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   Abstract 
BACKGROUND: Newcastle disease virus (NDV) is an avian pathogen that infects various birds worldwide. Recurrent 
outbreaks of ND consistently occurring in Iran cause substantial economic losses each year. The Northeast region of Iran 
has an extensive commercial poultry industry and is also a big exporter of poultry products to other countries. Therefore, 
consistent and dynamic surveillance of the NDV's prevalence in this geographic region is essential in controlling the 
disease. 
OBJECTIVES: The virulence of the virus is determined based on the sequence of Fusion (F) protein. However, though 
the Phosphoprotein (P) and Matrix (M) proteins of NDV are also involved in the evolution and pathogenicity of the virus, 
molecular evaluation of their genomic loci in the NDVs prevalent in Iran is limited. Here, we present data for the sequences 
of full-length P and M genes belonging to an NDV that caused the ND outbreak of 2011 in the Northeast of Iran. 
METHODS: The genomic sequences encoding full-length P and M proteins as well as that of F protein were amplified 
using PCR and sequenced by the Sanger sequencing. The obtained sequences, plus their translated proteins, were evalu-
ated using various bioinformatics approaches, such as homology and phylogenetic analyses. 
RESULTS: Phylogenetic analyses based on P, M, and F genes clustered our isolate together with VII.I.I GenBank se-
quences from Iranian sources reported from 2011 to 2019, as well as with those reported from China. But our isolate 
showed less homology to vaccine strains commonly used in Iran.  
CONCLUSIONS: Our study showed that, in addition to the newly evolving sub-genotypes, VII.1.1 variants are still 
circulating in the region. The weak homology in determinant regions between this strain and those used for vaccine pro-
duction must be considered in vaccination programs. Further, the persistent presence of NDV genotypes already prevalent 
in the Far East in Iran highlights the importance of biosecurity management and dynamic surveillance in controlling ND. 
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Introduction 
Newcastle disease (ND) is an avian viral infection 

that causes substantial economic losses in the poultry 
industry worldwide (Yune & Abdela, 2017). New-
castle disease virus (NDV), a.k.a. APMV-1, is a 
member of the Paramyxoviridae family, genus Or-
thoavulavirus (Yune & Abdela, 2017). The genome 
of NDV codes for six main viral proteins identified 
as NP, P, M, F, HN, and L (Flint et al., 2020).  

F protein plays a pivotal role in the pathogenicity 
of NDV (OIE, 2012; Wang et al., 2017a). This pro-
tein maintains various determinants such as 
neutralizing epitopes, hypervariable regions, and fu-
sion peptides that have essential roles in the 
establishment of the viral infection (Sergel-Germano 
et al., 1994; Yusoff et al., 1989; Wang et al., 2016; 
Wang et al., 2017b; Thi Huong et al., 2019). 

The gene coding for the polycistronic phospho-
protein (P) is the most variable gene of NDV. Some 
genomic variations in this region help NDV escape 
from the host's immune response in previously vac-
cinated birds (Kattenbelt et al., 2006).  

On the other hand, the gene coding for M protein 
endures minimum sequence variations, suggesting it 
is a valuable target for virus typing (Seal et al., 
2000). However, evidence shows that the fundamen-
tal region in M protein plays characteristic roles in 
the pathogenicity of the virus (Coleman & Peeples, 
1993; Kattenbelt et al., 2006; Duan et al., 2014a; 
Duan et al., 2014b;). 

There is no effective treatment available for ND. 
Therefore, measures to prevent the disease's occur-
rence and outbreak, such as biosecurity approaches 
and vaccination, are the most effective approaches in 
keeping the disease under control and minimizing 
the economic losses (Yune & Abdela, 2017). How-
ever, the cross-protection from vaccination between 
the different genotypes of NDV is minimal (Miller 
et al., 2007). Accordingly, up-to-date knowledge of 
the NDVs prevalent and/or evolving in a region as 
well as maintaining efficient models to predict the 
possible introduction of non-native NDVs into the 
region is critical in this regard. 

The Northeast region of Iran is a major producer 
and exporter of poultry products to other countries 
(Mohaddes, 2009). Common and rather long borders 

with countries with poor biosecurity measures ne-
cessitate consistent and dynamic surveillance of ND 
in this geographic region. The genomic analyses of 
NDV in Iran have so far been focused on regions har-
boring HN and cleavage site of F gene, and studies 
on other important genomic regions such as those 
coding for P and M proteins are limited. Here, we 
report the full genomic sequences of the P and M loci 
as well as that of the coding region (419 base pairs) 
of the F gene in a viral isolate obtained from an out-
break of ND in a broiler farm in the Northeast of Iran 
and analyze it. Further, phylogenetic and epidemio-
logical relationships between the studied isolate and 
previously reported strains worldwide were sur-
veyed. Our multiple alignments and phylogenetic 
analyses identified this virus of velogenic VII.1.1 
genotype grouped with those reported from China. 

Materials and Methods 
History 

An outbreak of Newcastle disease was reported in 
the Northeast of Iran in 2011. Sick chickens showed 
clinical manifestations of virulent ND. Briefly, the 
affected vaccinated broiler chickens displayed high 
mortality (between 40-80%) and severe symptoms 
of torticollis, lateral twisting of the head and neck, 
gasping and respiratory distress, green bile pigment, 
and white urates in faces. Vaccinated layer flocks 
also showed nervous symptoms, egg drop produc-
tion, and deformed-shell eggs up to 70%. Gross 
pathology revealed cecal tonsils necrosis accompa-
nied by proventriculus multifocal hemorrhages. 

