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ABSTRACT
Newcastle disease virus (NDV) is one of the most prominent, dangerous, and
transmittable viral diseases in birds. Nucleocapsid protein plays an important role in
the duplication and assembly of viruses. It also has an antigenic role. In this study, we
attempted to molecular characterization of the complete coding sequence of
nucleocapsid gene of the novel highly pathogen subgenotype VIIj (VII.1.1) isolates in
Iran. For amplification and sequencing of NP complete coding sequence, three
forward and two reverse degenerated primers were designed. After RT-PCR followed
sequencing, the nucleotide sequences were compared to all other 120 sequences
registered in the GenBank. Two novel amino acid substitutions I403→V and
N432→G were identified in this subgenotype among all of NP sequences from two
classes and eighteen genotypes of ND Viruses available in DATA bases. These new
highly pathogen isolates of Iran located in distinct groups closely related to
subgenotype VIId with more than three percent divergence. Two other unique amino
acid substitutions T426→A and P464→S were identified compare to subgenotype
VIId. New profiles in B-cell and T-cell epitopes were observed in the NP protein of
NDV-VIIj. It seems that in addition to known virulence factors, these amino acid
substitutions in NP protein during virus evolution might be one of the reasons for
increasing the virulence of new isolates or vaccine inefficiency.
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Introduction
Newcastle disease (ND) is one of the most frequent and
contagious diseases among poultry; causing significant
economic loss and damage to the poultry industry. It also
infects a wide range of domestic and wild birds. Newcastle
disease virus (NDV) belongs to the Paramyxoviridae family.
This virus has a negative sense and enveloped RNA. It is also
single-stranded and non-segmented. The NDV genome
encodes six structural polypeptides: nucleoprotein (NP),
phosphoprotein (P), matrix protein (M), fusion protein (F),
hemagglutinin–neuraminidase (HN), and RNA-dependent
RNA polymerase (L). In addition, the P gene generates the V
and W proteins via an RNA-editing mechanism (Kim et al.
2007; Farooq et al., 2014).
NDVs classified into two major divisions represented by
class I and class II based on phosphoprotein and categorized
into 18 genotypes (I to XVIII) due to polymorphisms on the
Fusion gene (Silva et al., 2014). On the other hand, three
pathotypes: lentogenic, mesogenic, and velogenic were
observed in ND Viruses (Farooq et al., 2014). The NP protein

epitope, NP, VIIj

is the most abundant protein in the virus particles, which
together with the genomic RNA provides the core helical
nucleocapsid structure of NDV. The NP primarily regulates
RNA transcription, replication, and assembly (Curran et al.,
1993; Myers & Moyer, 1997; Myers et al., 1999). Mebatsion
et al. (2002) identified that an immune-dominant epitope on
NP can be replaced or deleted by a foreign epitope. Mutationpermissive region identification on NP gene provides a
potential approach to insert protective epitopes. This may be
explored as a target to design NDV vaccines (Mebatsion et al.,
2002). Latest studies have reported that the NP of NDV is an
important antigen in serologic assays because of its highly
conserved sequences and high immunogenicity (Courtney et
al., 2012). As well Newcastle disease virus NP and P proteins
induce autophagy via the endoplasmic reticulum stress-related
unfolded protein response to facilitate their own replication
(Cheng et al., 2016). Also, nucleocapsid (NP) and phospho(P) proteins of paramyxoviruses are involved in the
transcription and replication of the viral genome (Kho et al.,
2004). Apart from genomic RNA encapsidation which
requires the interactions between NP–NP itself and NP-RNA,
the NP protein must also interact speciﬁcally with the P and L
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proteins to form the ribonucleoprotein complex (RNP), which
serves as a template for RNA synthesis (Lamb & Kolakofsky,
1996). Based on the key roles of NP protein in replication and
transcription of a virus, in this study, we attempted to analyze
the sequence and structure of NP protein of novel highly
pathogen NDV isolates from Iran.

