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This paper describes the complete genomic sequences of two virulent Newcastle disease virus (NDV) isolates,
Shaanxi06 (prevalent genotype VIId) and Shaanxi10 (novel sub-genotype VIi), from sick crested ibises. The ge-
nomes of both isolates were 15,192 nt long and consisted of six genes in the order of 3′-NP-P-M-F-HN-L-5′.
The genomes of the two isolates were highly similar to other reference NDV strains. However, some unique fea-
tures were found in the HN protein of Shaanxi06 and the F gene end of Shaanxi10. Shaanxi06 and Shaanxi10
shared the same virulent motif 112−R-R-Q-K-R-F−117 at the F protein cleavage site, which coincided with previ-
ous pathogenicity test results. Phylogenetic analysis revealed that both isolates were clustered within class II
NDV, with Shaanxi06 in genotype VII and Shaanxi10 in genotype VI. Both isolates shared high homology with
the prevalent genotype NDV strains that circulate in fowls and waterfowls. This study is the first to provide ge-
nomic information about a novel sub-genotype VIi NDV strain and another genotype VIId virus, which will be
useful for subsequent investigations.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The crested ibis (Nipponia nippon) is a globally endangered bird
which is found only in Shaanxi Province in Central China and has been
reintroduced in Sadogashima in Japan. This endangered avian species
is included in the State Protection List of China and is considered a na-
tional treasure. The ibis population has increased from seven to over
1500 birds through 30 years of intensive conservation efforts. However,
the species remains in danger because of some adverse factors, such as
habitat loss, small population size, limited range, winter starvation, per-
secution and disease (Li et al., 2009). Researchers gradually realised that
Newcastle disease (ND) poses a deadly threat to the survival of ibis spe-
cies (Chen et al., 2013; Fan et al., 2001).

ND is a primary infectious disease in poultry because of its world-
wide distribution and devastating effects. ND virus (NDV), a member
of the avian paramyxovirus serotype 1 (APMV-1) of genus Avulavirus
within the Paramyxoviridae family, is the causative agent of ND (Mayo,
2002). The enveloped virus has a negative-sense single-stranded RNA
genome which is approximately 15.2 kb long; this genome contains
six genes in the order of 3′-NP-P-M-F-HN-L-5′, which encode six pro-
teins, namely, nucleocapsid protein, phosphoprotein,matrix protein, fu-
sion protein, haemagglutinin–neuraminidase and large polymerase
protein (Alexander, 2003). Two additional proteins, V andW, are gener-
ated by an RNA-editing event that occurs during the transcription of the
P gene (Steward et al., 1993). NDV isolates are categorised as highly
pathogenic (velogenic), intermediate (mesogenic) and apathogenic
(lentogenic) strains based on their pathogenicity to chickens (OIE,
2004). Although the molecular basis for NDV virulence involves multi-
ple genes, the F protein cleavage site is an absolute prerequisite for de-
termining NDV pathogenicity in chickens (Panda et al., 2004; Peeters
et al., 1999).

Phylogenetic analysis based on the complete genome or partial se-
quence of the F gene revealed that NDVs can be divided into two
major classes (I and II) (Czeglédi et al., 2006). Previously, class I NDVs
comprised at least nine genotypes, whereas class II NDVs consisted of
genotypes I–IX. On the basis of partial F gene sequence, genotypes VI
and VII are further divided into sub-genotypes (VIa–VIi and VIIa–VIIf)
(Ballagi-Pordány et al., 1996; Miller et al., 2010; Tsai et al., 2004). A
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recent study has proposed that class I NDVs comprise a single genotype
while class II NDVs contain genotypes I–XV (Diel et al., 2012).

NDV has a wide host range and can infect at least 250 species within
most orders of birds. This virus can be a serious disease agent not only in
poultry birds but also in wild birds, including double-crested cormo-
rants (Rue et al., 2010), white pelicans (Wobeser et al., 1993) and crest-
ed ibis (Chen et al., 2013; Fan et al., 2001; Qu et al., 2003). Our previous
study firstly described the pathogenic and phylogenetic characteristics
of two crested ibis NDV isolates, Shaanxi06 (velogenic) and Shaanxi10
(mesogenic), with the former in genotype VIId and the latter in a
novel genotype VIi (Chen et al., 2013). The present study describes the
genomic characteristics of these two NDV isolates from crested ibis.

2. Materials and methods

2.1. Virus

TwoNDVstrains (Shaanxi06 and Shaanxi10)were isolated from sick
crested ibises from February 2006 to January 2010. The viruses were
plaque purified thrice on primary chicken embryo fibroblasts and then
propagated on 10-day-old SPF chicken embryos (Merial-Vital Laborato-
ry Animal Technology, Beijing). Allantoic fluids that exhibited a high HA
titre were divided into working stocks and were stored at −70 °C for
sequence analysis.