Virus Propagation and Primary Identification 
Ten brain samples from a broiler flock with a high 

mortality rate (40% in 2 weeks), severe nervous clin-
ical symptoms, and enteric lesions were collected for 
virus isolation. The samples were transferred on ice 
to the poultry clinic of the School of Veterinary 
Medicine, the Ferdowsi University of Mashhad, 
where they were processed for in vivo pathogenicity 
verification and virus propagation according to the 
standard guideline (OIE, 2012). The procedures out-
lined by OIE are used to verify the NDV virulence 
in vivo (OIE, 2012). For this, criteria such as mean 
death time (MDT) in 9-day-old embryonated spe-
cific-pathogen-free (SPF) eggs and intracerebral 
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pathogenicity index (ICPI) in 1-day-old chicks (Gal-
lus gallus) were considered. Accordingly, the sam-
ples were homogenized, pooled, and used to inocu-
late allantoic fluids of 10-day-old Specific Pathogen 
Free (SPF) embryonated chicken eggs (Razi insti-
tute, Karaj) (OIE, 2012). Three to four days post-
inoculation, embryos were found dead with severe 
and petechial hemorrhages. The allantoic fluids were 
harvested, and viral infection was confirmed by HA 
assay, as described previously (OIE, 2012). 

Primer Design 
Three and two sets of primers were designed to 

amplify P and M genes, respectively (Table 1) using 
Primer 3 Web (version 4.1.0) (Koressaar et al., 
2018). They were designed to generate overlapping 
amplicons to have the sequence information cover-
ing full-length genes. Primers reported by Aldous et 
al. (2003) were used to amplify the cleavage site of 
the F gene.  

 

Table 1. Specifications of the primers used to amplify P and M genes. 

Amplicon Size (bp) Position Primer Sequences Primer Name 

883 
3051-3068 5′- AAGATCAAACGCCTTGCG-3′ NDV-M1 –F 

3911-3933 5′- TCCACATCAATAGTGACATTGAG-3′ NDV-M1 –R 

779 
3790-3807 5′- GAGCGGAACCCTAGAGTA-3′ NDV-M2 -F 

4550-4568 5′ - TAGAAGGTTTGGAGCCCAT-3′ NDV-M2 -R 

958 
1566-1584 5′ - ACAACGACACTGACTGGGG-3′ NDV-P1-F 

2503-2523 5′- GAGTATTGTCTTGGCTCTGCC-3′ NDV-P1-R 

793 
2271-2293 5′- AAATCGTCCAATGCTAAAAAGGG-3′ NDV-P2-F 

3042-3063 5′- GGCGTTTGATCTTCCTGATCTC-3′ NDV-P2-R 

729 
2747-2767 5′- TTGTGCTAACGTTTCATCCTT-3′ NDV-P3-F 

3456-3475 5′- GGTGATGAATACCGAGTCTTC-3′ NDV-P3-R 
 

RNA Extraction and RT-PCR 
RNA isolation kit-III (Dena zist, Iran) was used 

for RNA extraction from Allantoic fluids. The RNA 
was then reverse transcribed into cDNA using Acu-
uPower®CycleScript RT PreMix kit (Bioneer Corp-
oration, South Korea). The cDNAs were used to am-
plify the genes of interest (P, M, or F genes) using 
AccuPower®PCR PreMix kit (Bioneer Corporation, 
South Korea). The PCR conditions were as follows: 
95°C/ 4min, 25x (95 °C/30 s, 58/40 s for M gene 
fragment 1, 55/45 s for F gene, and 60°C/40 s for all 
the other amplifications, 72°C/1 min), 72°C/10 min. 

Electrophoresis and Sequencing 
The PCR products were gel separated using aga-

rose 1.2%, and the amplified products were excised 
and extracted using S-1050-1 kit (Dena zist, Iran). 
The purified products were sequenced in both direc-
tions using Sanger sequencing by Macrogen Com-
pany (South Korea). 

 

Bioinformatics Analyses 
The sequenced data were evaluated, and the corre-

sponding full gene sequences were reconstructed using 
CLC Main Workbench (version 5.5) (CLC Genomics 
Workbench). The sequences were confirmed to be that 
of the corresponding genes, i.e., P, M, or F genes, using 
the BLAST function of the National Center for Bio-
technology Information (NCBI) database. 

Nucleotide sequences were deposited in the Gene-
Bank database with the accession numbers MG017-
442, MG017443, and JQ344320 for M, P, and partial 
sequence of F genes, respectively (The accession num-
ber of complete cds of F gene is available on request).  

MEGA 7 (version 7.0.26) program (Kumar et al., 
2016), set at Maximum Likelihood, K2+G model, 
and 1000 bootstrapping, was used to construct the 
phylogenetic trees. Initially, a 419-bp nucleotide se-
quence of the F gene obtained for the studied isolate 
and the related sequences for other 47 ND strains 
previously reported in Iran was used to generate the 
phylogenetic tree. Subsequently, other phylogenetic 
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trees were generated based on our isolate's P, M, and 
F gene sequences in conjunction with those of more 
than 100 other NDV strains classified by Dimitrov et 
al. (2019). Three class I NDVs with large distances 
were used as outgroups. It is noteworthy that the 
complete sequence of F was analyzed. However, the 
related data are not shown in this study. 

