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Objective: To determine the molecular characterization of Polymerase complex (PA, PB1 and
PB2) genes of HON2 avian influenza viruses and the genetic relationship of Iranian H9N2 viruses
and other Asian viruses. Methods: The Polymerase complex (PA, PB1 and PB2) genes from
seven isolates of HON2 viruses isolated from commercial chickens in Iran during 2008—2009 were
amplified (by RT-PCR method) and sequenced. Nucleotide sequences (Open Reading Frame:
orf) of the PA, PB1 and PB2 genes were used for phylogenetic tree construction. Results: Most
PB2 and PA genes of the HIN2 viruses isolated in 2008—2009 belonged to the unknown avian
sublineage which grouped with the 2004 Pakistani H7N3 viruses. The PB1 genes of Iranian viruses
indicated greater genetic diversity and shared a high level of similarity to PB1 genes from either
H5 or H7 subtypes with compared to established HON2 Eurasian sublineages. Conclusions: Our
findings demonstrated that the HON2 viruses in Iran exhibit striking reassortment which has led to
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the generation of new genotypes.

1. Introduction

Influenza viruses belong to the Orthomyxoviridae family
.They are enveloped viruses with a genome of single—
stranded negative—sense RNA composed of eight genes
segments encoding at least 10 proteins[l.2]. According to
the antigenic differences in their nucleoprotein and matrix
protein, these viruses are divided into three major types
A, B and C2]. Influenza A virus can be further classified
into subtypes on the basis of the antigenic properties
of two surface glycoprotein’s haemagglutinin (HA) and
neuraminidase (NA). To date, 16 HA and 9 NA subtypes of
influenza A virus have been recognizedi3l. The entire genome
of influenza A viruses are packaged into ribonucleoprotein
particles (RNPs) including the nucleoprotein (NP) and
polymerase complex. The polymerase complex consists
of the PA, PB1 and PB2 subunits. Polymerase subunits
are responsible for transcription and replication of viral
RNA: During the initial steps, by using a cap—snatching
method, they transcribe virally encoded genes; then, they
replicate full-length viral RNA to produce first positive—
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strand complementary RNA and progeny viral RNA. The
catalytic activity of the PB1 subunit cleaves host cell mRNA
binding to the cap-binding PB2 subunit. PB1 residues
implicated in the endonuclease and polymerase active
sites have been recognized, although the position of the
cap—binding site of PB2 remains controversiallll. The role
of the PA protein isn’t exactly clear, but numerous studies
indicated that it is essential for cap snatching and viral
RNA promoter recognitionl(l4]. During 1999 to 2003, human
cases of HON2 virus infection have been reported in Chinalsl.
Published surveys indicated that HON2 viruses can infect
humans and it is considered to be one of the potential
public health risks(6-10l. These viruses are now enzootic
in the Middle East countries and are associated with great
economic losses|11.12.14.15]. In this study, we investigated the
phylogenetic patterns of the PA, PB1 and PB2 genes of HON2
influenza viruses isolated from Commercial broiler chicken
in the Iran between 1999 and 2009. We delineated the PA,
PB1 and PB2 genes of these field isolates and established
their phylogenetic relationship to the other Asian HON2
viruses.

2. Materials and methods

2.1. Sampling and virus isolation
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Samples collected from different parts of the country.
Sample collection was performed according to the standard
protocolilél. During the period 2008 to 2009, lung and
trachea Samples were submitted to the National Reference
Laboratory. The samples were stored at —=70 C until used.
They were treated with 2X phosphate buffer solution (PBS,
pH 7.4) containing antibiotics and antifungal (Penicillin
10000 unit/ml, Streptomycin 10000 unit/ml and Nystatin
20000 unit/ml). Initial viral isolation was performed by using
ten days—old SPF (Specific Pathogen Free) embrocated
chicken eggs (ECEs). Eggs candled daily, and embryos dying
within 24—h post inoculation (PT) were discarded. Allantoic
fluids were extracted from the eggs, and the presence of
viruses was confirmed by haemagglutination test. Standard
haemagglutination—inhibition (HI) and neuraminidase—
inhibition (NI) tests were used for Subtype identification of
the viruses(171.

The following seven viruses isolated in our study
comprised: (A/chicken/Tran/RZ28/2008,A/chicken/Iran/
RZ37/2008,A/chicken/Iran/RZ42/2009,A/chicken/Iran/
RZ53/2008A/chicken/Iran/RZ71/2009,A/chicken/Iran/
RZ75/2009, A/chicken/Iran/RZ77/2009).