Materials and Methods
Isolation and pathogenicity assessment of NDV
Thirteen samples from infected farms of three provinces
(Mazandaran, Shiraz, and Isfahan) from the north, south, and
center regions of Iran from 2015 to 2016 were collected. The
lung, brain, and spleen tissues were isolated in sterile
conditions from infected chickens. NDV positive samples
were confirmed by the standard protocol of haemagglutination
and the haemagglutination inhibition tests (Alexander &
Chettle. 1977).
Mean Death Time assay was done as follows: Serial
dilution of NDV-infected allantoic fluid in PBS buffer was
prepared. 0.1 ml of each dilution was inoculated into five, 9day-old SPF eggs and incubated at 37°C. The candling of eggs
was done twice daily for 6-day and observations on the death
of embryos were recorded. The mean lethal dose (MLD) was
recorded by identification of the highest dilution at which all
embryos died and the Mean Death Time (MDT) was measured
as the average time at which the embryonated eggs inoculated
with MLD were died (Beard & Hanson, 1984).
ICPI assay: The Intracerebral Pathogenicity Index (ICPI)
was determined by using standard protocols by inoculating
0.05 ml of a 1:10 dilution of infective allantoic fluid in isotonic
sterile saline into the brain of 10 Specific Pathogen Free (SPF)
chickens with 1-day-old age (Alexander, 2003b, OIE & World
Organization for Animal Health, 2012).
RNA extraction, RT-PCR and sequencing
Five degenerated primers were designed based on
consensus sequences of the most published complete genome
sequences of class I and II viruses in NCBI. Total RNA was
extracted from allantoic fluid according to the instructions of
the RNA isolation kit. cDNA was synthesized from total RNA
in the total volume of 20 µl containing 2 µl of dNTPs (Roche
Diagnostic, Germany): 4 µl of 5x reaction buffer (Thermo
Fisher Scientific Inc., USA), 2µl of random primers, 1 µl of
M-MuLV enzyme (Thermo Fisher Scientific Inc., USA), 1µl
of RNase inhibitor (Roche Diagnostic, Germany), 5 µl of the
viral RNA template, and up to 20 µl of DEPC-water. The
reaction was carried out at 25 °C for 10 minutes, followed by
42°C for 60 minutes, and another 70°C for 10 minutes.
Polymerase chain reaction was carried out with specific
oligonucleotide primers. The complete NP coding sequence
was amplified at 95°C for 4 minutes, followed by 35 cycles of
93°C for 1 minute, 52°C for 30 seconds, and 72°C for 1:55
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minute with a final extension at 72°C for 1 minute. The 50 µl
total reaction mixture contained 5 µl of 10x reaction buffer
(CinnaGen Co., Iran), 1 µl of dNTPs (CinnaGen Co., Iran), 1.5
mM MgCl2 (CinnaGen Co., Iran), 1.5 units of Pfu DNA
polymerase (CinnaGen Co., Iran), 10 pmol of each primer, 2
µl of cDNA, and up to 50 µl of ddH2O. The PCR products were
then puriﬁed using a high pure PCR product Puriﬁcation Kit
(Roche Diagnostic, Germany) according to the manufacturer’s
instructions. The puriﬁed PCR products were sequenced in
both directions using forward and reverse primers by the
Sanger method (Table 1).
Table 1. Degenerated Primer sequences which were used
for amplification of complete NP gene.
Primer
5’– 3’ sequence
NPF1
5’-cgggtcgacacccttctRccRRYatgtcNtc-3’
NPR1
5’-aatgcggccgccYgtcHg tYtcYttNtctMg-3’
NPF2
5’-agggaaccttctaccgRtatg-3’
NPF3
5’- ttcatcctgtMtgcaggagtg-3’
NPR2
5’-gacggtctcagctgatttgc-3’
Bioinformatic studies
327 NDV isolates nucleotide and amino acid sequences of
the NP protein available until the 01/01/2019 in GenBank were
analyzed. A pattern of NP protein in new subgenotype VIIj
was compared to all sequences in GenBank by Basic Local
Alignment Search Tool. One hundred twenty nonredundant
sequences from different subgenotype VII were selected. The
Clustal V method was used for multiple alignments and
designing phylogeny tree and distance matrices by
MegAlign5.00 DNASTAR Inc software.
Epitope prediction
The B-cell and T-cell epitopes of NP protein from VIId and
VIIj subgenotypes were predicted by using Immune Epitope
Database and analysis Resource (http://www.iedb.org/).
MHCII epitopes was predicted by IEDB recommended
2.22 and MHCI epitopes were predicted by NetMHCpan EL
4.0 High Score = good binders methods respectively. The BCell epitopes was predicted by Kolaskar & Tongaonkar
Antigenicity method.
Analysis of two and three dimentional structures of NP
protein
I-TASSER server (Iterative Threading ASSEmbly
Refinement) was used to prediction of 3D structure of NP
protein in two subgenotypes (VIId and VIIj). A hierarchical
approach to protein structure and function prediction was done
by I-TASSER. It first identifies structural templates from the
PDB by multiple threading approach LOMETS, with fulllength atomic models constructed by iterative template-based
fragment assembly simulations. In other hand, POLYVIEW
2D and Protein Homology/analogY Recognition Engine V 2.0
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(PHYRE2) softwares were used for analysis of two
dimentional structure of NP protein. Protein-Protein and
Protein-Polynucelotide Binding Sites in NP protein predicted
by using www.predictprotein.org