The nucleotides and their translated amino acid 
sequences aligned by Clustal X (version 2.1) (Hig-
gins & Sharp, 1988) were analyzed using the 
bioinformatics programs BioEdit (version 7.2.6) 
(Hall, 1999) and MEGA7 (version 7.0.26) (Hall, 
1999) and MEGA7 (version 7.0.26) (Kumar et al., 
2016). Applications were used to conduct similarity 
and distance evaluation, estimate nucleotide substi-
tution rate, and compare amino acid composition.  

 

Results 
Primary Virus Identification and Pathogenic-
ity Evaluation 

Based on clinical findings indicative of ND, brain 
samples belonging to 10 chickens from one broiler 
farm were pooled and used for further molecular 
characterization (see Material and Methods). We 
subjected the isolate to MDT and ICPI assays, which 
were determined to be <60 h and >1.5, respectively. 
This, plus the F protein amino acid composition (Ta-
ble 2), showed that our isolate was a velogenic strain. 
The studied isolate was used to inoculate the allan-
toic fluid of 10-day-old SPF chicken eggs. Embryos 
in the inoculated eggs died with severe petechial 
hemorrhages 3-4 days postinoculation. HA assay on 
the allantoic fluids of the inoculated embryos 
showed an antigen titer of 6 HA units per 25 μL.  

Table 2. The amino acid substitutions in fusion peptide and cleavage site of F protein in the studied isolate and some other similar se-
quences submitted in GenBank. Isolates are represented by the nucleotide and protein GenBank accession numbers host name, country of 
isolation, and year of isolation. The isolate subject of the current study is shown in bold. 

Strains Genotype (Di-
mitro et al) 

Fusion peptide Cleavage site 

(117-141) (112-117) 

117 121 124 125  

Consensusa  F V S V RRQKRF 

JQ344320/AFE88591/chicken/Iran/2011 VII.1.1 -b - - - - 

JQ344316/AFE88587/chicken/Iran/2011 VII.1.1 - - - - - 

MF417546/AWL30643/chicken/Iran/2011 VII.1.1 - - - - - 

KU201411/APQ40665/chicken/Iran /2012 VII.1.1 - - - - - 

KJ176996/AHH29646/poultry/Iran /2013 VII.1.1 - - - - - 

KP771863/AKS29172/chicken/Iran/2014 VII.1.1 - - - - - 

KX268351/ANS53884/chicken/Iran/2015 VII.1.1 - - - - - 

KY205741/APT68160/Gallus-gallus/Iran/ 2016 VII.1.1 - - - - - 

MH247186/QBA17051/chicken/Iran/2017 VII.1.1 - - - - - 

MH481363/QBA31041/chicken/Iran/2018 VII.1.1 - - - - - 

MK421574/QBB00155/chicken/Iran/ 2019 VII.1.1 - - - - - 

MT254060/cockatiel/Iran/ 2019 VII.2 - - - - - 

MG871466/AWL80007/chicken/Iran/ 2017 VII.2 - - - I - 

AY390310/AAS00585/goose/China VII.1.1 - - - - - 

KF208469/AGW16335/chicken/China/2013 VII.1.1 - - - - RRRKRF 

JN400896/AEW24454chicken/China/2011 VII.1.1 - - - - - 

KU665482/ANW12438/chicken/Iran/2015 II L I G - GRQGRL 
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Strains Genotype (Di-
mitro et al) 

Fusion peptide Cleavage site 

(117-141) (112-117) 

117 121 124 125  

KU886038/ANQ45239/chicken/Iran/2014 II L I G - GRQGRL 

AY928933/AAX31653/Chicken/Iran/1996 XIII.1.1 - - - - RRQRRF 

JQ267579/AFD50426/chicken/Iran/2011 XIII.1.2 - - - - RRRKRF 

MK592884/QDE10569/pigeon/Iran/2018 XX1.1 - I - - KRQKRF 

MG456676/AYA42676/dove/Iran/2014 XXI.2 - - - I - 

MH377283/AXE74038/chicken/Israel/2007 XXI.1.1 - - - - - 

KP189357/AJV88398/mallard/Russia/2008 XXI.2 - - - - - 

AB853927/BAN84091/chicken/Japan/1999 VII.1.1 - - - - - 

EU140948/ ABV60349/South-Korea/2004 VII.1.1 - - - - - 

MK006024/QCX35395/pigeon/Vietnam/2002 VII.1.1 - - - - - 

AF358786/AAK77482/chicken/Taiwan/2000 VII.1.1 - - - - - 

HQ697254/AEV40792/chicken/Indonesia/ 2010 VII.2 - - - - - 

KT355595/AMD82623/Gallus gallus/Malaysia/ 2013 VII.2 - - - - - 

KX268691/APY26422/parakeet/Pak/2015 VII.2 - - - - - 

MH614933/AXK59831/chicken /Jordan/2018 VII.2 - - - - - 

GQ338310/ADH10211/pigeon/China/44/2003 VII.1.2 - - - - - 
a The consensus sequence was obtained from 100 sequences represented in GenBank  
b Identical amino acid as the consensus sequence 

