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Abstract:

BACKGROUND: The HON2 subtype of avian influenza
viruses (AlVs) have spread in Asiaand Middle East countries
and have become a serious threat to poultry industry in Iran.
OBJECTIVES: Characterization of genesof HON2 subtypeinvolv-
ingin pathogenicity and diagnosisare crucial incontrol of avian
influenzaoutbreaks. TheNonstructural (NS) geneanditsprotein
products (NS1 & NS2) areimportant as diagnostic marker, life
cycleandpathogenicity of AIVs.METHODS: TheNSgeneof five
strains, isolated from 1998 to 2010, were completely sequenced
andanayzed. RESULTS: All of theexamined strainswere compos-
ed of 890 nucleotideswith 230 amino acids. Inthisregard, only
two Iranian strainsfrom GeneBank had 217 amino acidsin NS1
protein. All Iranian HON2 strains subdivided into two distinct
sublineagesincludingl andll. Comparativeanalysisof NSgenes
of Iranian strains showed that since 2003, they might have
originated from Pakistan H7N3 strains, whereas from 2008 they
could be originated from Pakistan HIN2 strains. CONCLUSIONS:
Althoughthelow pathogenic HON2 subtype hasbeen permanent-
ly circulating from 1998 to the present in Iran, phylogenetic
analysis of NS genesrevealed that sublineage |1 has circulated
more in poultry industry of Iran. These epidemio-logically
variations could be related to vaccination pressure due to
massive vaccination or NS gene reassortment in rural and
backyard chickens.

Introduction

Avian influenza (Al) is an important infectious
disease belonging to type A influenza virus of
Orthomyxoviridae family. They contain a single-
stranded, negative sense, segmented RNA genome
consisting of eight segments, whichencode11known
proteins. Avian influenza virus (AlV) is classified
into subtypes depending upon their surface haemag-
glutinin (HA) and neuraminidase (NA) glyco-
proteins (Palese & Shaw 2007). To date, 16 HA
subtypes(H1- H16) and 9 NA subtypes(N1- N9) are
recognized (Zohari et a ., 2008). TheAlV remainsan
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important concern both in animal and human health
(Capuaand Alexander, 2008). Waterfow! isanatural
host for AlV's, but they also infect and cause disease
in humansand other animal ssuch aspigs, horsesand
variousbird species (Webster et al., 1992). Recently,
somesubtypeslike H5, H7 and HOwereabl eto adapt
and be established in commercial and domestic
poultry and cause sever tomild disease (Alexander et
a., 2007, Xuetal., 2007). Thesubtypesof HSand H7
can beassumed ashighly pathogenic avianinfluenza
(HPALI), but H9 subtypes are recognized only aslow
pathogenic avian influenza (LPAI) and al of these
subtypes are highlighted for their ability ininducing
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zoonoticinfection(Guoetal., 1999, Buttetal ., 2005).

The AlVs of HIN2 subtype have been isolated
from poultry outbreaksin several countriesincluding
Germany, Iran, Pakistan, Italy, Ireland, Saudi Arabia,
China, Hong Kong, South Africa, and the United
Statesduring thelast decade(Naeemetal., 1999, Lee
etal.,2000). 1n 1998 for thefirst time, HON2 subtype
of AV was isolated in Iran by Vasfi Marandi and
Bozorgmehrifard (Marandi, M., Bozorgmehrifard,
M.H., 1999). This outbreak caused great economic
losses in Iran poultry industry. The mortality rates
reportedinsomebroiler farmsin Iranwereup to 65%
(Nili & Asasi, 2002).

The segment 8 of AIV gene is about 890
nucleotides in length and codes 2 non-structural
protein 1and 2 (NSland NS2). TheNSlproteinisnot
present in mature virions but is visible in infected
cells, whereasthe NS2 protein presentsin very low
rate in the viral particle (Salvatore et a., 2002).
Depending on virus strains, NS1 protein consists of
124-237 amino acid residues. The mRNA of NS1
directly encodes NS1 protein but for production of
NS2 protein, splicing of mMRNA of NS1 leads to the
formation of the NS2 mRNA which encodes 120
amino acids residues (Matrosovich et al., 2004, Lye
et al., 2006). The NS genes of influenza viruses are
dividedinto two allelesgroups, designated asalleles
A and B. Allele A comprise influenza viruses from
human, equine, swine and bird species, whereas
alele B comprises one equine and many bird
influenzaisolates(Treanor etal., 1989, Ludwigetal.,
1991). Thelevel of homology withinaleleAandBis
93-100%, and those between two alleles are about
62% (Treanor et al., 1989).

Theviral NS1 proteiniswidely considered asthe
common factor by which al influenza A viruses
antagonize host immune responses. Indeed, mutant
influenza A viruses unable to express NS1 protein
aone, display high pathogenicity in mice lacking
antiviral mediators or the dsRNA - activated protein
kinase (PKR). Thus, the available data strongly
indicate that the major function of NS1in current In
vivo models is to antagonize IFN-o/f mediated
antiviral response (Hale et al., 20083a). The NS1
protein is expressed like two distinct functional
domain including RNA- binding and effector
domains. The RNA-binding domain is localized in
the N-terminal region (first 73 amino acid residues)
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and effector domain issituated in C-terminal region
(from 74totheend). Theeffector domainisprogram-
med for interaction with a long series of viral and
cellularfactors(Haleetal.,2008b, Marioetal., 1997).
TheNSproteinisavery useful targetinternal protein
that has been involved in differentiation of infected
vaccinated animal fromthoseof uninfected vaccinat-
ed animals (Dundon & Capua, 2009). Therefore,
detection of important molecul ar determinantsonNS
gene of HIN2 protein could be helpful in
development of diagnostic tests. So, the aim of this
study ismolecular identificationand characterization
of NS genes Iranian HON2 subtypes strains of AlV
isolated from broiler chicken flocks between 1998-
2010.

Materialsand M ethods

Virusstrains: Four of thefive AlVsusedin this
study wereisolatedinavianvirology laboratory of the
Faculty of Veterinary Medicinein Tehran University
from 2006 until 2009 during Al outbreaksin broiler
chickenfarmsinTehranprovince. Besides, theZMT-
101 strainasthelranianreferencestrainwas isol ated
at the first HON2 outbreak in 1998. Tissue samples
werecollectedaccordingtothestandard methodfrom
suspected broiler chickens. The lung and intestine
weresampledandstoredat-70°Cuntil virusisolation.
Samples were prepared in a 2x phosphate buffer
solution(PBS, pH 7.4) containing antibiotics(10.000
[U/mL penicillin, Img/mL streptomycin sulfate) and
antifungal (20 1U/mL Nystatin) (SIGMA, S. Louis,
MO, USA). Then, A1V homogenized tissue samples
were inoculated in 10 day-old embryonated chicken
eggs (Kendal et al., 1982, Peiris et al., 1999). The
subtypes of AlVs were detected by specific HON2
subtypeanti serumusinghemaggl utinationinhibition
(H1) test (I stituto Zooprofil attico Sperimental edellen
Venezie, padova, Italy). Allantoeic fluids containing
AlVswith Log 2 HA titer of 7 were used for RNA
extraction. The HIN2 strains used in this study is
listedinTable 1.