2.2. RT-PCR and sequence analysis

The viral RNA was obtained directly from the allantoic
fluid by applying the High Pure Viral Nucleic Acid Kit
(Roche Germany). Purified genomic RNA was used to
generate ¢cDNA clones (RT-PCR) in accordance with the
standard protocol(18l. The specific primers were used for
genes amplification as described below:

—Primers used for PB2 amplification were:

Forward primer (2052 bp):5'~ AAAAGCAGGTCAATTATATTC-3'
Reverse primer (2052 bp): 5~ AAGGTCGTTTTTAAACTATTCA-3
— Primers used for PB1 amplication were:

Forward primer (2060 bp): 5~ GCAAAAGCAGGAGTGAAAATG-3
Reverse primer (2060 bp): 5'— AGTCCTGAGCACAAATAACTGG-3

— Primers used for PA amplication were:
Forward primer (2133 bp):5'~ AGCAAAAGCAGGTACTGAT-3
Reverse primer (2133 bp):5'—~ AGTAGAAACAAGGTACTTTT-3'

High Pure Product Purification Kit (Roche Germany) was
used for the PCR products purification and then purified
products were used for direct sequencing (MWG co,
Germany).

Nucleotide and deduced amino acid sequences of the three
polymerase complex genes were edited with the Editseq
(DNASTER Software package Version 5.2 )Nucleotide and
deduced amino acid sequences were aligned by Clustal W,
Version 1.4.

The phylogenetic tree construction was performed with the
Meg Align program 2.8.

2.3. Nucleotide sequence accession numbers

The sequences determined in this study are available in
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the GenBank under accession numbers: JX097026— JX097046.

3. Results

Phylogenetic analysis of HON2 polymerase complex genes:
Phylogenetic analysis of three polymerase complex genes
showed that they formed different Sub- lineages including:
Beijing —like or Y280-like, G1-like, H5N1/01-like, unknown
avian and three duck lineages (Dk1, Dk2, Dk3)

Phylogenetic analysis of the PB2 and PA genes showed
that all of the Tranian H9N2 viruses fell in two groups:
unknown avian and Dk1 (Figure 1 and Figure 2). All of the
HON2 viruses isolated in 2008—2009 except A/chicken/Iran/
RZ53/2008 belonged to the unknown avian sublineage which
grouped with the 2004 Pakistani H7N3 viruses. A/chicken/
Iran/RZ53/2008 clustered with Dk1 sublineage that is most
closely related to Dk/ST/163/04, which is isolated from
migratory duck.
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Figure 1. Phylogenetic analysis of the PB2 gene showed that all the
PB2 genes of the Tranian H9N2 viruse fell in two groups, unknown
avian and Dk1.

The PB1 genes of Iranian HIN2 viruses showed a high
level of sequence diversity as compare with PA and PB2
genes.

Nucleotide sequence comparisons showed that two isolates
(A/chicken/Iran/RZ53/2008 and A/chicken/Iran/T11/1399)
contained a PB1 gene closely related to HSN2 viruses from
Germany (A/duck/Potsdam/1402-6/1986; 95.4—96.1%). The
other Tranian isolates were similar to a H7N3 chicken isolate
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from Pakistan and formed a distinct subclass compared to
Eurasian sublineages (G1, Korean— and Y280-like) (Figure 3).
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Figure 2. Phylogenetic analysis of the PA gene showed that all the
PA genes of the Iranian HON2 viruse fell in two groups, unknown avian
and Dk1.

3.1. Molecular characterization

To analyze the molecular characteristics of Tranian HON2
viruses, the deduced amino acid sequences of the PA, PB1
and PB2 proteins were aligned and compared with other
HON2 viruses.

The Tranian isolates did not indicate deletions or insertions
within three polymerase complex genes with compare to the
prototype, A/turkey/winconsin/66, but rather several point
mutations were registered.
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Figure 3. The PB1 genes of Iranian viruses indicated greater genetic

diversity and shared a high level of similarity to PB1 genes from either
H5 or H7 subtypes.
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These viruses characterized by eight amino acid
substitutions in PB1 gene at the following positions: 87 (V to
1), 270 (S to C), 271 (T to A) 280 (N to S), 285 (R to K), 301(H to k),
416 M to L.

One of the Tranian isolates (A/chicken/Iran/RZ71/2009) carry
amino acid substitution K 615 R in the PA gene. Arginine
to Lysine (Arg to Lys) substitution at position 615, has been
associated with the adaptation of HON2 avian influenza virus
in human and mice.

HIN2/G1 H7N3 H5N1 DK1 unknown
lineage viruses
I
NS
A + B + C + D E

F G
RZ28 RZs53
RZ37 1T
RZ42
RZ71
RZ77
RZ75

Figure 4. newly identified genotype of HIN2 viruses. Phylogenetic
analysis of the Iranian Polymerase complex genes revealed at least
two different genotypes.

3.2. Genotyping

Based on sequence comparison and our previous
studies(18-20] we recognized at least two different genotypes,
designated F and G among these seven viruses (Figure 4).

The polymerase genes of the recent HON2 viruses originated
from three sublineages. The Polymerase complex genes
(PB1, PB2, and PA) of A/chicken/Tran/RZ53/2008 (genotype G)
belonged to the Dk1 sublineage or closely related to German
H5N2 viruses. However, most PB1, PB2 and PA genes of the
HON2 viruses isolated in 2008—2009 (genotypes F) were similar
to the Pakistani H7N3 viruses.