 
Homology Analyses 

BLAST function of the NCBI database was used 
to run pairwise alignment analyses. For this purpose, 
we first used the coding sequence of the F gene (419 
bps), and this analysis revealed high homology 
(98.33-99.76%) of our isolate to other VII.1.1 geno-
types isolated between 2011 and 2019 in Iran (Table 
3). Further, the VII.1.1 genotypes of Chinese origin 
were the closest foreign strains to our isolate (Table 
3). However, two VII.2 isolates (MG871466 and 
MT254060) recently reported in 2017 and 2019 
from Iran were closer to variants reported from Pa-
kistan (Table 3) than our isolate. 

The coding and non-coding regions of the P, M, 
and F genes were used in the second run. As shown 
in Table 4, this analysis produced similar data to the 
previous one. Furthermore, the analyses of the full 
sequence of F showed similar patterns (data are not 
presented in this study). 

Distance Analyses 
Distance analyses using the coding sequence (419 

bps) of the F gene showed the same trends revealed 
by the homology analyses. The nucleotide distances 
between our isolate and other VII.1.1 sequences re-
ported from Iran between 2011 and 2019 were less 
than 0.05 (Table 3). This value was higher when 
VII.1.1 isolates from other countries such as Russia, 
Japan, South Korea, Vietnam, and Taiwan were con-
sidered. However, it remained less than 0.05 for 
Chinese strains (Table 3). As expected, sequences 
derived from other VII sub-genotypes (VII.2 and 
VII.1.2) belonging to Iran and other countries were 
significantly distant from our isolate (Table 3). 
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Table 3. Identities (%) and distances of the 419-bp coding sequences of the F gene of the studied isolate with some other similar VII 
genotype isolates. The codon positions included were 1st+2nd+3rd+Noncoding. The sequences with the highest level of identity to the 
studied isolate are shown in bold. 

Virus designation nt Identity aa identity Distance 
VII.1.1/KP771863/chicken/Iran/2014 99.76 99.29 0.002 
VII.1.1/JQ344316/chicken/Iran/2011 99.76 99.29 0.002 
VII.1.1/MF417546/chicken/Iran/2011 99.52 99.29 0.005 
VII.1.1/KU201411/chicken/Iran /2012 99.52 99.29 0.005 
VII.1.1/ MK421574/chicken/Iran/ 2019 99.28 98.57 0.007 
VII.1.1/ KY205742/chicken/Iran /2015 99.28 98.57 0.007 
VII.1.1/KJ176996/poultry/Iran /2013 99.28 98.57 0.007 
VII.1.1/MK659696/chicken/Iran/2017 99.21 98.57 0.008 
VII.1.1/KX447629 /chicken/Iran/2015 99.05 97.86 0.01 
VII.1.1/KX268351/chicken/Iran/2015 99.05 97.86 0.01 
VII.1.1/ MH481363/chicken/Iran/2018 98.81 97.86 0.012 
VII.1.1/MH247186/chicken/Iran/2017 98.81 98.57 0.012 
VII.1.1/MN242824/chicken/Iran/2017 98.81 98.57 0.012 
VII.1.1/MG519857/chicken/Iran/2015 98.57 97.14 0.015 

VII.1.1/KY205741/Gallus-gallus/Iran/ 2016 98.33 96.43 0.017 
VII.1.1/JQ344318/chicken/Iran/2011 96.43 95.35 0.04 
VII.2/MT254060/cockatiel/Iran/ 2019 89.05 86.82 0.142 
VII.2/MG871466/chicken/Iran/ 2017 89.26 88.37 0.135 

VII.1.1/AY390310/goose/China 96.42 93.02 0.039 
VII.1.1/KF208469/chicken/China/2013 96.18 93.8 0.041 
VII.1.1/JN400896/chicken/China/2011 96.18 93.02 0.05 

VII.1.1/KU295453/chicken/Ukraine/2007 95.47 92.25 0.053 
VII.1.1/ MH377283 /chicken/Israel/2007 95.47 93.02 0.064 
VII.1.1/KP189357/mallard/Russia/2008 95.23 92.97 0.124 
VII.1.1/AB853927/chicken/Japan/1999 94.47 89.92 0.124 
VII.1.1/EU140948/South-Korea/2004 94.75 90.7 0.134 

VII.1.1/MK006024/pigeon/Vietnam/2002 94.27 91.47 0.135 
VII.1.1/AF358786/chicken/Taiwan/2000 92.84 89.15 0.145 

VII.2 /HQ697254/chicken/Indonesia/ 2010 89.98 89.15 0.316 
VII.2 /KT355595/Gallus gallus/Malaysia/ 2013 89.98 89.15 0.312 

VII.2/KX268691/parakeet/Pak/2015 89.52 87.6 0.142 
VII.2/MH614933/chicken /Jordan/2018 88.81 86.05 0.222 

VII.1.2/GQ338310/pigeon/China/44/2003 91.89 89.15 0.095 

 
As is shown in Table 4, distance analyses based 

on the coding and non-coding region of the P, M, and 
F genes were consistent with the data generated us-
ing the coding region of the F gene alone. 