RNA extraction and RT-PCR: The viral RNA
wasdirectly extracted fromallantoi cfluid possessing
HIN2 subtype of AIV with the RNX-TM- PLUSKit
(Cina Gene Com. Iran). Reverse transcription (RT)
was carried out with uni-12 universal primer with
sequence of 5AGAAAAAGCAGG3. Amplific-
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ation of the NS geneswas performed by PCR, using
specificprimers.All theprimersusedinthisstudy are
available in the avian virology laboratory of the
Faculty of Veterinary Medicinein Tehran University.

The reaction mixture with total volume of 50 uL
contained 5 uL of cDNA, 15 p moles of forward and
reverseprimers (4 pL) and 25 uL of PCR master mix
(Cina Gen, Com). The amplification protocol was:
one step of denaturation at 94°C for 4 min, 30 cycles
of 94°C/20 Sec, 50°C/30 Sec, and 72°C/120 Sec, and
final extensionat 72°Cfor 7 min.

The PCR products were separated by electro-
phoresis using 1% agarose gel. The PCR products
were purified with the QIA quick Gel Extraction Kit
(Qiagen, Valencia, CA, USA) and sent for sequenc-
ing (SinaClon company). The nucleotide sequences
of fiveNSgenesobtainedinthisstudyweresubmitted
in GeneBank database and areavailableunder acces-
sion numbers of JQ364984, JQ364985, JQ364986,
JQ364987 and JQ364988 (Table 1).

Further, other sequencesof NSgenesof influenza
viruses were obtained from GeneBank and used in
characterization and phylogenetic analysis, based on
nucleotide and amino acids sequences of the NS
genes. The Phylogenetictressweredrawn regarding
complete open reading frame (ORF) of al strains
with 1000 boots trapping replications in Molecular
Evolutionary GeneticsAnalysis (MEGA, version 4.
1 beta) software (Tamuraet al., 2007).

Results

NS gene homology: The NS segments of the 5
isolatesof HIN2 strainswere compl etely sequenced.
Theresultsshowedthat thelengthsof theRNA region
codingNS1andNS2 proteinsinall isolateswere835.
The NS1 gene nucleotide sequence homology
betweenthemwas 95-100% with anaverageof 97 %
and those compared for deduced amino acids
homology were 89-100% with an average of 94%.
The nucleotide and amino acid sequence homology
of the NS1 genes of these isolates and other Iranian
available strainsin GeneBank were respectively 89-
100 % with an average of 94% and 82-100% with an
averageof 91.7 %. (Table 2).

Among the NS genes of Iranian HON2 strains
there were only 2 strains named A/chicken/Iran/
TH85/2006, A/chicken/lran/TH186/2007, which

1JVM (2013), 7(1):23-34

Iranian Journal of Veterinary Medicine

contained 217 amino acid residues with 13 amino
acidsin C-terminal truncation.

A total of 150 positionsfrom 230 deduced amino
acids (65.2 %) were conserved in NS1 protein of all
Iranian strains. However only 30 positionswith 87%
conservation were found in five strains. The RNA-
binding domain of NS1 protein was composed of 73
amino acids, of which 49 positions (67%) are
conserved inal Iranian strains. The effector domain
consisted of 157 amino acids. Inwhich, positions 74
to 230 contained 101 positions (64.5%) that are
conserved, but in five strains, amino acid conserv-
ation in RNA binding domain and effector domains
were 89% and 86% respectively (Table 3).

TheNL S1 sequence contained thestretch of basic
amino acids sequence 34-DRLRR-38 which was
located in RNA- binding domain. It was conserved
among the 5 HON2 subtype strains analyzed in this
study.

The amino acid of positions 219 and 220 in
A/Chicken/lran/ZMT-101/1998 and A/Chicken/
EBGV-86/2007 strains were respectively Lys and
Arg, but in A/Chicken/EBGV-87/2008, A/Chicken/
EBGV-88/2010 and A/Chicken/EBGV-89/2010
strainswereLysand Trprespectively. Theaminoacid
positionsof 89, 93, 167 and 141 areconservedinfive
strains, but with the exception of A/Chicken/EBGV-
87/2008 strain, al strains possessed proline in
position 164. In A/Chicken/EBGV-87/2008 strain
proline is substituted with His. A/Chicken/lran/
ZMT-101/1998 strain and all Iranian strainsisolated
before 2003 possessed Glu in position 142, but al
Iranian strains isolated after 2003 (A/Chicken/lran/
EBGV-86/2007, A/Chicken/lran/EBGV- 87/2008,
A/Chicken/lran/EBGV-88/2010 and A/Chicken/
Iran/EBGV-89/2010) had Asp in position 142. All
Iranian strains contained Phe, Met and Leu in the
positionsof 103, 106 and 144 respectively. However,
regardingtheamino acidresiduesat positionsof 184-
188, it was dlightly different in A/Chicken/Iran/
EBGV-87/2008 strain in which the residues of
GLVWN were substituted with GLEWN (Table 4).

ThePDZ Ligand or PL motivesof ESEV, KSEV,
K SEI, EPEV and L PPK werefound among NSgenes
of al Iranian strains availablein GeneBank. The PL
motives in A/ Chicken/ Iran/ ZMT-101/ 1998, A/
Chicken/ Iran/ EBGV-86/ 2007, A/ Chicken/ Iran/
EBGV-87/2008 and A/ Chicken/ Iran/ EBGV-89/
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Table 1. Iranian strainscharacterized in thisstudy.

No VirusStrain A"\ICS;”
1 A/Chicken/lran/ZMT- 101/1998(HON2)  JQ364985
2 A/Chicken/lran/EBGV-86/2007(HIN2)  JQ364986
3 A/Chicken/lran/EBGV-87/2008(HIN2)  JQ364987
4 A/Chicken/lran/EBGV-88/2010(HON2)  JQ364984
5 A/Chicken/lran/EBGV-89/2010(H9N2)  JQ364988

2010 strains used in this study were respectively
ESEV, KSEV and KSEI (Tableb5).