Results
The Mean Death Time (MDT) was estimated between 48
(in Isfahan isolate) to 72 hours (in Mazandaran and Shiraz
isolates) based on inoculation of ND viruses in 10-Days SPF
eggs followed incubation at 37°C.
The phylogenetic relationships of three Isfahan,
Mazandaran, and Shiraz isolates with other members of NDV
available in the GenBank were obtained by comparing the
nucleotide sequences of the complete coding region of the NP
gene. The resulting phylogenetic tree is depicted in Figure 1.
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It was apparent that the NDV isolates under this study
belong to class II, and genotype VII, derived from VIId with 3
to 4.2 percent divergence.
Based on the criteria for NDV genotyping, a comparison
of the protein sequences among these NDV isolates and
selected reference strains from different subgenotype VII was
done. In the present study, we analyzed the NP amino acid
sequence of 327 NDV isolates (available on GenBank
09/02/2016). However, it showed more than 7% divergence
among genotype VII in NP protein (Figure 1 and Table 2).

Table 2. Comparing the percentage of identity and
divergence of Iran’s NDV-VIIj among subgenotype VIId and
VIIe.

Figure 1. Phylogenetic relationship of members of
subgenotype VII of NDV (class II) based on the nucleotide
sequence of the NP gene. Phylogenetic tree was constructed
by the MegAlign software from DNAstar package with the
Clustal V method. The isolate sequenced in this study is
signiﬁed with a red color.

The results demonstrated that Iranian subgenotype VIIj
isolates have the highest percentage of similarity to genotypes
VIId and VIIe (Figure 1) which confirms by the results
observed in our previous study based on the polymorphism in
fusion gene (Esmaelizad et al., 2016).

Figure 2. Comparison of amino acid sequences of Iranian isolates among available sequences of NDV subgenotype VIId. The
amino acid substitutions in Iranian NDV-VIIJ are marked in red.
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Figure 3. Secondary structure of NP protein of VIIj and VIId subgenotypes which was predicted of by PHYRE2 software.

Table 3. Up: 20 MHCII epitopes which were predicted by
IEDB software in polymorphic region of NP protein
including four novel amino acid substitutions.
Down: 11 Predicted MHCI epitopes in NP protein based on
HLA-A*02.01 allele. Unique amino acid substitutions were
indicated by red color.
The New Iranian isolates VIIj were located in a distinct
group in the genotype VII branch, closely related to
subgenotype VIId based on the nucleotide sequence of the NP
gene (Figure 1). More than three percent divergence was

observed between NP protein sequences of VIIj and others
subgenotype VII (Table 1).
The multiple alignments of NP protein of class I and class
II (genotypes I-XVIII) NDV viruses confirmed the first report
of two novel amino acid substitutions (G432, V403) compare
to all NDV genotypes and two unique amino acid substitution
T426→A and P464→S compare to genotype VIId in
nucleocapside protein of Iranian NDV-VIIj (Behshahr, Shiraz
and Isfahan isolates). A BLAST search among all the NDV
amino acid sequences (available on GenBank 01/01/2019) also
verified the novelty of our results by using the Basic Local
Alignment Search Tool. Four unique amino acid substitutions
(I403→V and N432→G, T426→A and P464→S) were observed in
new subgenotype VIIj (Figure 2).
NP protein of VIIj isolates showed maximum identity
(98%) with subgenotype VIId. Minimum identity (77%) was
identified with avian paramyxovirus APMV-16 circulated in
Kazakhstan (AWU68194).
Twenty MHCII and eleven MHCI epitopes in polymorphic
regions of NP protein were predicted by using
http://www.iedb.org/ (Table 3).
Fundamentally changes were identified in 2D structures of
np protein of new subgenotype VIIj compare to VIId
subgenotype between residues 400 to 470 (Figure 3).
Different major changes were identified in pattern of
protein binding sites in four regions of np protein VIIj compare
to VIId subgenotype. Three changes in region number one,
between resides 116 to 160, one change in region number two,
between residues 203 to 232, three changes in region number
three, between residues 290 to 319 and seven changes in
protein binding sites region number four, between residues 406
to 489 were observed in np protein of new subgenotype VIIj
(Figure 4).