Phylogenetic Analyses 
Phylogenetic analysis using sequences of F (Fig-

ures 1 and 2), P (Figure 3), and M (Figure 4) genes 

showed that our isolate is clustering with sub-geno-
type VII.1.1 of NDVs reported from various 
countries from 2000-2019; and especially with those 
reported in China and Iran. Our isolate was far from 
vaccine strains (KU665482 and KU886038) and 
other NDV genotypes (VII.2, XIII, XXI) previously 
reported from Iran. 

 



Genotype VII.1.1 of NDV in Iranian Chicken Farms Solmaz Morovati et al. 
 

 

132 Iran J Vet Med., Vol 16, No 2 (Spring 2022) 
 

 

 

 
Figure 1. Phylogenetic tree, based on the nucleotide sequences of 419-bp coding region of the F gene of the studied isolate, compared to 
the related sequences from some other isolates reported from Iran available until 2019. The maximum likelihood method and K2+G model 
with 1000 Bootstrap replicates were used. The taxa names include the GenBank accession number (Dimitrov et al. classification/old 
classification), hostname, country of isolation, strain designation, and year of isolation. The isolated subject of the current study is marked 
by a circle. Class I is assigned as an outgroup. 

 

Table 4. Identities (%) and distances based on the genomic region of P and M and the 419-bp coding sequences of the F gene. The isolate 
reported in the present work is compared to some other VII genotypes. The codon positions included were 1st+2nd+3rd+Noncoding. The 
sequences with the highest level of identity to the studied isolate are shown in bold. 

Virus designation nt identity aa identity Distance 

VII.1.1/MF417546/chicken/Iran/2011 98.66 95.9 0.005 

VII.1.1/JF340367/goose/China/2002 95.34 88.52 0.041 

VII.1.1/KX765179/duck/China/2011 95.25 87.97 0.05 

VII.1.1/JN599167/penguin/China/1999 95.25 87.97 0.047 

VII.1.1/FJ872531/duck/China/2002 95.22 87.86 0.044 

VII.1.1/AF473851/goose/China 95.22 88.19 0.047 

VII.1.1/KU295453/chicken/Ukraine/2007 95.12 88.38 0.05 

VII.1.1/ NC_039223/duck/China/2008 95.1 88.08 0.047 

VII.1.1/JN400896/chicken/China/2011 95.01 87.31 0.041 

VII.1.1/ MH377283 /chicken/Israel/2007 95.06 85.94 0.05 

VII.1.1/MH377251/chicken/Israel/2010 95.06 86.44 0.058 

VII.1.1/KP189357/mallard/Russia/2008 94.47 86.85 0.064 
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Virus designation nt identity aa identity Distance 

VII.1.1/AB853927/chicken/Japan/1999 93.07 83.02 0.064 

VII.2 /MG871466/chicken/Iran /2017 88.43 72.22 0.135 

VII.2/KX268691/parakeet/Pak/2015 88.75 72.69 0.134 

VII.2 /HQ697254/chicken/Indonesia/2010 89.02 73.25 0.124 

VII.2/MH614933/chicken /Jordan/2018 88.13 70.74 0.145 

VII.2 /KT355595/Gallusgallus/Malaysia/ 2013 86.51 67.36 0.124 

VII.1.2/GQ338310/pigeon/China/44/2003 91.42 79.30 0.095 

VII.1.2/GQ338309/pigeon/China/18/2003 91.33 78.88 0.089 
 

 

 

 

Figure 2. Phylogenetic tree, based on the nucleotide sequences of 419-bp coding region of the F gene of the studied isolate, compared to 
more than 100 NDV isolates with different genotypes submitted in GenBank. The maximum likelihood method and K2+G model with 
1000 Bootstrap replicates were used. The taxa names include the GenBank accession number (Dimitrov et al. classification/old classifi-
cation), hostname, country of isolation, strain designation, and year of isolation. The isolated subject of the current study is marked by a 
circle. Class I is assigned as an outgroup. 
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Figure 3. Phylogenetic tree, based on complete nucleotide sequences of P genes of the studied isolate, compared to more than 100 NDV 
isolates with different genotypes submitted in GenBank. The maximum likelihood method and K2+G model with 1000 Bootstrap repli-
cates were used. The taxa names include the GenBank accession number (Dimitrov et al. classification/old classification), hostname, 
country of isolation, strain designation, and year of isolation. The isolated subject of the current study is marked by a circle. Class I is 
assigned as an outgroup. 

 

 

Figure 4. Phylogenetic tree, based on complete nucleotide sequences of M genes of the studied isolate, compared to more than 100 NDV 
isolates with different genotypes submitted in GenBank. The maximum likelihood method and K2+G model with 1000 Bootstrap repli-
cates were used. The taxa names include the GenBank accession number (Dimitrov et al. classification/old classification), hostname, 
country of isolation, strain designation, and year of isolation. The isolated subject of the current study is marked by a circle. Class I is 
assigned as an outgroup. 
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Table 5. Nucleotide substitutions pattern in the NDV isolate presented in the current work. Transition substitutions shown in bold and 
transversion substitutions are shown in italics. 