Phylogenetic analysis: The phylogenetic tree of
NS genesof five HON2 strainsisolated during 1998-
2010fromdifferent farms(presented inthisstudy) in
Tehran province in Iran are shown into two small
groups (Figure 1). One group included A/Chicken/
lran/ZMT-101/1998 and A/Chicken/lran/EBGV-
86/2007 strains, whereas the other group possessed
A/Chicken/Iran/EBGV-87/2008, A/ Chicken/ Iran/
EBGV-88/ 2010, and A/ Chicken/ Iran/ EBGV-89/
2010 strains (Figure 1). Also, various sequences of
NS gene of Iranian HON2 strains and some other
subtype related sequences were obtained from the
Gene Bank and used for phylogenetic analysis
(Figure 2,3). The nucleotide sequences of NS1
coding regionshowedthat all Iranianstrainscouldbe
dividedintotwo sub-lineagesof | and Il from 1998to
2010. In sub-lineage | of lranian strains includ A/
Chicken/ Iran/ ZMT-101/ 1998, A/ Chicken/ Iran/
11T/ 1999, A/Chicken/ Iran/ 772/ 1999 and some
other HON2 strains; there was 93-100% homol ogy
with an average of 93.3 %in NS1 geneand 86-100%
homol ogy with an average of 93% in deduced amino
acid sequence of NS1 protein (Table 2). However, in
sub-lineage |1 strains including A/ Chicken/ Iran/
EBGV-86/ 2007, A/ Chicken/ Iran/ EBGV-87/ 2008,
A/ Chicken/ Iran/ EBGV-88/ 2010, A/ Chicken/ Iran/
EBGV-89/ 2010, A/ Chicken/ Iran/ TH186/ 2007 and
some other strainsisolated from 2003 there was 92-
100% homology with an average of 95.7% for NS1
gene nucleotides sequence, and 88-100% homol ogy
with an average of 94.6% in NS1 protein (Table 2).
Sub-lineage | contained all AlVsisolated from 1998
to 2003, whereas in sub-lineage Il there were two
distinct clades, one clade only possessing A/
Chicken/ Iran/ EBGV-87/ 2008, A/ Chicken/ Iran/
EBGV-88/ 2010 and A/ Chicken/ Iran/ EBGV-89/
2010(Figure2).

AccordingtoallelesA and B amongthe NS genes
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nucl eoti de sequencehomol ogy of HON2 strainsfrom
different parts of the world, as previously described
by Treanor et al., (1989), all Iranian stainsincluding
5study strainswerelocated in alleleA (Figure 3).

Phylogenetictreebased onfull length of NSdrew
between representative HIN2 strains from Asia
including China, Hong Kong, Korea, Pakistan, India
strains and Middle East countries such asA/ Quail/
Dubai/302/2000 and A/Chicken/lsrael/292/ 2008
and Iranian strains including all five strainsand A/
Chicken/ Iran/ 28/2008(H9N2), A/ Chicken/ Iran/
320/ 2003(H9N2), A/ Chicken/ Iran/772/ 1999
(HON2), A/ Chicken/ Iran/ 11T/ 1999 (H9N2), A/
Chicken/ Iran/ 53-3/2008(H5N1), A/ Cygnus
Cygnus/ Iran/ 754/ 2006 (H5N 1), showed that these
strains also established Eurasian HON2 lineages:
namely the G1-lineage, the Y 280-lineage and the
Korean-lineage represented by prototype viruses of
A/ Quail/ Hong Kong/ G1/97, A/ Duck/ Hong Kong/
Y 280/97, A/ duck/ Hong Kong/ Y 439/1997 and A/
Chicken/ Koreal 38349p96323/96 respectively
(Figure3).

Discussion

Since the occurrence of the first Al outbreak due
toHIN2 subtypeinIranin 1998, frequent incidences
of HON2 outbreakshave, inrecent years, caused high
mortality in broiler chicken farmsin Iran and some
other Asian countries, resulting in considerable
economic losses (Marandi and Bozorgmehri Fard,
1999, Haghighat-Jahromi et al ., 2008). In spite of the
HA gene characterization of the HON2 viruses
isolated in Iran, only afew molecular analyses of the
NS geneshave been reported.

The previously available NS gene of Iranian
HON2 and H5N 1 subtypes sequences in Gene Bank
and 5 strains isolated from 1998 until 2010 were
investigated regarding their nucleotide and amino
acid sequences. Phylogenetic analysisbased on open
readingframe(ORF) of NS1geneof all IranianHIN2
strains showed the existence of two man sub-
lineages from 1998 to 2010 including sub-lineage |
andIl. TheZMT-101 strain belongsto sub-lineagel,
and other HON2 strains of this study fell in sub-
lineage Il (Figure 2). Phylogenetic tree showed that
Iranian HON2 strains located in sub-lineage I were
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Table 2. Nucleotide and amino acid sequenceshomology of 23 Iranian strains (al GeneBank strainsand five study strains).

Iranian Journal of Veterinary Medicine

NSgene NS1gene NS1protein
Homology
range% average % range % average % range% average %
Fivestrains 94-100 95.5 95-100 97 89-100 94
All Iranian strains 88-100 94.1 89-100 94 82-100 91.7
Sub-lineagel of Iranian strains 93-100 93.3 86-100 93
Sub-lineagell of Iranian strains 92-100 95.7 88-100 94.6

Table3. Amino acids (aa) conservation and its percentage (%) in NS1 protein, RNA-binding and effector domain of 23 Iranian strains.

NS1protein RNA-binding domain Effector domain
Conservation
aa % aa % aa %
Fivestrains 200 87 65 89 136 86
All Iranian strains 150 65.2 49 67 101 64.5
Table4. Thistable showstheamino acid (aa) positionin NS1 protein of Iranian strains.

Aminoacid position 142 164 184-188 219 220
AlChicken/Iran/ZMT-101/1998 E P GLEWN K R
Al/Chicken/Iran/EBGV-86/2007 D P GLEWN K R
A/Chicken/lIran/EBGV-87/2008 D H GLVWN K W
A/Chicken/lran/EBGV-88/2010 D P GLEWN K W
AlChicken/lIran/EBGV-89/2010 D P GLEWN K w

isolated from 2003; whereas all strainsisolated until
2004 with one exception of A/chicken/lran/SH2/
2007, werelocated in sub-lineagel.

When the NS gene sequences of 5 isolates of
HON2 subtype were used in phylogenetic analysis
with NS genes of reference subtypes of influenza
viruses in NCBI blast, there was a close homology
between NS genesof HON2 and H5N 1 (Figure 3).

