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 Despite routine vaccination programs against Newcastle disease (ND), sporadic cases have 
occasionally occurred that remain a constant threat to commercial poultry.  Ten isolates of 
Newcastle disease viruses (NDV) from infected broiler chicken cases were obtained from 
various locations in Fars province during 2009-2011 and genetically analyzed using reverse 
transcription polymerase chain reaction (RT- PCR) with primers specific to the viral fusion (F) 
protein- gene. The viruses were confirmed as NDV by hemagglutination inhibition assay and 
RT- PCR. The isolates based on the sequence and phylogenetic analyses of partial F gene were 
genotypically analyzed by RT PCR.  In the present investigation, the pathogenicity of NDV 
strains was determined by internationally recognized test mean death time (MDT). Analysis 
based on F gene showed that characterized isolates possess three different types of protease 
cleavage site motifs and appear to show maximum identities with isolates in the region. The 
subsequent phylogenetic analysis was implemented using MEGA and the phylogenetic tree. The 
results of RT-PCR and MDT showed that 10 isolates were positive for NDV, (60% velogenic, 
30% mesogenic and 10% lentogenic). The results of the phylogenetic analysis showed that 10 
NDV isolates from Iran belong to the class II, genotype III viruses. This information is 
fundamental to improve the efficacy of controlling strategies and vaccine development for NDV. 

© 2014 Urmia University. All rights reserved. 
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 3132 – 3129سالهای  ویروس های بیماری نیوکاسل جدا شده از مرغداری های استان فارس در Fشناسایی فیلوژنی ژن 

 چکیده 

جدایه  دهمحسوب میشود.  یدی برای صنعت مرغداری علیرغم برنامه معمول واکسیناسیون علیه بیماری نیوکاسل، موارد پراکنده از بیماری درمرغداریهای صنعتی اتفاق می افتد که می تواند تهد

ارزیابی  RT - PCRتوسط تست  Fجداسازی گردید که با استفاده از پرایمرهای اختصاصی ژن  9811تا  9831ویروس نیوکاسل از مرغ های گوشتی بیمار از مناطق مختلف استان فارس در طول سالهای 

توسط  Fید قرار گرفتند. جدایه ها براساس توالی و تجزیه و تحلیل فیلوژنتیک بخشی از ژن أیبه عنوان ویروس نیوکاسل مورد ت RT-PCRشدند. این ویروسها توسط تستهای ممانعت از هماگلوتیناسیون و 

RT-PCR ی قرار گرفتند. در این مطالعه پاتوژنیسته ویروسهای نیوکاسل نیز از طریق تست پمورد بررسی ژنوتی(Mean Death Time) MDT .آنالیز ژن  مورد ارزیابی قرار گرفتF  جدایه ها نشان

و رسم درخت فیلوژنیک  MEGAز فیلوژنیک با استفاده از برنامه دهنده وجود سه قطعه متفاوت از ناحیه شکستگی ژن توسط پروتئاز بوده و بیشترین تشابه به جدایه های منطقه مورد مطالعه قرار داد. آنالی

(. نتایج آنالیز فیلوژنیک نیز یکلنتوژندرصد  91و  یکنمزوژدرصد  81، یکولوژندرصد  01کاسل بودند )جدایه ویروس عامل بیماری نیو 91ه نشان داد ک MDT, RT-PCRانجام شد. نتایج آزمونهای 

پیشگیری و  یی گسترش کارآیی برنامه هابرااطالعات بدست آمده محسوب می شود.   III پو ژنوتی Class IIجدایه ویروس عامل بیماری نیوکاسل جدا شده در رده ویروسهای  91نشان می دهد که 

 ساخت واکسن برای ویروس بیماری نیوکاسل اساسی می باشند. 