 A T C G 
A - 1.54 2.41 16.96 
T 2.66 - 30.12 2.42 
C 2.5 18.03 - 0.28 
G 21.04 1.73 0.33 - 

 

Multiple Alignments of Phosphoprotein and Matrix Proteins 
Multiple alignments of P and M translated se-

quences from our isolate with those reported from 
other countries showed, as expected, more transi-
tion than transversion mutations (Table 5), plus 
higher frequencies of third-place substitutions at 
each codon (data not shown). Further, this analysis 
identified Valine (V) to Isoleucine (I) and Alanine 
(A) to Valine (V) as the most common amino acid 
changes in both proteins (data not shown). 

P nucleotide sequence in our isolate showed 
more variability than the M gene, and most of the 
variations in P had occurred within the N-terminal 
site of the protein (data not shown). Our isolate's nu-
clear localization sequence (NLS) of the M protein 
(aa.s 247-263) was identical to that of the other VII 
genotypes reported from Iran, China, and Jordan. 
Still, it showed variations compared to that of VII.2 

isolates identified in Pakistan, Indonesia, and Ma-
laysia (Table 6). Two clusters of basic amino acids 
at positions 250-251 and 262-263 are reported to 
have a main role in the nuclear localization of M 
protein (Mayo, 2002). However, our isolate showed 
no substitution at these positions. Further, the FPIV-
like domain (residues 23-26) and residue 42 of the 
M protein of our isolate also showed no variations 
compared to those sequences from the velogenic 
strains we tested (Table 6). But our isolate showed 
variations at positions 257 (L→I) and 259 (R→E) 
compared to Colemen and Peeples sequences 
(Coleman & Peeples, 1993). Notably, characteristic 
changes were observed in our isolate compared to 
LaSota and B1 vaccine strains, with four substitu-
tions at 247, 257, 259, and 263 residues of the M 
protein (Table 6).  

 

Table 6. Sequences of the important domains of the M protein of NDVs reported around the world including those of the NDV from the 
current work. Isolates are represented by the nucleotide and protein GenBank accession numbers host name, country of isolation, and year 
of isolation. The isolate subject of the current study is shown in bold. 

Strains 
Genotype 

 (Dimitro et 
al.) 

NLS FPIV-like Do-
main 

Position 
42 

  (247-263) (23-26)  

     

Consensusa  KKGKKVTFD-
KIEEKIRR FPIV R 

MG017442/AXR95197/chicken/Iran/2011 VII.1.1 - - - 

MF417546/AWL30642/chicken/Iran/2011 VII.1.1 - - - 

JN400896/AEW24453/chicken/China/2011 VII.1.1 - - - 

KM885167/AJG05591/duck/China/2005 VII.1.1 - - - 

JF340367/AEM55585/goose/China/2002 VII.1.1 - - - 

KX765179/AQY45762/duck/China/2011 VII.1.1 - - - 

FJ872531/ABD67474/duck/China/2002 VII.1.1 - - - 

AF473851/AAN04253/goose/China VII.1.1 - - - 

KU295453/APC94000/chicken/Ukraine/2007 VII.1.1 - - - 
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Strains 
Genotype 

 (Dimitro et 
al.) 

NLS FPIV-like Do-
main 

Position 
42 

MH377251/AXE73845/chicken/Israel/2010 VII.1.1 - - - 

KP189357/AJV88397/mallard/Russia/2008 VII.1.1 - - - 

AB853927/BAO02660/chicken/Japan/1999 VII.1.1 - - - 

ky212126/ASF20100/chicken/Jordan/2004 VII.1.1 - - - 

MG871466/AWL80006/chicken/Iran/2017 VII.2 - - - 

HQ697254/AEV40791/chicken/Indonesia/2010 VII.2 KKGKKVTFDKIEG-
KIRR - - 

KT355595/AMD82622/Gallus_gallus/Malay-
sia/2013 VII.2 KKGKKVTFDKIEG-

KIRR - - 

KX268691/APY26421/parakeet/Pak/2015 VII.2 KKGKKVTFDKIEG-
KIRR - - 

MH614933/AXK59830/chicken/Jordan/2018 VII.2 - - - 

GQ338310/ADH10210/pigeon/China/44/2003 VII.1.2 - - - 
AF077761/AAC28373/chicken/USA/LaSota/19

46 II RKGKKVTFDKLEK-
KIRS - - 

JN872151/AEZ00927/chicken/USA/B1/1947 II RKGKKVTFDKLEK-
KIRS - - 

 
 
Multiple Alignments of the Fusion Protein 

At the fusion peptide region of the fusion protein, 
the two live attenuated vaccinal strains, i.e., ANW-
12438 and ANQ45239 commonly used in Iran, 
showed the greatest variations compared to our iso-
late (Table 2). At this region, the V→I substitution 
at either position of 121 or 125 was the most com-
mon variation observed between our isolate and the 
other strains reported from Iran. 

At the cleavage site, similar to the other velogenic 
strains tested, our isolate maintained the 112RRQ-
KRF117 sequence (Table2). This sequence is differ-
ent from that of the lentogenic vaccinal strains of 
ANW12438 and ANQ45239, which is 112GRQ-
GRL117. 

