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Abstract
Background: Newcastle disease (ND) has been categorized as a highly contagious viral disease, remaining as a constant threat to
both wild birds and commercial chickens. Aims: In this study, we recovered and characterized the avian orthoavulavirus 1 (AOaV-1)
strain, nominated as EM1, from the Eurasian magpie (Pica pica). Methods: The nucleotide and amino acid sequence of the fusion
protein (F protein) of EM1 were determined and its phylogenetic relationship was investigated with well-characterized AOaV-1
genotypes, which originated from wild bird species and chickens around the world. Results: Phylogenetic analysis and deduced
amino acid sequences of the F gene revealed that EM1 virus belonged to VIIl sub-genotype viruses with the characteristic multibasic
amino acid sequences associated with the velogenic motif as 112RRQKRF117 at the cleavage site of its precursor fusion protein. EM1
shared a high level of similarity to the other virus sub-genotypes in nucleotide and amino acid sequences of F protein. Furthermore,
the evolutionary difference between the studied virus and viruses belonging to the VIIl sub-genotype indicated that a close
relatedness and the possibility of a common origin. Conclusion: These results show that the virulent AOaV-1 of sub-genotype VIIl is
circulating continuously in Iran, and is disseminating among wild and domestic bird species that can cause bidirectional spillover
infection. Therefore, further epidemiological studies can be beneficial in the assessment of the evolution of AOaV-1 in its hosts and
will help us to be well-equipped in facing the emergence of new sub-genotypes of this virus.
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Introduction
Newcastle disease (ND) has been known as one of
the most serious infectious and fatal viral illnesses.
Newcastle disease has a global distribution and leads to
massive economic losses in the poultry industry
(Alexander, 2011). The pathogen agent, avian
orthoavulavirus 1 (AOaV-1; also known as ND virus) is
classified as the genus Orthoavulavirus belonging to the
family
Paramyxoviridae
within
the
order
Mononegavirales (ICTV, 2018).
Avian orthoavulavirus 1 is a negative-sense, single
stranded, non-segmented, enveloped RNA virus. Avian
orthoavulavirus 1 genome designs in the order of 3´ NPP-M-F-HN-L 5´ (Steward et al., 1993). Two surfaces
enveloped glycoproteins, HN, and F proteins are thought
to play a key role in virus cell entry (Sergel et al., 1993).
The amino acid sequences of AOaV-1 F cleavageactivation site are the main determinant of virus
pathogenicity (Courtney et al., 2013). Virulent AOaV-1
strains possess two dibasic amino acids (112R/K-R-Q-
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K/R-R116) at the C terminus of the F2 protein and F
(phenylalanine) at residue 117, while the avirulent strains
exhibit a sequence of monobasic amino acids (112G/EK/R-Q-G/E-R116) in the mentioned region and L
(leucine) at residue 117 (Alexander, 2011).
Based on genetic analyses of F protein, AOaV-1 has
been divided into two major genotype classes, class I and
II. Class I with nine genotypes (1-9) includes avirulent
strains, while class II consists of either avirulent or
virulent viruses. It divides into 18 genotypes (I-XVIII),
which are further clustered in various sub-genotypes
(Czegledi et al., 2006; Miller et al., 2010).
During the recent decade, new emergence of
genotypes of Class II is largely expanded in wild bird
populations. For example, several virulent strains of
genotypes VI, VII, and XIII have been reported within
the members of Phasianidae, Ardeidae, Accipitridae,
Anatidae, and Spheniscidae families (Rahman et al.,
2018). Therefore, the circulation of virulent AOaV-1
may pose severe threats to commercial poultries.
There are few studies investigating the presence and
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characterization of AOaV-1 strains in wild birds in Iran.
This study aimed to perform a genotyping and
phylogenetic analysis of a distinct AOaV-1 isolate,
named EM1, isolated from the Eurasian magpie (Pica
pica). In addition, the sequence of F protein was
analyzed to elucidate any potential evolutionary mutation
in comparison with vaccine and other AOaV-1 reference
viruses.

Materials and Methods
The experimental protocol was approved by Animal
Care Committee of Amol University of Special Modern
Technologies [ir.ausmt.rec.1399.02.16], Mazandaran,
Iran.

Sample preparation and virus propagation
Briefly, the whole brain and spleen of fresh Eurasian
magpies’ carcasses were extracted. Two hundred μL of
homogenized tissues were inoculated into the allantoic
cavity of 8-day-old embryonated chicken eggs (ECEs) in
three times passaging process. The positive
haemagglutination assay (HA) allantoic fluid was stored
at -70°C.