 ویروس بیماری نیوکاسل ،ن زمان مرگمیانگی ،Fژن  ،نالیز فیلوژنیآ :واژه های کلیدی
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Introduction 
 

Newcastle disease (ND) is an important disease of 
poultry as it is highly contagious and responsible for a high 
mortality in susceptible birds.1 It is caused by Newcastle 
disease virus (NDV), which belongs to the genus Avulavirus 
in the family of Paramyxoviridae.2 This disease can be 
characterized by fatal respiratory and neurological lesions 
that lead to great economic losses worldwide, including 
Iran.3 It is an endemic and sometimes epizootic disease in 
chickens.4 Vaccines consisting of either live or inactivated 
viruses have been developed and applied to minimize the 
impact of ND. However, the incidence of this disease 
remains high. Newcastle disease virus has approximately a 
15kb RNA genome encoding six proteins including nucleo-
protein (NP), phosphoprotein (P), matrix protein (M), 
fusion protein (F), hemagglutinin-neuraminidase (HN), and 
large protein (L), respectively.2,5 Among them, F protein is 
regarded as an important pathogenic marker of NDV.6 In 
virus classification according to the in vivo pathogenicity 
test parameters the Mean Death Time (MDT) in specific 
pathogen free (SPF) chicken embryos and NDV can be put 
in to highly pathogenic (velogenic), intermediate (meso-
genic), or apathogenic (lentogenic) categories.7,8  

Using reverse transcriptase polymerase chain reaction 
(RT-PCR) followed by direct sequencing and analysis of 
the fusion protein gene cleavage site, has been performed 
for NDV research and surveillance.9-12 The F gene was 
chosen for sequencing because this gene is a major 
determinant of virulence and NDV isolates are grouped 
into genotypes based on the sequences of this gene.13 The 
NDV particles contain a glycoprotein precursor, F0, 
consisting of 553 amino acids, which has to be cleaved to 
F1 and F2 polypeptides that are disulphide linked by 
proteases in host cells, allowing the virus particles to 
become infectious.10 Thus, analyzing the sequence of the F 
protein cleavage site can aid in pathogenicity prediction 
and diagnosis of NDV virulence.14 NDV with at least three 
arginine or lysine residues within the residues 113-116 at 
the C-terminus of F2 protein and a Phenylalanine at 
residue 117 at the N-terminus of the F1 protein are 
considered as a virulent strain.15 Phylogenetic analysis of 
NDV is a powerful mean for investigating epidemiological 
relationships among the NDV isolates present in various 
parts of the world. Thus, in this study 10 isolates of NDV 
were collected from broiler chicken farms in Fars 
province, Iran. In this study, the isolates were geno-
typically analyzed using RT-PCR with specific primers to 
viral F gene (535 bp) and the obtained sequences were 
compared to the previously published sequences. 

 
Materials and Methods 
 

Viruses. In the present study, we determined the F gene 
sequences of 10 NDV strains isolated from outbreaks in 
 

 broiler chicken farms in Fars province, Iran. The infected 
chickens showed severe neurological and/or respiratory 
symptoms. The viruses were confirmed as NDV by 
hemagglutination inhibition assay using standard NDV 
serum. Initial isolation of the viruses was performed on 
10-day-old SPF embryonated chicken eggs (ECE).14 
Serological identification was confirmed by RT-PCR with 
specific primers.16 Positive samples were kept at –70 ˚C 
until further use. 

Biologic pathotyping. The virulence level of each 
isolate was initially measured by MDT of chicken embryos 
and RT-PCR.7 

Preparation of viral RNA. Collected viruses, from the 
allantoic fluid (150 µL) of SPF embryonated chicken eggs 
inoculated with the NDV, were used as the source of viral 
RNA. The RNA extraction was performed using VeTeKTM 
viral gene spin kit (Intron Biotechnology Inc., Seongnam, 
Korea), according to the manufacturer ̓s recommended 
protocol. The viral RNA was resuspended in DNase/RNase 
free water and stored at –70 ˚C until use. 