Figure 4. Predicted Protein-Protein and ProteinPolynucelotide Binding Sites for NP protein. Yellow:
polynucleotide binding region, Red: protein binding region.
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Comparative analysis of 3D structure of NP protein of VIIj
and VIId was done by I-TASSAR and YASARA view
softwares. The spatial position of the four unique amino acids
I403→V, N432→G, T426→A and P464→S in predicted three
dimentional structure of np protein was different in new
subgenotype VIIj (Figure 5).

Figure 5. Three dimension structure of nucleocapsid protein
in sub genotypes VIId (Left) and VIIj (Right) which was
predicted by I-TASSAR online server.

Discussion
Newcastle disease is one of the most prevalent viral
infections of poultry in Iran. It could indeed cause substantial
economic damage to the poultry industry and threaten its
sufficient supply to the market. NDV is a group of diverse and
continuously evolving genotypes that are classiﬁed into two
major classes on the basis of nucleotide sequences of the
fusion (F) protein gene (Ballagi-Pordany et al., 1996; Kim et
al., 2007). Currently, NDV viruses of class II, genotypes V,
VI, VII, and VIII are the most predominant genotypes and are
causing disease outbreaks worldwide. Among these, genotype
VI viruses emerged in 1960 and remained as the most
predominant viruses in Asia until 1985 (Mayahi &
Esmaelizad, 2017). Subsequently, genotype VII became more
prevalent in this region, which is further divided into eight subgenotypes (VIIa–VIIh). Of course, it has been additionally
reported to a VIIL (Jin et al., 2016) case that it belongs to VIIJ
of Iran (Esmaelizad et al., 2016) based on nucleotide alignment
of fusion protein gene.
Newcastle disease virus has undergone changes through
evolutionary processes for better adaptation to environments
and hosts. During intelligent changes, new isolates with new
phenotypes to be formed. Novel VIIj isolates in Iran during
2015-2016 driven from VIId subgenotype (Esmaelizad et al.,
2016). Our previous studies demonstrated more than 3 percent
divergence in Fusion and HN proteins in new isolates compare
to VIId (Esmaelizad et al., 2016; Mayahi & Esmaelizad, 2017).