Theresults of thisstudy showed that NS genes of
dl Iranianisolatesfal intoalleleA, withtwo separate
clusters; However, theNSgenesof thelranian H5N1
isolates formed a single cluster with those of the
H5N 1 virusesisol ated from Afghani stan and some of
the HON2 isolates from Pakistan. This phenomenon
hasbeenemphasizedwithAmiretal.,in2000, Banet-
Noach, etal.,in 2007 and Igbal et al., in 2009.

All lranian H9N2 strains in phylogenetic tree
were located in two sub-lineages. The sub-lineage |
of Iranian strains possessed A/CK/Iran/11T/1999
(HI9N2) and Saudi Arabia/CP7/1998 (HON2) strain
(Figure3). Moreover, theinfluenzavirusesfoundin
Northern Europe such as A/teal/Germany/Wv632/
2005 (H5N1) and A/Mallard/Netherlands/2005
(H5N2) strains were located in the same lineage.
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However, the sublineage 1l of Iranian strains was
located in a branch that consists of United Emirate
and Pakistan strains. By careful investigation, sub-
linage Il of lranian strains were divided into two
distinct groups, both of which are closely related to
Pakistan strains.

It seemsthat thefirstisolated HON2 strain likeA/
Chicken/ ZMT-101/1998 (H9N2) was the precursor
for A/ teal/ Germany/ Wv632/ 2005 (H5N1) and
A/Mallard/Netherlands/2005 (H5N2) strains isolat-
ed inthe Netherlandsand Germany in 2005. Itis not
strange because birds naturally migrate from south-
ern to northern countries and genetic reassortment
may beoccur intheir seasonal residence, becauseNS
gene identity of H5N1 and H5N2 strains of the
Netherlands and Germany with HON2 subtype of
Iranian strains such as A/Chicken/ ZMT-101/1998
(H9N2) which belong to sub-linage, is about 98-
99%.

TheNS1geneof A/Chicken/Iran/EBGV-86/2007
(HON2) strain is very similar to A/ CK/Karachi/
NARC-100/ 2004 (H7N3) and A/ Chicken/ Iran/
EBGV-87/ 2008 (HIN2), A/ chicken/ Iran/ EBGV-
88/2008 (H9N2) and A/ chicken/ Iran/ EBGV-
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Tableb. thistableshowsPL motivesof 9ranian and 6 Pakistani
HON2 subtypestrains.

Strainsname PL motif 227-230
A/Chicken/lran/ZMT-101/1998 ESEV
A/Chicken/Iran/EBGV-86/2007 KSEV
A/Chicken/Iran/EBGV-872008 KSEI
A/Chicken/Iran/EBGV-88/2010 KSEI
A/Chicken/Iran/EBGV-89/2010 KSEI

A/Chicken/Iran/772/1999 EPEV
A/Chicken/ Iran/565/2000 EPEV
A/Chicken/lran/TH85/2006 LPPK
A/Chicken/lran/TH186/2007 LPPK
A/Chicken/Pakistan/UDL-02/06 KSEI
A/Chicken/Pakistan/UDL-01/07 KSEI
A/Chicken/Pakistan/UDL-04/07 KSEI
A/Chicken/Pakistan/UDL-01/08 KSEI
A/Chicken/Pakistan/UDL-02/08 KSEI
A/Chicken/Pakistan/UDL-03/08 KSEI

Table6. Thepercentage (%) of heterogeneity of 8 Iranianstrains
with three HIN2 subtypes strainsisolated from Duck, Chicken
and Quail in1997.

A/DK/H A/CK/H A/Quail/
K/Y439/ K/G9/19 HK/G1/1
1997 97 997

Iranian strainsname

A/Chicken/Iran/ZMT-101/1998  5.2% 9.9% 8.3%
A/Chicken/Iran/EBGV-86/2007 8.5%  135%  12.2%
A/Chicken/Iran/EBGV-872008 7.9%  12.7% 11.1%
A/Chicken/Iran/EBGV-88/2010 7.1%  12.8% 10.9%
A/Chicken/Iran/EBGV-89/2010 8.3%  13.1% 11.4%
A/Chicken/Iran/661/1998 55% 103% 8.7%
A/Chicken/Iran/TH186/2007  9.8%  152% 14.2%
A/Chicken/Iran/TH82/2003 95% 127% 12.2%

89/2009 (HON2) strains are quite similar to A/ CK/
Pakistan/ UDL-04/ 2007 (HON2) and A/ CK/
Pakistan/ UDL-02/ 2006 (HON2) with 96% and 95.1-
98.2% respectively, based on deduced amino acid
sequences (Table 7). According to phylogenetic tree
of A/Chicken/EBGV-86/2007 and A/chicken/lran/
320/2003 with A/ CK/ Karachi/ NARC-100/ 2004
(H7N3), it seems that NS gene of A/ chicken/ Iran/
320/ 2003 (H9N2) and A/ chicken/ Iran/ EBGV-86/
2007 (H9N2) have been generated from the same
gene pool and genetic reassortment may occur
between HON2 and H7N3 strains. It is proposed that
the H7N3 strainscould have donated their NSgenes
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to HON2 strains as reported by Guan et al., in 1999
and Igba et al., in 2008. Understanding of the
geographic location of this reassortment is very
crucial because Iran Veterinary Organization is
aready doing H5, H7 and H9 surveillance. It is
important to note that there is only one report of H7
subtype isolation in Iran named A/ mallard/ Iran/
V31/04 (H7). However, AlV subtype of H7 and H9
are currently endemic in Pakistan dueto regular and
extensive use of vaccines (Naeem et al., 1999).
Therefore, more possible genetic reassortment may
occur in Pakistan and a novel genotype of HIN2
introduced to Iran by migratory birds. Nevertheless,
after complete sequence analysis of all 8 genesthis
hypothesiscould bepossible. Thisphenomenon may
be true about A/ Chicken/ Iran/ EBGV-87/ 2008
(H9N2), A/ chicken/ Iran/ EBGV-88/ 2008 (HIN2)
andA/ chicken/Iran/ EBGV-89/ 2009 (HON2) strains
too. These strains are closely related to A/ Chicken/
Pakistan/ UDL-04/ 2007 (HON2) and A/ Chicken/
Pakistan/ UDL-02/ 2006 (HIN2) strainsfrom Pakistan.
Therefore, it is not surprising to say these Iranian
strains are originated from Pakistan strains. Banet-
Noach, etal.,in2007 described NSgenesof thel sragli
HON2isolatesoriginated from asingle precursor and
heterogenity between Israeli HON2 strains did not
exceed more than 3%, but our results were different
and in some strains such heterogenity is up to 12%
(Table 2). Overall, at least three distinct lineages of
NSgenesof theHIN2 subtypeof AlV arecirculating
in the chicken population in Iran and 2 of their
lineages havearelationship with Pakistan strains.
All Iranian strains have the same length having
230 amino acids residues, with the exception of
Alchicken/Iran/TH85/2006(HI9N2) and A/chicken/
Iran/TH186/2007 (HON2) strains. Thesel ater viruses
are composed of 217 amino acids residues. Similar
truncations have been reported previously in H7 and
H9 subtypes of AlVsisolated from poultry (Dundon
et al., 2006) and aremore similar to A/chicken/ Iran/
EBGV-86/ 2007 (HON2) and with 94% homology
withA/ chicken/ Karachi/ NARC-100/ 2004 (H7N3).
Among the H7N3 viruses with the 217 amino acid
residues, al strains except one were isolated in
Pakistan and Afghanistan between 1995 and 2005
(Igbal etal., 2008, Dundonand Capua, 2009) but their
homol ogy with A/chicken/Iran/ TH85/2006 (HON2)
andA/chicken/Iran/TH186/ 2007 (HON2) islessthan
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AJChicken/lran/EBGV-88/2010