Reverse transcription-polymerase chain reaction. 
For genotypically analyzing of the virus isolates, one-step 
RT-PCR using pre mix kit (INtRON Biotechnology Inc., 
Seongnam, Korea) was performed. The PCR amplification 
and sequencing were performed using degenerative 
primers (Forward Primer: 5´-ATGGGC(C/T)CCAGA(C/T) 
CTTCTA-3´; and Reverse Primer: 5´-CTGCCACTGCTAGTT 
GTGATAATCC-3´) specific to fusion (F) protein gene.17 The 
primers generated an expected amplicon size of 535 bp 
(nucleotide 47-535) fragment spanning the regions 
between nucleotides 47 and 581 of the fusion protein, 
including the F0 cleavage site standard. RT-PCR was 
carried out in 8 µL reaction mixture using Vetek viral gene-
spin Viral DNA/RNA Extraction Kit (Intron Biotechnology 
Inc., Seongnam, Korea) containing (dNTP, enzyme mix, 
reaction buffer and  stabilizing buffer), 1 µL from each 
forward and reverse primer (25 µM), 2 µL of  template 
RNA, 0.25 RNase inhibitor and 8 µL of  RNase free water 
was added to make a reaction volume of 20 µL.18 The 
cycling parameters for PCR reaction were 48 ˚C for 45 min 
at reverse transcription (RT), and 35 cycles of 94 ˚C  for 2 
min, 56 ˚C for 2 min, and 72 ˚C for 1 min, followed by 72 ˚C 
for 10 min.19 The amplicons were separated in 1.5% 
agarose gel electrophoresis and visualized under ultra-
violet light after being stained with ethidium bromide.19 

Purification and sequencing of PCR products. The 
PCR products were purified by high pure PCR product 
purification kit (Roche, Mannheim, Germany) following 
the manufacturer ̓s instructions. Sequencing was 
performed by CinaGene Company in Tehran, Iran. 

Sequence alignment and phylogenetic analysis. The 
nucleotide sequence of the NDV isolates, based on a 
portion of the F gene cleavage site, was processed by 
BioEdit software (Version 7.0; Isis Pharmaceuticals, 
Carlsbad, USA) and Clustal W multiple alignment method, 
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the subsequent phylogenetic analysis was implemented 
using MEGA software (Version 4.0; Biodesign Institute, 
Tempe, USA). The phylogenetic tree was constructed of the 
representative strains from each genotype and different 
geographical areas were retrieved from GenBank. 
 
Results 

 
The MDT evaluation. The MDT values of these 

isolates ranged from 36 to more than 90 hr, therefore, the 
isolates were shown that we have all three pathotypes 
among isolated viruses. The phylogenetic analysis placed 
10 NDV isolates from Iran during 2009 to 2011 comparing 
the nucleotide sequences with JX131351, JQ344320, 
AB070396, DQ074638, EU049546, DQ439947, AJ249516, 
AF532752, EF565070, U22290, U22292, U22273, U13967, 
AF139159, AF139150, AF139133, DQ455008 and 
EU518685 isolates that have been published in GenBank. 
The RT-PCR amplified the desirable fragment of F gene of 
Newcastle viruses, and then amplified products were 
sequenced. All the viruses, evaluated by RT-PCR followed 
with nucleotide sequencing, contained a virulent fusion 
protein cleavage site represented by the motifs 
112RRQKRF117 and 112GRQGRL117. 

Phylogenetic analysis. The results of the phylogenetic 
analysis showed that 10 NDV isolates from Iran in 2009 to 
2011 were belonged to the class II, genotype III, (Table 1). 

Phylogenetic relationships of the F protein of isolated 
Newcastle disease viruses isolated in Iran compared to 
other NDV sequences in GenBank. Phylogenetic tree was 
generated by MEGA (neighbor-joining analysis method). 
Numbers below branches indicate boot-strap values from 
1000 replicates. Analysis was based on nucleotides 47-
435, (Fig. 1). In fact, six out of 10 isolates were velogenic  
(< 60 hr), three out of 10 isolates were mesogenic (60 to  
90 hr) and 1 of them was lentogenic (> 90 hr) according to 
the definition by OIE. Likewise, nine out of 10 viral isolates, 
evaluated by RT-PCR followed with nucleotide sequencing, 
contained a virulent fusion protein cleavage site re-
presented by the motifs 112RRQKRF117 and 112GRQGRL117.  

The results of RT-PCR and MDT showed that 10 
isolates were positive for NDV, (60% velogenic, 30% 
mesogenic and 10% lentogenic). 