RNA extraction and reverse transcriptasepolymerase chain reaction (RT-PCR)
Viral RNA extracted using viral gene-spin™ viral
DNA/RNA extraction kit (iNtRON, South Korea),
according to the manufacturer’s instructions. The single
strand-cDNA was synthesized using murine leukemia
virus reverse transcriptase (M-MLV RT) and random
hexamer-primer (Yektatajhiz, cDNA Synthesis Kit,
Iran). PCR reaction analysis was done as described
previously by Kant et al. (1997).

Sequencing analysis
The complete extracellular domain protein of the F
gene was amplified by primer sets that were designed by
Qin et al. (2008) and subjected to sequencing. The
sequence was trimmed, assembled, and aligned using
Geneious version 6.1.2 (https://www.geneious.com) (Qin
et al., 2008). The newly generated sequence was
submitted to GenBank (accession No. MK659700). The
sequences aligned using MAFFT Plug-in in Geneious
with the default setting. The best substitution model for
each alignment was determined K2 + G using MEGA7
under the default setting.

Phylogenetic analysis
Phylogenetic trees were constructed and interpreted
with well-characterized AOaV-1 genotypes, according to
the criteria proposed by Diel et al. (2012). Analyses were
performed using the maximum likelihood method (ML)
based on the Kimura 2-parameter model using the
MEGA7 with 500 bootstrap replicates. Bootstrap >60%
was applied for defining node, and different genotypes
were designated an average distance per site >10% and
the gamma distribution model (shape parameter = 5).
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Initial phylogenetic analyses were conducted by the
coding sequences of F gene associated with the studied
virus and sequences applying in the Diel classification
system (n=82) (named data set 1). To ensure validity of
the initial tree, the second tree was constructed with the
date set 2 including 61 well known sequences from
different sub-genotypes VII (n=61) and EM1 (named
data set 2). The evolutionary divergence among studied
virus and several sub-genotype VII isolates, as well as,
the evolutionary difference between EM1, and AOaV-1
isolates of sub-genotype VIIl were assessed using the
maximum composite likelihood method with 500
bootstrap replicates in MEGA7 software (Kimura, 1980;
Kumar et al., 2016).

Results
Virus isolation and HA test
In this study, the isolated virus was confirmed by RTPCR.
This
isolate
was
named
Eurasian
magpie/Iran/EM1/2017 (abbreviated as EM1).

Preliminary analysis of nucleotide and deduced
amino acid sequences
BLAST and clustal omega analysis revealed that a
high value of nucleotide (nt) and amino acid (aa) identity
was between EM1 and Iranian AOaVs-1 F gene
sequences available in GenBank, ranged between 83.6199.81% and 87.94-99.61%, respectively (Table 1).
Also, the highest level of identity was observed with
those strains recently characterized by Mouloki et al.
(2019) and Sabouri et al. (2017) particularly,
Ck/IR/MAM68/17 (99.81%) and Ck/IR/MAM72/18
(98.61%) in levels of nt and aa, respectively
Supplementary Table 1 (ST1) (Sabouri et al., 2017;
Molouki et al., 2019). The comparison of F gene
sequences between EM1 and AOaV-1 strains isolating
from other countries such as Israel and China, displayed
identity up to 96.95% (nt) and 97.28% (aa) (Table 1).

Phylogenetic analysis
The phylogenetic analysis revealed that EM1 isolate
was clustered with the genotype VII and segregated into
novel VIIl sub-genotypes that was distinguished from all
other sub-genotype VII strains (Fig. 1). In addition, a
phylogenetic tree generated with data set 2 again
confirmed our preliminary observation Supplementary
Figure 1 (SF1).
The evolutionary divergence between EM1 and other
sub-genotypes VII showed the distinct variation rate,
ranging from 0.0095 to 0.1160, with the lowest and
highest distances levels versus VIIl and VIIk (Table 2).
As shown in the Supplementary Table 2 (ST2), 15
sub-genotype VIIl viruses and EM1 were a divergence
with 0 to 1.9% within the cluster, whereas the lowest and
highest divergence toward Ck/IR/MAM68/17 (0.2%) and
Ck/IR/SMV-3/11(1.8%), respectively.