—— A/Chicken/lran/EBGV-89/2010
AJChicken/lran/EBGV-87/2008

A/Chicken/lran/ZMT-101/1998

100
98
A/Chicken/Iran/EBGV-86/2007
0.005

Figure 1. Thisfigureindicatestwo small groupsamong thefive HON2

L FJ205650 A/chicken/lran/TH83/2004

%9 |— HQ333531 A/chicken/ran/772/1999
HQ333526 A/chicken/lran/233/2001

FJ205648

2
AF508710 A/chicken/ran/11T/1999

® JQ364985 Alchicken/Iran/ZMT-101/1998
HQ333530 A/chicken/lran/661/19998

K

100
5_,:«:33352? Alchicken/lran/320/2003
el HQ333524 Alchicken/Iran/68/2006
rn HQ333523 Alchicken/Iran/28/2008
% [ FJ205651 A/chicken/lran/TH85/2006

10— FJ205652 Alchicken/ran/TH186/2007 Y

£|——FJZIJ5646 Alchicken/lran/THT7/1998

FJ205649 Afchicken/ran/TH82/2003
FJ205647 Alchicken/iran/TH78/1999

HQ333529 A/chicken/iran/565/2000

HQ333528 A/chicken/lran/466/2002
100 E HQ333525 A/chicken/iran/92/2003
HQ333532 Alchicken/iran/SH2/2007
100 @ JQ364984 A/chicken/iran/EBGV-88/2010
I— @ JQ364988 A/chicken/lran/EBGV-89/2010

@ JQ364987 A/chicken/lran/EBGV-87/2008
@ JQ364986 A/chicken/ran/EBGV-86/2007

strainsused in thisstudy.

[ Sub-lineageI of Iranian strains ]

Alchicken/lran/TH80/2001

Sub-lineage II of Iranian strains ]

Figure2. All Iranian HON2 subtypes of A1V sstrains phylogeny tree based on NS1 gene. Thefive strainsused in this study shown by black

circle(®). Two sub-lineagesexist among al Iranian strains.

90%. All Iranian and Pakistan HON2 subtype strains
that were composed of 230 amino acids residues
possessed GIn in position 218. One of the GIn
nucleotidesframesisCAG, ontheother hand, TAGis
one of the termination codon nucleotides frames.
Therefore, it is possible that these strains originated
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from other Iranian strains with point mutation in
position 218 amino acids residues. This hypothesis
has been emphasized by Dundon and Capua (2009).

All NS1 proteins of HON2 Iranian strains had
amino acid residues of 80-TIASV-84, without any
insertion or deletion. However, the biological
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FJ205651 A/CK/iran/THBS/2006
HQ333523 A/CK/lran/28/2008
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ool CY038422 AICK/Pakistan/UDL-02/2005
76l CY020625 A/CK/Afghani/ 1573-47/2008(H5N1)
DQB83041 CK/lsrael/ 1475/2003(HEN2)
—wﬁr— DQBB3046 A/CK/Israel/589/2008(HIN2)
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95 [L AB049168 A/parakeet/Narita/924/1938
L AJ29139 A/CK/Pakistan/2/1898

18

CY 023972 Afduck/Shantow3460/2003
g5 AF156472 CKIHK/GY 1997
AF156475 DUCK/HK! Y280/ 1997
0 AF523508 A/Duck/Shantow2144/2000
1001 AF523509 A/Duck/Shantow 1796/2000
L——— DQOGT441 Afturkey/Wisconsin/ 1968

5

100

»

Sub-lineage I of
Iranian strains

Y439

I Iranian HSN1

AF156477 QUAIL/ HK/ G1/ 1997 ¢—— Gl

G9 & Y280

Sub-lineage 1T of
Iranian strains

—— CY 014675 A/Chicken/Gemany/N/1848(H10NT)

100l 85381 A/Duck/Michigan/ 1980 (HSN2)
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e
005

Figure3. Phylogenetictreeof NSgenesof IranianHIN2viruses. Black circle(®) indicatesvirusescharacterizedinthisstudy. Black triangles

(a)arelranian H5N1 viruses.

significance of the 5 amino acid deletion is not well
understood, and the effects of such deletion on
pathogenesis have become clearer. It has been
reportedthat virusescontaining NS1 with del eted 80-
TIASV-84 residuesshow increased virulencein both
mouse and poultry infections(Long et al., 2008), but
this deletion in NS gene did not enhance Pakistan
HON2 strainsin IV PI test (Igbal et al., 2008).

30

Itisnot possibleto clearly find Iranian precursor
of HON2 subtypestrain. However, it seemsaA/ duck/
Hong Kong/Y 439/1997 strain might be closer to
Iranian HIN2 isolates than other viruses with
heterogeneity between 5.2-9.8% with Iranian strains
(Table 6). If thishypothesisis correct , the proposed
precursor strain may be introduced to Iran poultry
industry by means of migratory birds or importation
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of birdslikeostrich or quail.

About 150 positions of 230 (65.2 %) deduced
amino acidswere conserved in NS1 protein of HON2
subtype strains (Table 3), but this conservation in
Israeli strains was about 81.7%. The divergence
between the I sraeli subgroups may be attributed to a
few point mutations without genetic shifts (Banet-
Noach, et al., 2007) but it seems that the Iranian
strains overcame more divergence, emphasizing
genetic shifts.