Consistent with the comparisons at the fusion pep-
tide region and cleavage site, the hypervariable 
region of the F protein in our isolate showed the 
highest variation to the two vaccinal strains 
(ANW12438 and ANQ45239) commonly used in 
Iran (Table 7). The amino acids at positions 11, 20, 
and 27 were the most variable residues in this region. 
The C →R substitution at position 27 was the most 
frequent variation observed in our isolate compared 
to VII.2 sequences reported from Iran and other 
countries (Table 7). 

The neutralizing epitopes at the F protein were 
highly conserved among the tested isolates (Table 7), 
andXX1.2 strain (QDE10569) was the only Iranian 
strain with amino acid substitution at position 78 
(K→R) compared to our isolate. 

Discussion 
ND is enzootic to many countries, and NDV is con-

stantly evolving, generating new genotypes (Miller et 
al., 2010). Vaccination is the gold standard measure 
in keeping ND under control. However, the occur-
rence of the disease in hosts previously infected, and 
hence deemed resistant, as well as in the vaccinated 
flocks, raises concerns on the possible emergence of 
strains that may cause another panzootic (Miller et al., 
2010; Miller et al., 2015). Further, it is known that the 
attenuated vaccine strains can gnomically recombine 
with the wild strain(s) to produce new genotypes pre-
viously absent in the area (Miller et al., 2015). 
Therefore, knowing the genomic structure of the 
strain(s) prevalent in a region is not only helpful in 
keeping the disease under control by choosing effec-
tive vaccine strain(s), but it also helps in keeping the 
virus reservoir low by minimizing the introduction of 
new strains into the region. 
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Genomic sequencing provides the highest geno-
typing resolution and helps identify the NDV strains 
prevalent in a region. Here, we present a 419 base 
long nucleotide sequence of the F gene and full ge-
nomic sequences of the loci coding for P and M 
proteins in an NDV isolated from the Northeast of 
Iran. Our sequencing data and the associated bioin-
formatics analyses confirmed the presence of the 
VII.1.1 strain in the region.  

Genomic studies have already shown NDVs un-
der genotype VII as the most important genotypes 
circulating in Asia (Yang et al., 1999; Mase et al., 
2002; Tsai et al., 2004; Lee et al., 2004; Miller et al., 
2010; Diel et al., 2012; Ebrahimi et al., 2012; Miller 
et al., 2015; Shohaimi et al., 2015; Dimitrov et al., 
2016; Liu et al., 2019; Almubarak, A. I., 2019; 
Xiang et al., 2020). Earlier studies based on the ge-
nomic variations at the cleavage site of the F gene 
indicated VII.1.1 as the prevalent sub-genotype in 
Iran (Ebrahimi et al., 2012; Hosseini et al., 2014; 
Kiani et al., 2016; Boroomand et al., 2016; Esmael-
izad et al., 2017; Alborz, I., 2018; Sabouri et al., 
2018; Goudarzi et al., 2019; Molouki et al., 2019; 
Beheshtian et al., 2020; Allahyari et al., 2020). Our 
analyses based on comparing the sequences of our 
isolate with those previously reported in Iran also 
verified the persistent presence of genotype VII.1.1 
from 2011-2019 in Iran. However, recent studies 
show that VII.1.1 is not a unique genotype in the re-
gion (Molouki et al., 2019), but genotypes/sub-
genotypes VI, VII.2, XIII.1.1, XIII.1.2, XX1.1, and 
XXI.2 are also reported from different parts of the 
country (Ebrahimi et al., 2012; Mayahi & Esmael-
izad, 2017; Jabbarifakhar et al., 2018; Dizaji et al., 
2020). Additionally, a study suggested that some 
evolutionary events in NDVs happen in Iran and In-
dian subcontinent countries (Ebrahimi et al., 2012). 

Phylogenetic analyses using partial sequencing of P, 
M, and F genes had previously suggested a close re-
lationship between some Iranian NDV isolates and 
those reported from Russia (AY865652) and Paki-
stan (JN682210) and India (Kianizadeh et al., 2002; 
Langeroudi et al., 2014; Ahmadi et al., 2016; Bo-
roomand et al., 2016; Rezaei Far et al., 2017). 
However, our analyses based on the hypervariable 
region of F and full P and M gene sequences, as well 

as some similar recent works (Ebrahimi et al., 2012; 
Langeroudi et al., 2014; Sabouri et al., 2018; 
Molouki et al., 2019), suggests that Iranian NDV iso-
lates are closest to Chinese VII.1.1 strains (Figures 2, 
3 and 4). In addition to the deepness of the genomic 
interrogations concerning the number of genes and 
the length of the genomic sequences used, the fact that 
these viruses have been isolated from different geo-
graphic locations within Iran may be a reason for 
differences in the genotypes reported from Iran.  

Residues 257 and 259, known as hypervariable 
residues of the M protein, were the same sequence in 
our  isolate and other VII.I.I strains previously re-
ported (Table 6). However, various changes, especi-
ally substitutions of basic amino acids (R and K), 
were observed in VII.2 and vaccinal strains com-
pared to our isolate. Further, our isolate showed 
variations at positions 257 and 259 compared to Col-
emen and Peeples sequences (Coleman & Peeples, 
1993); but, changes to the basic amino acids at these 
positions must not have an important effect on the 
nuclear localization efficiency of the virus (Coleman 
& Peeples, 1993). 