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160

157

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160

Iranian Journal of Veterinary Research, Shiraz University

Iranian Journal of Veterinary Research, Shiraz University

158

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160

159

Iranian Journal of Veterinary Research, Shiraz University

virulent virus.
The analysis of amino acid sequences of neutralizing
epitope profiles of F protein revealed that EM1 relatively
has conserved amino acids in comparison to other
representative AOaV-1 strains. Exceptionally, EM1
contains an amino acid S (serine) at residue 79 than
AOaV-1 vaccine strains (Lasota and B1) and other subgenotypes VII strains (Table 3). Furthermore, EM1 and
other references AOaV-1 strains genotype VII exhibited
conserved patterns of potential glycosylation sites and
the same number of cysteine amino acid residues (Table
3).

Discussion

Fig. 1: Molecular phylogenetic relationship of AOaV-1 F gene
(nt 52-1599) from Eurasian magpie with other widely accepted
AOaV-1 genotypes. The analysis involved 82 nucleotide
sequences. EM1 isolate in this study is indicated by black
circle. Abbreviations are shown in the legend of Table 3

Molecular characterization of the F protein
Table 3 illustrates that the majority of the strains of
genotype VII and EM1 shared the same cleavage sites
motif (112RRQKRF117) which is the characteristics of the
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In this study, the isolate EM1 was recovered from
Eurasian magpie and genotypically characterized. To the
best of our knowledge, this is the first report of isolation
and characterization of AOaV-1 from the Eurasian
magpie in Iran.
Genetic investigation indicated that the Eurasian
magpie isolate belongs to the novel sub-genotype VIIl
viruses, which recently has been identified from
commercial and backyard chickens in Iran (Fig. 1 and
Supplementary Figure 1 (SF1), Supplementary Table 1
(ST1)) (Sabouri et al., 2017; Molouki et al., 2019). The
evolutionary difference analysis illustrated that EM1 has
a close relatedness with strains Ck/IR/MAM68/17, which
was classified into clusters VIIl (Supplementary Table 2
(ST2)). These results suggested the presence of an
epidemiological association and the modes of
dissemination of virus between wild birds and the
chicken population.
Molecular pathotyping exhibited that AOaV-1
isolated from the Eurasian magpie is a velogenic one.
This finding is in agreement with the data indicating that
the majority of the genotype VII viruses isolated from
both chicken and non-chicken origins were virulent
(Table 3).
In most of AOaV-1 isolates, the neutralizing epitopes
contain no deletions or insertions and were comparably
conserved. Isolate EM1 possesses S (serine) at residue 79
in comparison with vaccine strains (Lasota and B1) and
other strains of genotype VII (A79). This substitution is
followed by changing the amino acid from the state of
non-polar to polar mode (Table 3). Although the effect of
this mutation in the pathogenicity of EM1 requires
further analysis, this antigenic variant could be related to
the virus during infection of a new host and the virus
virulence (Dimitrov et al., 2016).
Based on our data, the close genetic similarity
between AOaV-1 isolated from Eurasian magpie and
other Iranian sub-genotype VIIl strains proposed the
rapid circulation of this sub-genotype among different
species of birds in distinctive geographical locations of
the country. Isolation of the virulent strains in wild birds
has been increasing the concern of new epizootics of ND
in poultry (Courtney et al., 2013). Bidirectional
spillovers occasionally disseminate virulent strains
among wild bird species and chicken populations
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(Shengqing et al., 2002). Therefore, highly mobile
infected wild bird reservoirs such as Eurasian magpies
may have crucial roles in introducing AOaV-1 to
susceptible hosts.
Several major potential factors such as increasing the
awareness of farmers, adopting strict biosecurity,
developing new antigens vaccine, and wider vaccination
can protect avian species more from the entry of AOaV-1
into chicken farms and can prevent the infection of other
avian species. Overall, the data indicate that there are
very few boundaries for virulent AOaV-1 to infect new
vulnerable hosts. Hence, constant epidemiological
studies would have a benefit for us to be well-equipped
in the emergence of a new genotype of the virus and
tracing its possible origin.

Acknowledgements
The authors would like to thank Prof. A. Camarada
and Dr. H. Moazzeni for their technical assistance. We
would also like to extend our gratitude to Dr. F. Origgi
for his English language editing. This work is supported
by a research grant from the Amol University of Special
Modern Technologies, Amol, Iran.

Conflict of interest
None of the authors has any conflicts of interest to
declare.