ThePDZ domainsareprotein-proteinrecognition
moduleswithin amultitude of proteinsthat organize
diverse cell-signaling assemblies. They specifically
recognizeand bindto short C-terminal peptidemotifs
of 4-5 amino acids designated as PDZ ligand (PL).
The PL of avian NS1 proteins consists of residues
227-230, with the amino acids sequence of ESEV or
EPEV motives. The avian PL sequence was not
observed in the NS1 proteins of non-avian viruses,
and for alarge number of human NS1 proteins any
potential PL wasmasked by 7 amino acid C-terminal
extension (Haleet a., 2008b,c). Theroleof avian PL
sequenceson humaninfluenzavirusesvirulencewas
recently reported (Jackson et al., 2008). Avian NS1
proteinsand that of the 1918 virusare ableto bind to
up to 30 human PDZ domain containing proteins;
however, it is not possible for human NS1 proteins
(Obenauer et a., 2006). Igba et a., showed that 6
Pakistani HIN2 strains with PL motif were KSEI
(2009) (Table 6). Besides, Iranian strains of A/
Chicken/ Iran/ EBGV-87/2008 (H9N2), A/ chicken/
Iran/ EBGV-88/2008 (H9N2) and A/ chicken/ Iran/
EBGV-89/2009 (H9N2) PL motif are also KSEI.
These Iranian and Pakistani strains are in maximum
homology with each other, but the origin of KSEI
amino acids sequence as a PL moatif is uncommon
(Igbal et a., 2009). The isoleucine residue in C-
terminal of NS1 protein was rare: out of 1196 PL
motif sequences only 48 sequences from avian-
origin viruses and one from a swine-origin virus
containedisolousineat the C-terminus. Inaddition, K
at the position - 4inthe PL motif wasalsorare, with
the HIN1 1918 pandemic virus (Igbal et al., 2009).
The HIN2 subtype of AV strainsfrom 1998 til now
havebeen circulatinginpoultry industry of Iran. The
PL motifs of ESEV, KSEI, KSEV, EPEV and LPPK
were found in al Iranian HON2 strains analyzed
(Table6). Thevariationof PL motifsinlranianstrains
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ismorethan Israel and Pakistan HON2 strains. Such
variation revealed that insertion of ESEV, EPEV, or
KSEV, into an avirulent AIV strain in mouse
experimental model enhanced their pathogenicity,
but it is not clear whether it will enhance
pathogenicity in avian host or not (Igbal et a., 2009,
Jackson et.al, 2008)

TheNL Slisnuclear signal sequencethat has been
localized inside the NS1 protein (Greenspan et al.,
1988). Theresiduesof 34-DRLRR-38isconservedin
NL S1 of somelranian HON2 subtypesof AlV strains
andall Israel (Banet-Noach, etal., 2007) and Pakistan
and other Middle Eastern countries strains, but in
some Iranian strainsisolated from 1999 to 2003, the
NLS1 motif is DMLRR (A/ chicken/ Iran/ TH85/
2006, A/ chicken/ Iran/ TH186/2007) VRRRR (A/
chicken/ Iran/ TH77/1998, A/ chicken/ Iran/ TH82/
2003) VRLRR (A/ chicken/ Iran/ TH78/ 1999, A/
chicken/ Iran/ TH80/2001). This motif is crucia for
virusreplication cycleandthiskind of variation must
befurther investigated.

The PI3K is a heterodimeric lipid kinase
consisting of an 85 kDaregul atory subunit (p85) and
allOkDacatal yticsubunit (p110). After activation of
P13K intracellular second messenger PIP3 is
generated, which causes the specific membrane-
recruitment of a diverse range of signaling proteins
(Hawkins et al., 2006). The C-terminal effector
domain of NS1 binds specifically and directly to the
p85b regulatory isoform of PI3K (Hale et al., 2006,
2008c). To date, residuesof NS1implicated in p85b-
bindingincludeTyr, Met, Leu, Glu, Proand Prointhe
positionsof 89, 93,141, 142,164, and 167, whichare
all adjacenttooneanother intheNS1 monomer (Hale
et.al, 2008a). All Iranian strains belonging to sub-
lineage Il had glutamate at position 142 that was
replaced by aspartate. In position 164, only A/
Chicken/Iran/ EBGV-87/2008 strainhad histidinand
all other positionswere conserved in Iranian strains.
These variations need to investigate the pathogeni c-
ity HON2 strains.

CPSF30 (30 kDa subunit of cleavage and
polyadenylation specificity factor) isavery import-
ant factor used by influenzavirus for inhibition of
RNA- polymerase |1. The NS1-CPSF30 complex is
thoughtto prevent CPSF30frombindingcellular pre-
MRNASs, thereby inhibiting normal cleavage and
polyadenylationof the3'endof host-cell MRNAS, but
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viral mMRNAs are not affected by CPSF30 inhibition
(Nemeroff et al., 1998). NS1 bhinding to CPSF30
appears to require Phe-103/Met-106/Leu-144 and
residues184-188. Among Iranian HON2 strains, only
A/Chicken/lran/BGV-87/2008  possess-ed  the
different motif of 184- GLVWN-188 sequence.
However, all other Iranian strainshad 184-GL EWN-
188sequence(Table4). Itisavery important position
for virulence, but its effect on virulence of Iranian
HON2 strainsremainsto beinvestigated.

Low-pathogenic HON2 subtype of AlVs, were
permanently circulating from 1998 to datein poultry
industry of Iran. The NS genes of Iranian HON2
strains isolated from1998 to 2003 are seemingly
originated from A/Duck/Hong Kong /Y 439/1997
(H9N2) strain, whereas those from 2003 to 2010
originated from Pakistan strains. In 2006, highly
pathogenic H5N1 subtype of AlVwas introduced to
Iran by migratory birdsand becameendemicinrural
and backyard chicken of Iran. It is clearly de-
monstrated that genetic reassortmentinAlVsisusual
inwild and domestic birds(Macken et al., 2006), but
the species in which genetic reassortment most
readily occursis not known for certain (Igbal et al.,
2009).

In conclusion, investigation of NS gene phylo-
genetictreeof IranianHIN2 strainsrevea edthat sub-
lineage |l strains are already circulating in chicken
flocks. Thisepidemiological event couldberelatedto
vaccination pressure, because Iranian avian in-
fluenzavaccinestrainsaremembersof sub-lineagel.
Moreover, the possibility of reassortment ininternal
genesshouldbeconsidered. Thegeneticreassortment
between HIN2, H7N3 and H5N1 subtypes of AlVs
could emerge as a new genotype for subtype, as
described by Igbal etal., (2009). They demonstrated
the new genotype of HIN2 strains in Pakistan that
originated from Pakistan HON2, H7N3 and H5N1
strains and showed apossible donation of H7N3 and
H5N1 related NS gene to HON2 AlV. This suggests
that the surveillance of both H9 and H5 subtypes of
AlVsamongindustrial poultry and rural or backyard
chickens of Iran is very crucial in order to prevent
emergence of a new genotype of HON2 or H5N1 of
AlVs. The huge spread of HON2 to the majority of
countriesin the Middle East is an ongoing problem
for the poultry industry. There is possibility of
regeneration of a new HIN2 strain with high
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pathogenicity by means of reassortment. Thisoccur-
rencecoul dbesucceeded by the emergenceof anovel
panzootic strain.