Two other critical clusters of basic amino acids at 
positions 250-251 and 262-263 of M protein and 
FPIV-like domain had completely conserved se-
quences in all tested genotypes. This propounds the 
view that M can also be considered a target for virus 
typing along with F gene analysis (Seal et al., 2000). 

LaSota and B1, the two vaccinal strains com-
monly used in Iran, are among the most deviated 
strains compared to our isolate (Tables 2 and 7). This 
may explain the reduced protections from the vac-
cination programs.  

Considering that exotic and backyard birds can act 
as a source of virus infection for industrial poultry 
flocks (Alexander, 2001; Derksen et al., 2018), iso-
lation of and studying NDVs (virulent or avirulent) 
present in exotic and backyard birds can also be ben-
eficial in rooting the source of the NDVs found in 
commercial flocks. In this context, it is essential to 
note that just two amino acid changes in the NDV 
cleavage site of F protein can convert an avirulent 
strain to a virulent one (Alexander, 2001; Derksen et 
al., 2018).  
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Table 7. The amino acid substitutions in hypervariable regions and neutralizing epitopes of F protein in the studied isolate and some other 
similar sequences submitted in GenBank. Isolates are represented by the nucleotide and protein GenBank accession numbers host name, 
country of isolation, and year of isolation. The isolate subject of the current study is shown in bold. 

 

Conclusion 
In conclusion, our work shows the presence of 

NDV VII.I.I genotype already prevalent in the Far 
East in Iran. Although the path for disseminating 
these viruses into the region is currently not obvious, 
this finding highlights the importance of biosecurity 
management in controlling ND. Further, our isolate 
and the other VII.I.I viruses reported in Iran are ge-
netically distant from the vaccine strains currently 
used in Iran. Hence, it is also important to have dy-
namic surveillance to catalog and continuously 
investigate the NDVs circulating in each region. This 
will enable authorities to administer effective and 
appropriate vaccination programs that will be of 

maximum effectiveness in preventing ND and mini-
mize the possibility of introducing a new strain(s) 
into the region . 
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کند. رخداد مکرر این بیماري  هاي مختلف پرندگان را در سرتاسر جهان آلوده می زایی است که گونه نیوکاسل از جمله عوامل بیماري ویروس  :  مطالعه   زمینه 
شمال شرق کشور از صنعت    ۀ هاي اخیر و در نقاط مختلف ایران، خسارات اقتصادي قابل توجهی را به صنعت طیور کشور وارد کرده است. منطق در سال 
   .  دارد بررسی مداوم بیماري نیوکاسل در این منطقه، اهمیت بالایی در کنترل بیماري    بنابراین اي بهداشت و پرورش طیور برخوردار است.  در زمینه   اي گسترده 

تکامل و حدت ویروس  هاي فسفوپروتئین و ماتریکس نیز در  اهمیت توالی ژن   علاوه بر آن،   کند. توالی ژن فیوژن، حدت ویروس نیوکاسل را تعیین می   : هدف 
اي از  جدایه   Mو    Pتوالی کامل ژن  ها در ایران بسیار محدود بوده است. در این راستا،  ارزیابی مولکولی این ژن تاکنون  رغم این اهمیت، ثابت شده است. علی 

 . ه قرار دادیم را مورد مطالع    2011بیماري در شمال شرق کشور در سال    ة گیري گسترد عامل همه   عنوان معرفی از به   ویروس 

، ترکیب  شد. همچنین همسانی   ارزیابی   هاي بیوانفورماتیکی با روش   پس از تکثیر و شناسایی، توالی نوکلئوتیدي و آمینواسیدي جدایۀ مورد مطالعه :  کار   روش 
 . فت هاي گزارش شده از ایران و جهان مورد مقایسه قرار گر و ارتباط فیلوژنتیکی این جدایه یا سایر سویه   آمینواسیدي 

،  فیلوژنتیکی  هاي  ررسی داد. ب گزارش شده از ایران و چین نشان می   VII.I.Iهاي با ژنوتیپ  سویۀ مورد مطالعه از نظر توالی، بیشترین شباهت را به سویه   : نتایج 
با این حال، این سویه فاصلۀ ژنتیکی  هاي کشور چین قرار داد.  شده از ایران و همچنین توالی گزارش   2019تا    2011هاي  هاي سال سویه را در کنار توالی این  

 . داد شده در جهان را نشان می هاي شناخته هاي واکسینال و دیگر ژنوتیپ بیشتري نسبت به سویه 

این    VII.I.Iژنوتیپ    ویروس نیوکاسل در ایران، تحت   ، هاي جدید رغم ظهور ژنوتیپ دهد که علی طور کلی، مطالعات ما نشان می به :  نهایی   گیري نتیجه 
هاي ویروس نیوکاسل در شمال شرق کشور، اهمیت مدیریت امنیت زیستی و  . علاوه بر این، شیوع پایدار ژنوتیپ است ویروس نیز همچنان در حال گسترش  

   . شود فعال بیماري در منطقه را یادآور می   ۀ مطالع 

 ماتریکس، ویروس نیوکاسل ، فسفوپروتئین،  جوجه، ژنوتیپ   : کلیدي   هاي واژه 

   : مسئول   گان نویسند 
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