References
Alexander, DJ (2011). Newcastle disease in the European
Union 2000 to 2009. Avian Pathol., 40: 547-558.
Courtney, SC; Susta, L; Gomez, D; Hines, LN; Pedersen,
JC; Brown, CC; Miller, PJ and Afonsoa, CL (2013).
Highly divergent virulent isolates of Newcastle disease
virus from the Dominican Republic are members of a New
Genotype that may have evolved unnoticed for over 2
decades. J. Clin. Microbiol., 51: 508-517.
Czegledi, A; Ujvari, D; Somogyi, E; Wehmann, E; Werner,
O and Lomniczi, B (2006). Third genome size category of
avian paramyxovirus serotype 1 (Newcastle disease virus)
and evolutionary implications. Virus Res., 120: 36-48.
Diel, DG; da Silva, LH; Liu, H; Wang, Z; Miller, PJ and
Afonso, CL (2012). Genetic diversity of avian
paramyxovirus type 1: proposal for a unified nomenclature
and classification system of Newcastle disease virus
genotypes. Infect. Genet. Evol., 12: 1770-1779.
Dimitrov, KM; Bolotin, V; Muzyka, D; Goraichuk, IV;
Solodiankin, O; Gerilovych, A; Stegniy, B;

160

Goujgoulova, GV; Silko, NY; Pantin-Jackwood, MJ;
Miller, PJ and Afonso, CL (2016). Repeated isolation of
virulent Newcastle disease viruses of sub-genotype VIId
from backyard chickens in Bulgaria and Ukraine between
2002 and 2013. Arch. Virol., 161: 3345-3353.
ICTV (2018). Virus taxonomy: the classification and
nomenclature of viruses. The Online Report of the ICTV.
https://talk.ictvonline.org/taxonomy/. Accessed July 2019,
Budapest, Hungary.
Kant, A; Koch, G; Van Roozelaar, DJ; Balk, F and Huurne,
AT (1997). Differentiation of virulent and non-virulent
strains of Newcastle disease virus within 24 hours by
polymerase chain reaction. Avian Pathol., 26: 837-849.
Kimura, M (1980). A simple method for estimating
evolutionary rate of base substitutions through comparative
studies of nucleotide sequences. J. Mol. Evol., 16: 111-120.
Kumar, S; Stecher, G and Tamura, K (2016). MEGA7:
molecular evolutionary genetics analysis version 7.0 for
bigger datasets. Mol. Biol. Evol., 33: 1870-1874.
Miller, PJ; Decanini, EL and Afonso, CL (2010). Newcastle
disease: evolution of genotypes and the related diagnostic
challenges. Infect. Genet. Evol., 10: 26-35.
Molouki, A; Mehrabadi, MHF; Bashashati, M; Akhijahani,
MM; Lim, SHE and Hajloo, SA (2019). NDV
subgenotype VII(L) is currently circulating in commercial
broiler farms of Iran, 2017-2018. Trop. Anim. Health Prod.,
51: 1247-1252.
Qin, ZM; Tan, LT; Xu, HY; Ma, BC; Wang, YL; Yuan, XY
and Liu, WJ (2008). Pathotypical characterization and
molecular epidemiology of Newcastle disease virus isolates
from different hosts in China from 1996 to 2005. J. Clin.
Microbiol., 42: 601-611.
Rahman, AU; Habib, M and Shabbir, MZ (2018).
Adaptation of Newcastle disease virus (NDV) in feral birds
and their potential role in interspecies transmission. Open
Virol. J., 12: 52-68.
Sabouri, F; Vasfi Marandi, V and Bashashati, M (2017).
Characterization of a novel VIIl sub-genotype of Newcastle
disease virus circulating in Iran. Avian Pathol., 47: 90-99.
Sergel, T; McGinnes, L and Morrison, T (1993). Role of a
conserved sequence in the maturation and function of the
NDV HN glycoprotein. Virus Res., 30: 281-294.
Shengqing, Y; Kishida, N; Ito, H; Kida, H; Otsuki, K;
Kawaoka, Y and Ito, T (2002). Generation of velogenic
Newcastle disease viruses from a nonpathogenic waterfowl
isolate by passaging in chickens. Virology. 301: 206-211.
Steward, M; Vipond, IB; Millar, NS and Emmerson, PT
(1993). RNA editing in Newcastle disease virus. J. Gen.
Virol., 74: 2539-2547.

Supporting Online Material
Refer to web version on PubMed Central® (PMC) for
Supplementary Material.

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 155-160

Powered by TCPDF (www.tcpdf.org)