Acknowledgments

This research was supported by a grant (no.
7508001-6-4) from the Research Council of the
University of Tehran.

References
1. Aamir, U.B., Wernery, U., llyushina, N., Webster,

R.G. (2007) Characterization of avian HON2 in-
fluenza viruses from United Arab Emirates 2000 to
2003. Virology. 361: 45-55.

2. Alexander, D.J. (2007) Summary of avian influenza
activity in Europe, Asia, Africa, and Australasia,
2002-2006. Avian Dis. 51: 161-166.

3. Banet-Noach, C., Panshin, A., Golender, N., Simanov,
L., Rozanblut, E., Pokamunski,S., et al. (2007)
Genetic analysis of nonstructural genes (NS1 and
NS2) of HON2 and H5N 1 viruses recently isolated in
Israel. Virus Genes, 2007. 34: 157-68.

4, Butt, K.M., Smith, GJ., Chen, H., Zhang, L.J.,
Leung, Y.H. (2005) Human infection with an avian
HIN2 influenzaA virusin Hong Kongin 2003. JClin
Microbiol. 43: 5760-5767.

5. Capua, |., Alexander, D.J. (2008) Ecology, epidemio-
logy and human health implication of avian influenza
viruses. why do we need to share genetic data?
Zoonoses public health. 55: 2-15.

6. Dundon, W.G,, Milani, A., Cattoli, G., Capua, I.,
(2006) Progressivetruncation of the Non-Structural 1
gene of H7N1 avian influenza viruses following
extensive circulation in poultry. Virus Res. 119: 171-
176.

7. Dundon, W.G, Capua, |. (2009) A Closer Look at the
NS1 of InfluenzaVirus. Viruses. 1: 1057-1072.

8. Greenspan, D., Palese, P, Krystal, M. (1988) Two
nuclear location signalsin the influenza virus NS1
nonstructural protein. JVirol. 62: 3020-3026.

9. Guan, Y., Shortridge, K.F. S, Krauss, R.G., Webster,
R.G. (1999) Molecular characterization of HON2
influenza viruses. were they the donors of the
"internal" genes of H5N1 viruses in Hong Kong?
Proc Natl Acad Sci. USA. 96: 9363-9367.

10.Guo, Y., Li, J., Cheng, X. (1999) Discovery of men
infected by avian influenza A (H9N2) virus.

1JVM (2013), 7(1):23-34



Vasfi Marandi, M.

Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za
Zhi. 13:105-108.

11. Haghighat-Jahromi, M., Asasi, K., Nili, H., Dadras,
H., Shooshtari, A.H. (2008) Coinfection of avian
influenza virus (HON2 subtype) with infectious
bronchitislive vaccine. Arch Virol. 153:651-655.

12.Hale, B.G,, Randall, R.E., Orti'n, J., Jackson, D.
(2008a) The multifunctional NS1 protein of
influenzaA Viruses. JGen Virol. 89: 2359-2376.

13.Hae, B.G, Barclay, W.S., Randall, R.E., Russell, R.J.
(2008b) Structure of an avian influenza A virus NS1
protein effector domain. Virology. 378: 1-5.

14.Hale, B.G, Batty, |.H., Downes, C.P, Randall, R.E.
(2008c¢) Binding of influenza A virus NS1 protein to
the inter-SH2 domain of p85 suggests a novel
mechanism for phosphoinositide 3-kinase activation.
JBiol Chem. 283: 1372-1380.

15.Hale, B.G, Jackson, D., Chen, Y.H., Lamb, R.A.,
Randall, R.E. (2006) InfluenzaA virus NS1 protein
binds p85b and activates phosphatidylinositol-3-
kinase signaling. Proc Natl Acad Sci USA. 103:
14194-14199.

16.Hawkins, P.T., Anderson, K.E., Davidson, K.,
Stephens, L.R. (2006) Signalling through Class |
PI3Ksin mammalian cells. Biochem Soc Trans. 34:
647-662.

17.1gbal, M., Yaqub, T., Reddy, K., W.McCauley, J.
(2009) Novel Genotypes of HON2 Influenza A
Viruses Isolated from Poultry in Pakistan Containing
NS Genes Similar to Highly Pathogenic H7N3 and
H5N1 Viruses. PLosOne. 4: e5788.

18. Jackson, D., Hossain, M.J., Hickman, D., Perez,
D.R., Lamb, R.A. (2008) A new influenza virus
virulence determinant: the NS1 protein four C-
terminal residues modulate pathogenicity. Proc Natl
Acad Sci USA. 105: 4381-4386.

19.Kendal, A.P, Pereira, M.S., Skehel, J.J. (1988)
Concepts and Procedures for Laboratory-Based
Influenza Surveillance. US department of health and
human services. Public health service, centers for
disease control, Atlanta, Georgia, USA.

20.Lee, C.W., Song, C.S., Lee, Y.J., Mo, I.P, Garcia
M., Suarez, D.L., et al. (2000) Sequence analysis of
the hemagglutinin gene of HIN2 Korean avian
influenza viruses and assessment of the pathogenic
potential of isolate M S96. Avian Dis. 44: 527-35.

21.Long, J.X., Peng, D.X., Liu,Y.L., Wu, Y.T., Liu,
X.F. (2008) Virulence of H5N1 avian influenzavirus

1JVM (2013), 7(1):23-34

Iranian Journal of Veterinary Medicine

enhanced by a 15-nucleotide deletion in the viral
nonstructural gene. Virus Genes. 36: 471-478.

22.Ludwig, S., Schultz, U., Mandler, J., Fitch, W.M.,
Scholtissek, C. (1991) Phylogenetic relationship of
the nonstructural (NS) genes of influenzaA viruses.
Virology. 183: 566-577.

23.Lye, D.C., Nguyen, D.H., Giriputro, S., Anekthananon,
T., Eraksoy, H., Tambyah, PA. (2006) Singapore.
Med J. 47: 471.

24. Macken, C.A., Webby, R.J., Bruno, W.J. (2006)
Genotype turnover by reassortment of replication
complex genes from avian influenzaA virus. JGen
Virol. 87: 2803-2815.