2.2. RNA extraction and RT-PCR

Viral RNA genome extraction and first-strand cDNA synthesis were
performed as previously described (Chen et al., 2013). Eight pairs of
specific primers were designed to amplify the complete genomic
cDNA. PCR amplification was performed with 200 ng of cDNA as a
template in a 50 μL reaction volume containing 10 pmol of each primer
and 2.5 U of Pfu polymerase (TransStart™ FastPfuDNAPolymerase,

TransGenBiotech, Beijing, China). The PCR conditions were as follows:
95 °C for 5 min; 32 cycles (95 °C for 30 s, 54 °C for 30 s and 72 °C for
1 min 30 s); and a final 10 min elongation step at 72 °C. The amplified
products were separated by electrophoresis in 1% agarose gel.

2.3. Amplification of the 3′ and 5′ end sequences of the viral genome

The 3′ and 5′ end sequences of both viral genomes were amplified by
rapid amplification of cDNAends as previously reported (Qiu et al., 2011).

2.4. Cloning and sequencing of PCR products

The purified RT-PCR products were cloned into the pMD18-T vector
(TaKaRa Biotechnology, Dalian, China) and then transformed into
calcium-competent Escherichia coli DH5α cells (TransGenBiotech, Bei-
jing, China). Recombinant plasmids which contain the product of each
PCR fragment were purified and then sequenced in both directions.
Each PCR fragmentwas sequenced at least thrice on anABI 3730 genetic
analyser (Beijing Genomics Institute, Beijing, China).

2.5. Sequence and phylogenetic analyses

Nucleotide sequence editing, analysis and amino acid sequence pre-
diction were conducted using the SEQMAN program of the DNASTAR
software suite (version 3.1; DNASTAR, Madison, WI, USA). NDV se-
quences which represent different genotypes and sub-genotypes were
downloaded from GenBank. Nucleotide similarity was processed using
the ClustalW multiple alignment algorithm of the DNASTAR software
suite (version 3.1; DNASTAR, Madison, WI, USA). On the basis of the
complete genome, a phylogenetic tree was constructed using the
MEGA software (Version 5.2) with the Kimura two-parameter model
and the neighbour-joining algorithm with 1000 bootstraps (Tamura
et al., 2011). The evolutionary distances among genotype VI sub-

Table 1
Genomic features and protein characteristics of Shaanxi06 isolate.

Genes Hexamer phasing
position at gene
starta

Gene characteristics (nt) Intergenic
sequence (nt)

Deduced protein
characteristics

Gene start
(from–to)

Total
length

5′-UTR Coding sequence
(from–to)

3′-UTR Gene end
(from–to)

Size (aa) MW
(kDa)

pI

NP 2 56–65 1753 66 122–1591 216 1798–1807 2 489 53.4 5.47
P 4 1810–1819 1451 83 1893–3080 180 3250–3260 1 395 42.1 6.82
V – – – – – – – – 239 25.4 6.82
W – – – – – – – – 227 24.8 9.75
M 4 3262–3271 1241 34 3296–4390 112 4493–4502 1 364 39.8 9.56
F 4 4504–4513 1792 46 4550–6211 84 6285–6295 31 553 58.9 8.29
HN 3 6327–6336 2002 91 6418–8133 195 8319–8328 47 571 62.7 7.74
L 6 8376–8385 6703 11 8387–15001 77 15069–15078 – 2204 248.5 7.06

a The nt position at the beginning of each gene start sequence when the entire genome is viewed as amultiple of six nt from the 3′end. The hexamer phasing positions at the gene start
range from 1 to 6.

Table 2
Genomic features and protein characteristics of Shaanxi10 isolate.

Genes Hexamer phasing
position at gene starta

Gene characteristics (nt) Intergenic
sequence (nt)

Deduced protein characteristics

Gene start
(from–to)

Total
length

5′-UTR Coding sequence
(from–to)

3′-UTR Gene end
(from–to)

Size (aa) MW (kDa) pI

NP 2 56–65 1753 66 122–1591 217 1798–1807 2 489 53.2 5.48
P 4 1810–1819 1451 83 1893–3080 180 3250–3260 1 395 42.1 7.25
V – – – – – – – – 239 25.2 5.70
W – – – – – – – – 155 16.4 6.37
M 4 3262–3271 1241 34 3296–4390 113 4493–4502 1 364 39.8 9.64
F 4 4504–4513 1792 46 4550–6211 84 6285–6295 31 553 59.0 8.01
HN 3 6327–6336 2002 91 6418–8133 198 8318–8328 47 571 62.8 7.56
L 6 8376–8387 6704 11 8387–15001 78 15069–15078 – 2204 248.4 6.93

a The nt position at the beginning of each gene start sequence when the entire genome is viewed as amultiple of six nt from the 3′end. The hexamer phasing positions at the gene start
range from 1 to 6.
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