZZ, 1988). American and Russian IHNV strains 
belonged to the genogroup U cluster, and only 

the Chinese IHNV isolates were most likely 

20101008 isolate was 6.9% (average data) as 

European isolates. Based on the phylogenetic 
tree, the JRt genogroup included two major sub-

the G4, RtWanJu09, and RtPy91 isolates, and the 
second subgenogroup contained the RtNag06b, 
ChYa07 (GenBank accession no. FJ230851), and 

RtAichi06a (GenBank accession no. AB510197) 
isolates. The China IHNV-20101008 isolate, 

closest to the Japanese isolate RtNag06b. For 

research in China needs to be expanded and 

should be investigated.
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Figure 2.
corresponding to the IHNV mid-glycoprotein 
gene. Lane 1: Negative control, Lane 2: IHNV 
20101008, M: DL2000 Marker.
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(201210055, 201210214, and 2012IK032). We 
-

paring the electron microscope samples. 
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