4. Discussion

Avian influenza H9N2 viruses circulated widely in the
Middle East (Iran, the UAE and Israel) and were associated
with economic losses in poultry[11.12,14.15], In this study, we
have reported the first genetic analysis of the Polymerase
complex genes (PB1, PB2 and PA) of HIN2 avian influenza
viruses and founded that Iranian viruses had undergone
genetic reassortment. The molecular basis of host-range
restriction and adaptation of influenza A viruses to a new
host species has not exactly been determined. Previous
studies revealed that mutation of the polymerase complex
is necessary for adaptation to a new host and may increase
replication and transcription of the adapted virus in
mammalian species|5.21].

Earlier reports concentrated on the key role of the
HA, M1 and NSI proteins in host-range restriction and
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adaptation[22,23]. But at the present, numerous studies
indicate that the virulence of influenza viruses is probably
to be a multigenic traitl5.21l. Analysis of protein sequences
showed Arg to Lys ( 615) substitution in the PA gene in one
of the Tranian isolate . K 615 R substitution in the PA gene is
a crucial determinant for influenza virus pathogenicity and
host specificity. Gabriel et al (2005) have suggested that the
K 615 R substitution may be essential for adaptation of avian
viruses to mammalian hostsl4]. It seems that the substitution
K615R observed here in Iranian viruses may also lead to
increased pathogenicity and replicative efficiency of HON2
influenza viruses in mammalian hosts.

Instead of Lysine (K) at position 615 within the PA protein,
Argnine (R) was existed in human HIN1, H5N1, and H9N2
isolates including A/HK/483/97, A/HK/485/97 and A/
HK/1073/99 which confirm the relevance of PA 615 Arg for
host changel5l. Previous studies have shown that the Eurasian
lineage consists of at least three sublineages represented by
their prototype strains: A/chicken/ Korea/38349-p96323/96
(Korean-like), A/duck/Hong Kong/ Y280/97 (Y280-like),
and A/quail/Hong Kong/G1/97 (G1- like)22l. As reported
by Xu et al (2007), our result also showed that Polymerase
complex genes of HIN2 viruses formed different sublineages
including G1-like , Ck/ Beijing —like( or Y280-like) , three
duck lineages (Dk1, Dk2,Dk3) and unknown aviani2sl.

Our previous studiesl18-20] indicated that Iranian surface
glycoprotein genes (HA and NA) and one internal gene (NP)
were similar to Gl-like virus represented by Qa/HK/G1/97,
whereas the PA,PBI and PB2 genes of the Iranian HON2
viruses, formed a distinct group compared to G1—, Korean—
and Y280-like sublineage.

polymerase complex genes sequence homologies of the
Iranian isolates showed more similarity with a H7N3 chicken
isolate from Pakistan (A/Chicken/ Karachi /NARC—100/2004(
92.5-95.5%) compared to Qa/HK/G1/97 (85.3-86.6%), Dk/
HK/Y280/97 (84.7-86.9%) and Ck/Korea/323/96 (88.2—89.9%)
.Furthermore, the PB1 gene of Iranian isolates were
more similar to a H5N2 duck isolate from Germany (Dk/
Potsdam/2216-4/84; 95.3-95.4%) compared to Eurasian
sublineage.

Based on the genetic similarities and phylogenetic analysis,
our results suggested that the Iranian viruses had undergone
genetic reassortment with other influenza subtypes including
H7 and H5 viruses.

Like the Iranian isolates, reassortment between HON2 and
the highly pathogenic avian influenza virus H7N3 subtype
was reported in Pakistan(26]. It is also noted that the viruses
from Dubai and Pakistan shared an out group relationship
with the Tranian viruses in the PA gene tree suggesting that
these viruses are derived from the same gene pool.

Phylogenetic analysis of the Iranian polymerase complex
genes revealed at least two different genotypes. Our
identification of novel genotypes of HON2 viruses in
2008—2009 was markedly similar to those of a recent study
conducted by Igbal et al in Pakistani27]. This finding suggests
a high degree of diversity among the HON2 viruses in the
regions of the Middle East and Indian sub—continent.

In recent years, novel genotypes of HON2 avian influenza
viruses from domestic poultry in China, Korea, Vietnam,

India and Pakistan have been identified and well
characterized27-34]. In February 2006, highly pathogenic
H5N1 virus was isolated from wild birds in Northern
provinces of Iran[28]. It seems that the association of
highly pathogenic H5N1 viruses and H9N2 cases raised
the probability of novel genotypes in Iran. In view of this
situation, we would expect to isolate additional novel
genotypes with unique combinations of genes.

Homayounimehr et al (2010) and Soltanialvar et al (2010)
have shown that the Iranian isolates possessed amino
acid leucine (L) at position 226 instead of glutamine (Q) at
the receptor binding site of haemagglutinins (HA) which
is similar to A/Quail/HongKong/G1/97 and two human
isolates: A/HK/1073/99, A/HK/1074/99[35-37,18]. Amino acid
differences in the receptor binding sites of HAs have been
shown to be associated with differences in receptor binding
specificityl22]. So Iranian HON2 isolates can bind to « (2, 6)
receptors. This feature suggested the pandemic potential of
the H9N2 avian influenza virus and emphasizes the need for
continuous surveillance in Iran, which has been continuing
since 2000[39-41].
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