 
 

 Discussion 
 

In the present investigation the molecular 
characterization and phylogenetic analysis of NDVs 
isolated from recent outbreaks (2009 to 2011) in Fars 
province, Iran are shown. Newcastle disease is considered 
as the most important infection in the Asian countries 
including Iran that leads to substantial production losses. 
Traditionally, the pathogenicity of any new NDV isolate 
has been assessed by biologic methods such as MDT.7,20In 
this study, the F protein of 10 Iranian isolates revealed 98 
to 100% homology for nucleotide and amino acid with 
class II, genotype III ND viruses. No insertion or deletions 
were found on these sequences. Sequence analysis of the F 
protein cleavage site can be used to predict potential 
pathogenicity of NDV which is consistent with the 
conventional methods such as mean death time.10 Low 
pathogenic viruses can only be cleaved by trypsin like 
proteases, secreted in the respiratory and intestinal tract, 
causing localized infection. In contrast the virulence of 
NDV is known to be associated with different amino acid 
sequence surrounding the post-translational cleavage site 
of the F0 protein, which is needed to be cleaved by the host 
cell proteases for  induction of  infection and not 
dependent upon trypsin for cleavage, but can be cleaved 
by furin which recognizes the multibasic cleavage site.13 

Most viruses that are virulent for chickens have the amino 
acid sequence 112-R/KR-Q-K/R-R-116 at the C-terminus 
of the F2 protein and F (phenylalanine) at residue 117, the 
N-terminus of the F1 protein. In contrast, viruses of low 
virulence have sequences in the same region of 112-G/E-
K/R-Q-G/E-R-116 and L (leucine) at residue 117 according 
to the definition of OIE.14 Characterization of the cleavage 
site is important because it is directly related to the 
virulence of NDV strains. Nowadays, molecular methods 
based on RT-PCR, nucleotide sequencing, and prediction 
of the amino acid sequence at the F protein cleavage site 
are used to determine the virulence of new isolates and for 
phylogenetic studies.9,11,16,21,22 The results of the present 
study showed that six of the Fars province isolates carried 
the 112PRQKRF117 motif and four of isolates carried 
112GRQGRL117 motif which were assigned as velogenic and 
lentogenic motifs, respectively. Based on the phylogenetic  
 Table 1. List of 10 NDV virus isolates collected in Fars province between 2009 and 2011 and their deduced amino acid sequence at the 

cleavage site. 

No. Isolate Virulence F protein cleavage site Genotype 

1 NDV/chicken/Fars/1/2009 Mesogenic 112GRQGRL117 III 
2 NDV/chicken/Fars/2/2009 Velogenic 112RRQKRF117 III 
3 NDV/chicken/Fars/3/2010 Velogenic 112RRQKRF117 III 
4 NDV1/chicken/Fars/4/2010 Velogenic 112RRQKRF117 III 
5 NDV/chicken/Fars/5/2010 Velogenic 112RRQKRF117 III 
6 NDV/chicken/Fars/6/2010 Velogenic 112RRQKRF117 III 
7 NDV/chicken/Fars/7/2009 Velogenic 112RRQKRF117 III 
8 NDV/chicken/Fars/8/2011 Mesogenic 112GRQGRL117 III 
9 NDV/chicken/Fars/9/2011 Mesogenic 112GRQGRL117 III 
10 NDV/chicken/Fars/10/2011 Lentogenic 112GRQGRL117 III 
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analysis, it can be postulated that four isolates were similar 
lasota vaccine strain that used in chicken farms in Fars 
province. Phylogenetic analyses not only can be applied to 
pathotype prediction of NDV isolates, but also may be used 
to determine viral origins.11 The phylogenetic analysis 
demonstrated that NDV isolates in this study were 
categorized in two groups corresponding to the different 
genotypes, group II include genotypes I, II and III (Fig. 1). 
Based on our phylogenetic analysis, it could be postulated 
that 10 isolates were similar to JX131351, AJ249516 strains. 