2021, 10(1): 35-40

In this new subgenotype novel neutralization epitope in HN
protein was observed (Mayahi & Esmaelizad, 2017). The
current study demonstrated four unique amino acids (I 403→V,
N432→G, T426→A, and P464→S) in NP protein. Bioinformatics
study of NP protein showed major differences in the secondary
and tertiary structure of VIIj compare to VIId subgenotypes
(Figure 3, 4). These unique patterns in NP protein confirmed
the novelty and being a new subgenotype (registered as a VIIj)
in Iran, also epitope prediction visualized fundamental change
in MHCI and MHCII epitopes between two subgenotypes
(Table 3, Figure 4).
The bioinformatic analysis demonstrated a novel pattern in
protein binding regions VIIj compare to VIId and Lasota
vaccine strain (Figure 4). Pathogenicity of Newcastle disease
virus related to different known and unknown factors. Viral
determinants of NDV virulence are not completely
understood. The role of the cleavage site in a fusion protein
(Panda et al., 2004) or structure and length of HN protein
(Sabouri et al., 2018) has been proven. Several studies have
shown that the NP of NDV because of its high immunogenicity
is an important antigen in serologic assays (Courtney et al.,
2012). Unique changes in amino acid sequence, MHCI,
MHCII epitopes, and protein binding regions in NP protein of
VIIj which was reported in the current study in new isolates
due to positive selection during the evolution of virus might be
an effective role in a significant increase in virulence of new
Iranian isolates. Hemagglutination inhibition test is broadly
performed to detect antigens by repression of NDV HA
activity using ND-positive serum (Alexander, 2003a). The
structural and functional analysis of nucleocapsid protein NP
with monoclonal antibody has improved the role of NP in
transcription (Deshpande & Portner, 1984). At least three
antigenic sites were delineated on the NP. The 1st site includes
two closely located epitopes; the 2nd site includes two related
and two distinct epitopes; the 3rd site includes two closely
related and one distinct epitope (Panshin et al., 2000). As well
our bioinformatic study identified a new pattern in protein
binding sites in np protein of VIIj compare to VIId and Lasota
vaccine strain (Figure 6). Closely relation of these isolates to
VIId expressed the derivation of this new subgenotype with
more than 3% changes in Fusion and HN proteins (Esmaelizad
et al., 2016; Mayahi & Esmaelizad, 2017). These differences
have also been identified in NP protein too. B-Cell and T-Cell
epitope patterns in NP protein were changed due to these novel
amino acid substitutions. 20 MHCII and 11 MHCI epitopes
were predicted by IEDB software in polymorphic region of NP
protein including four novel amino acid substitutions in NP
protein based on HLA-A*02.01 allele. Unique amino acid
substitutions were indicated (Table 3).
This novel pattern in NP protein might be useful as a
marker for the differentiation of NDV-VIIj from others.
Selective pressure suggests resulting in the evolution of NDVs
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and the emergence of genetic variants. Detection of new NDVs
isolates with higher virulence showed the positive selection
pressure in viruses. It seems that these amino acid substitutions
closely related to the virulence of NDV. Knowledge of the
diversity of NDV genomes circulating worldwide serves as a
marker to differentiation of NDVs classes, genotypes,
subgenotypes, and on the other hand, will be necessary to the
selection of future vaccination strategies and vaccinal strains
cover the diversity of isolates associated with the disease.

Acknowledgements
This study was supported by Grant No. 2-18-18-94129
from Raz i Vaccine and Serum Research Institute.

References
Alexander DJ, Chettle NJ. 1977. Procedures for the
haemagglutination and the haemagglutination inhibition tests for
avian infectious bronchitis virus, Avian Pathology, 6(1): 9-17.
Alexander DJ. 2003a. Newcastle disease and other avian
paramyxoviridae infections. In Saif YM (Eds): Diseases of
Poultry.Vol. 7, Iowa State University Press, Ames, p. 63-80
Alexander DJ. 2003b. Newcastle disease, other avian
paramyxoviruses, and pneumovirus infection. In: Shaif YM,
Barnes HJ, Glisson JR, Fadly AM, McDougald LR, Swayne DE.
(eds). Disease of Poultry. 12th ed. Blackwell, Oxford, UK, p. 75100.
Ballagi-Pordany A, Wehmann E, Herczeg J, Belak S, Lomniczi B.
1996. Identiﬁcation and grouping of Newcastle disease virus
strains by restriction site analysis of a region from the F gene.
Arch Virol., 141: 243-261.
Beard CW, Hanson RP. 1984. Newcastle disease In: Hofstad MS,
Barnes HJ, Calnek BW, Reid WM, Yoder HW (eds). Disease of
Poultry. 8th ed. Iowa State University Press, Ames, p. 452-471.
Cheng J-H, Sun Y-J, Zhang F-Q, Zhang X-R, Qiu X-S, Yu L-P, Wu
Y-T, Ding C. 2016. Newcastle disease virus NP and P proteins
induce autophagy via the endoplasmic reticulum stress-related
unfolded protein response. Sci. Rep., 6, 24721.
Courtney SC, Gomez D, Susta L, Hines N, Pedersen JC, Miller PJ,
Afonso CL. 2012. Complete Genome Sequencing of a Novel
Newcastle Disease Virus Isolate Circulating in Layer Chickens in
the Dominican Republic. J Virol., 86(17): 9550.
Curran J, Homann H, Buchholz C, Rochat S, Neubert W, Kolakofsky
D. 1993. The hypervariable C-terminal tail of the Sendai
paramyxovirus nucleocapsid protein is required for template
function but not for RNA encapsidation. J Virol., 67: 4358-4364.
Deshpande KL, Portner A. 1984. Structural and Functional Analysis
of Sendai Virus Nucleocapsid Protein NP with Monoclonal
Antibodies. Virology, 139(1): 32-42.
Esmaelizad M, Mayahi V, Pashaei M, Goudarzi H. 2016.
Identiﬁcation of novel Newcastle disease virus sub-genotype VII(j) based on the fusion protein. Arch Virol., 162(4): 971-978.