 On the basis of nucleotide sequence analysis, isolates 
from Fars province seem to show maximum similarity 
with the isolates in the local area such as NDV/ 
chicken/Iran-Tehran/2010, NDV/chicken/Iran-Mashhad/ 
2011 and NDV/rooster/India/2000. Our results specified 
that there are velogenic NDVs circulating in Fars commercial 
flocks and causing outbreaks in poultry industry. Phylo-
genetically, the similarity of NDVs of our study with other 
Iranian strains indicated that the new strains of NDV are 
present in Iran, and these isolates have being continued  

 
NDV/chicken/Fars/3/2010-2011 

gi|380854631|gb|JQ344320.1| 

NDV/chicken/Fars/7/2009-2011 

NDV1/chicken/Fars/4/2010-2011 

NDV/chicken/Fars/5/2010-2011 

NDV/chicken/Fars/6/2010-2011 

gi|407971501|gb|JX131351.1| 

NDV/chicken/Fars/2/2009-2009 

gi|68303956|gb|DQ074638.1| 
 gi|18700348|dbj|AB070396.1| 

 gi|155241811|gb|EU049546.1| 

 gi|22758946|gb|AF532752.1| 

 gi|90568726|gb|DQ439947.1| 

  gi|6688844|emb|AJ249516.1| 

     NDV/chicken/Fars/1/2009-2009 

     NDV/chicken/Fars/10/2011-2011 

     NDV/chicken/Fars/8/2011-2011 

     NDV/chicken/Fars/9/2011-2011 

gi|187711138|gb|EU518685.1| 

                  gi|156707776|gb|EF565070.1| 

                                                                            gi|974525|gb|U22290.1|NDU22290  

                                                                               gi|974474|gb|U22273.1|NDU22273 

                                                                               gi|974531|gb|U22292.1|NDU22292 

                                                                               gi|563183|gb|U13967.1|NDU13967 

                                                                               gi|91980281|gb|DQ455008.1| 

                         gi|7672393|gb|AF139150.1|    

                                     gi|7672359|gb|AF139133.1| 

                               gi|7672411|gb|AF139159.1| 

 

 

 

 

 

III 

II 

I 

Fig. 1. Phylogenetic relationship among 10 NDV isolates on the basis of F gene nucleotide sequences between position 47 and 435. 
Sequences were obtained either from the present study or GenBank. The phylogenetic tree was constructed by joining method on MEGA.  
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to circulate among commercial flocks consequently and 
threaten the poultry industry of Iran. Our results showed 
that it is possible that NDV strains isolated from Fars 
province could represent the strains circulating in the 
chicken population in other province in Iran. However, 
determination of the complete genome sequences of Fars 
province is necessary to understand the genetic related-
ness among NDV strains circulating in different parts of 
the Iran.  

Although the close genetic relatedness of NDV strains 
isolated in 2009, 2010 and 2011 in another province in 
Iran suggest that these strains are endemic in the chicken 
farms in this province. On the other hand, NDV vaccine 
used in the broiler chicken farms may not be very effective 
in stopping viral shedding, which will allow unnoticed 
circulation of the virulent virus in the vaccinated chicken 
until development of an outbreak.  

 
References  
 
1. Mohamed MHA, Kumar S, Paldourai A, et al. Sequence 

analysis of fusion protein gene of Newcastle disease 
virus isolated from outbreaks in Egypt during 2006. 
Virol J 2011; 8(1): 237. 

2. Mayo MA. Virus taxonomy-Houston 2002. Arch Virol 
2002; 147: 1071-1076. 

3. Roussan DA, Haddad R, Khawaldeh G. Molecular 
survey of avian respiratory pathogens in commercial 
broiler chicken flocks with respiratory disease in 
Jordan. Poult Sci 2008; 87:444-448. 

4. Hadipour MM, Habibi GH, Golchin P, et al. The role of 
avian influenza, Newcastle disease and infections 
bronchitis viruses during the respiratory disease 
outbreak in commercial broiler farms of Iran. Int J 
Anim. Vet Adv 2011; 3(2): 62-72. 

5. de Leeuw OS, Peeters BP. Complete nucleotide 
sequence of Newcastle disease virus: Evidence for the 
existence of a new genus with in the subfamily 
paramyxovirinae. J Gen Virol 1999; 80: 131-136. 