2021, 10(1): 35-40

Farooq M, Saliha U, Munir M, Khan Q. 2014. Biological and
genotypic characterization of the Newcastle disease virus isolated
from disease outbreaks in commercial poultry farms in northern
Punjab, Pakistan. Virology Reporters, 3: 30-39.
Jin J, Zhao J, Ren Y, Zhong Q, Zhang G. 2016. Contribution of HN
protein length diversity to Newcastle disease virus virulence,
replication and biological activities. Sci. Rep., 6: 36890.
Kho CL, Tan WS, Tey BT, Yusoff K. 2004. Regions on nucleocapsid
protein of Newcastle disease virus that interact with its
phosphoprotein. Arch Virol., 149(5): 997-1005.
Kim ML, King DJ, Curry PE, Suarez DL, Swayne DE, Stallknecht
DE, Slemons RD, Pedersen JC, Senne DA, Winker K, Afonso
CL. 2007. Phylogenetic Diversity among Low-Virulence
Newcastle Disease Viruses from Waterfowl and Shorebirds and
Comparison of Genotype Distributions to Those of PoultryOrigin Isolates. J Virol., 81(22): 12641–1265.
Lamb RA, Kolakofsky D. 1996. Paramyxoviridae: the viruses and
their replication. In: Fields BN, Knipe DM, Howley PM (eds)
Fields virology, 3rd edn. Lippincott-Raven,Philadelphia, p. 11771204.
Mayahi V, Esmaelizad M. 2017. Identification of novel E347Q and
G362K amino acid substitutions in HN neutralization epitope and
major antigenic difference in novel sub-genotype VIIj isolates.
Acta Virol., 61(4): 438-444.
Mebatsion T, Koolen MJ, de Vaan LT, de Haas N, Braber M, RömerOberdörfer A, van den Elzen P, and van der Marel P. 2002.
Newcastle disease virus (NDV) marker vaccine: an
immunodominant epitope on the nucleoprotein gene of NDV can
be deleted or replaced by a foreign epitope. J Virol., 76(20):
10138-10146.
Myers TM, Moyer SA. 1997. An amino-terminal domain of the
Sendai virus nucleocapsid protein is required for template
function in viral RNA synthesis. J Virol., 71(2): 918-924.
Myers TM, Smallwood S, Moyer SA. 1999. Identiﬁcation of
nucleocapsid protein residues required for Sendai virus
nucleocapsid formation and genome replication. J Gen Virol.,
80(6): 1383-1391.
OIE, World Organization for Animal Health. 2012. In: Manual of
Diagnostic Tests and Vaccines for Terrestrial animals. 7th ed. Ch.
2.3.14. OIE, Paris, France, p. 556-573.
Panda A, Huang Z, Elankumaran S, Rockemann DD, Samal SK.
2004. Role of fusion protein cleavage site in the virulence of
Newcastle disease virus. Microb Pathog., 36(1): 1-10.
Panshin A, Shihmanter E, Weisman Y, Orvell C, Kydyrmanov A,
Asanov N, Daulbaeva K, Saratov M, Lipkind M. 2000. Antigenic
characterization of the nucleocapsid protein of Newcastle disease
virus by means of a new panel of monoclonal antibodies. Comp
Immunol Microbiol Infect Dis., 23(3): 209-220.
Sabouri F, Marandi MV, Bashashati M. 2018. Characterization of a
novel VIIl sub-genotype of Newcastle disease virus circulating in
Iran. Avian Pathol., 47(1): 90-99.
Silva KR, Goncalves MC, Oliveira ES, Fernando FS, Montassier MD,
Fernandes CC, Tamanine MD, Borzi MM, Santos RM,
Mendonca AD, Reischak D, Paulillo AC, Montassier HJ. 2014.
Cloning and Expression of the Nucleoprotein Gene (NP) of
Newcastle Disease Virus (NDV) in Escherichia coli for
Immunodiagnosis Application. Int J Poult Sci., 13(8): 473-479.

40
http://www.jbb.uni-plovdiv.bg