6. Rott R, Klenk HD. Molecular basis of infectivity and 
pathogenicity of Newcastle disease virus. In: Newcastle 
disease Alexander DJ (Eds.). Boston, USA: Kluwer 
Academic Publishers 1988; 98-112. 

7. Alexander DJ, Morris HT, Pollitt WJ, et al. Newcastle 
disease outbreaks in domestic fowl and turkeys in 
Great Britain during 1997. Vet Rec 1998; 143: 209-212. 

8. Baratchi S, Ghorashi SA, Hosseini M, et al. 
Differentiation of virulent and non-virulent Newcastle 
disease virus isolates using RT-PCR. I J Biotech 2006; 
4(1): 61-63. 

9. Marin MC, Villages P, Bennett JD, et al. Virus 
characterization and sequence of the fusion protein 
gene cleavage site of recent Newcastle disease virus 
field isolates from the southeastern United States and 
Puerto Rice. Avian Dis 1996; 40: 382-390. 

 10. Panda A, Huang Z, Elankumaran S, et al. Role of fusion 
protein cleavage site in the virulence of Newcastle 
disease virus. Microb Pathog 2004; 36: 1-10. 

11. Seal BS, King DJ, Bennett JD. Characterization of 
Newcastle disease virus isolates by reverse 
transcription PCR coupled to direct nucleotide 
sequencing and development of sequence database for 
pathotype prediction and molecular epidemiological 
analysis. J Clin Microbiol 1995; 33: 2624-2630. 

12. Zeng J, Fournier P, schirrmacher V. High cell surface 
expression of Newcastle disease virus proteins via F 
and fusion promotion activity of HN molecules. Int 
Oncol 2004; 25: 293-302. 

13. Nuansrichay B, Chashing A. Phylogenetic 
characterization of Newcastle disease viruses isolated 
in Thailand during 2006-2007. Thailand national 
institute of animal health e-Journal 2008; 3(2): 179-188.  

14. Manual of diagnostic tests and vaccines for terrestrial 
animals. Office International des Epizooties (OIE) 
2012; Newcastle disease. Chapter 2.3.14, 1-19. 

15. Collins MS, Strong I, Alexander DJ. Evolution of the 
molecular basis of pathogenicity of the variant 
Newcastle disease viruses termed pigeon PMV-1 
viruses. Arch Virol 1994; 134: 403-411. 

16. Newcastle disease. In: OIE manual of diagnostic tests 
and vaccines for terrestrial animals. World 
Organization for Animal Health (OIE) 2012; Chapter 
2.3.14, 1- 19. 

17. Liang R, Cao DJ, Li JQ, et al. Newcastle disease 
outbreaks in western china were caused by the 
genotypes VIIa and VIII. Vet Microbiol 2002; 87: 
193-203. 

18. Lee MS, Chang PC, Shien JH, et al. Identification and 
subtyping of avian influenza viruses by reverse 
transcription-PCR. J Virol Method 2001; 97:13-22. 

19. Berhanu A, Ideris A, Omar AR, et al. Molecular 
characterization of partial fusion gene and C-terminus 
extension length of hemagglutinin-neuraminidase gene 
of recently isolated Newcastle disease virus isolates in 
Malaysia. Virol J 2010; 7(1): 183. 

20. Alexander DJ. Gordon Memorial Lecture. Newcastle 
disease. Br Poult Sci 2001; 42: 5-22. 

21. Seal BS. Nucleotide and predicted amino acid sequence 
analysis of the fusion protein and hemagglutinin-
neuraminidase protein genes among Newcastle 
disease virus isolates: Phylogenetic relationships 
among the Paramyxovirinae based on attachment 
glycoprotein sequences. Funct Integr Genomics 2004; 
4:246-257. 

22. Seal BS, Wise MG, Pedersen JC, et al. Genomic 
sequences of low-virulence avian paramyxovirus-1 
(Newcastle disease virus) isolates obtained from live-
bird markets in North America not related to 
commonly utilized commercial vaccine strains. Vet 
Microbiol 2005; 106:7-16. 