25.Marion, R.M., Aragon, T., Beloso, A., Nieto, A.,
Ortin, J. (1997a) The N-terminal half of theinfluenza
virusNS1 protein issufficient for nuclear retention of
mMRNA and enhancement of viral mRNA translation.
NucleicAcids Res. 25: 4271-4277.

26.Matrosovich, M.N., Matrosovich, T.Y., Gray, T.,
Roberts, N.A., Klenk, H.D. (2004) Proc Natl Acad
Sci USA. 101: 4620.

27.Naeem, K., Ullah, A., Manvell, R.J., Alexander,
D.J. (1999) Avian influenza subtype HION2 in poultry
in Pakistan. Vet Rec. 145: 560.

28. Nemeroff, M.E., Barabino, SM., Li,Y., Keller, W.,
Krug, R.M. (1998) Influenza virus NS1 protein
interacts with the cellular 30 kDa subunit of CPSF
and inhibits 39 end formation of cellular premRNAS.
Mol Cell. 1: 991-1000.

29.Nili, H., Asasi, K. (2002) Natural cases and
experimental study of HON2 avian influenza in
commercial broiler chickens of Iran. Avian Pathol.
31: 247-252.

30. Obenauer, J.C., Denson, J., Mehta, PK., Su, X.,
Mukatira, S., Finkelstein, D.B., et al. (2006). Large-
scale sequence analysis of avian influenzaisolates.
Science. 311: 1576-1580.

31. Palese, P, Shaw, M.L. (2007) Orthomyxoviridae: the
viruses and their replication. In: Fields Virology,
Knipe, D.M., Howley, PM. (eds). (5" ed.).
Philadel phia. Lippincott Williams & Wilkins, USA.
p. 1647-16809.

32. Peiris, M. (1999) Influenza A HONZ2: aspects of
laboratory diagnosis. JClin Microbiol. 37: 3426-7.

33. Salvatore, M., Badler, C.F., Parisien, J.P, Horvath,
C.M., Bourmakina, S., Zheng, H., et a. (2002)
Effects of influenzaA virus NS1 protein on protein
expression: the NS1 protein enhances translation and

33



Molecular characterization of non-structural gene...

isnot required for shutoff of host protein synthesis. J
Virol. 76: 1206-1212.

34. Tamura, K., Dudley, J., Nei, M., Kumar, S. (2007)
MEGA4: Molecular Evolutionary Genetics Analysis
(MEGA) software version 4.0. Mol Biol Eval. 24:
1596-9.

35. Treanor, J.J., Snyder, M.H., London, W.T., Murphy,
B.R. (1989) The B allele of the NS gene of avian
influenza viruses, but not the A allele, attenuates a
human influenza A virus for squirrel monkeys.
Virology. 171: 1-9.

36. Vasfi Marandi, M., Bozorgmehri Fard, M.H. (2002)
Isolation of HON2 subtype of Avian Influenza
Viruses during an outbreak in chickens in Iran.
Iranian Biomed. J. 6: 13-17.

37. Webster, R.G,, Bean, W.J., Gorman, O.T., Chambers,
T.M., Kawaoka, Y. (1992) Evolution and ecology of
influenzaA viruses. Microbiol Rev. 56: 152-179.

38.Xu, K.M., Li, K.S,, Smith, GJ,, Li, JW., Tai, H.
(2007) Evolution and molecular epidemiology of
HON2 influenza A viruses from quail in southern
China, 2000 to 2005. JVirol. 81: 2635-2645.

39. Zohari, S., Gyarmati, P, Thoren, P, Czifra, G, Brojer,
C.,Belak, S,, et al. (2008) Genetic characterization of
the NS gene indicates cocirculation of two sub-
lineages of highly pathogenic avian influenzavirus
of H5N1 subtype in Northern Europe in 2006. Virus
Genes. 36: 117-125.

Vasfi Marandi, M.

1JVM (2013), 7(1):23-34



Abstractsin Persian Language

TY=FF D olod eV 053 VAY ¢l o3 b dloeo

2920 1 519laT yug 29 (NS) (Sleis b pue a5 (o 95 g0 anllins
Oyl isS aalS 3100 la HIN2 o el

*

v \ Vo P L, LN
uﬁjg‘u ‘;‘:ANLwJM Aﬁdﬁsj}gwm SHpp APy S w%daww.ﬂlf‘ﬂa

Ol (015 () g oKzl (Ssmals 0 AL €y g (5o (g sl 09 5 ()
Q‘).nl (glj.g.a (Qljg.a NEE N u.(.::f.ﬁlé PRt N ‘L;hlgil.a);f‘,b A‘,)f(Y

(AN ol 0 g ) 2l Gisady « WAN sloslaya V& sallie cdly 5a)

LR

EMS e 331 (gl Yl )3 5000 |y dilis 515 5 alaas gy 5:2S plad )3 ko 61351 5185T o 5 30 s HIN2Z 3 s  drUas dicno
& 500 J 35S 30 HIN2 o o (auseis 5 ol les 10 550 (sl (g5 dndllas 18 sl 03 S5l oyl ysubs canins 531 (glosyas
5 oo O (S5 45 % (NS, NS2) o3l Jol> (sl (NS) (Slotlo o (35 -4l (o0 oo sl (513511
520351 HIN2 Cos s (g1l kasT gl o g o g 5 dalaor NS (45 )15 (g 5 - comol usd STy 103 slvalS Lo yieons
1y aglic pl alaINS (05 £ 158,58 w2350 MalS (glaialimsl s (605521555 JIg5 cagr 31 ¥+ 1+ BIAAA gl JLuo
\‘\Vplﬂiwpq,’;‘u_zj&;l”sa?,pglﬁldhql.\?fww)a.syu*nhwl\’\‘“ 31 T L3NS T (425 0 5 455215 A
25934 lie pl30abaslllas dlird 5 (5600 039790 Sl sl dsla pLSNS T O sSaiisld ol lae bl .39 disalipw!
Yoo A Jlojls lawS LHTNS (sba s o 31 Lo HIN2 Cos s (s NS (45 YV J oyl ascius 5 50 i T 5T 05,5
L0553 LHIN2 (o o (g1l lasT gl w509 4 )51 1 ol puSaseds .61 )8 L S HIN2 (gla s s |
S sl aS AL o y5itS ) iy Jl 01T 05,8 105 VoY Jlojl by oo ki ds Jo ol jis o b 50 le ,5iS 50 S BYAAA L
23 (S5 (Db Jads 0 815 o b 5 15U (puaSTg 4 g Ol 40T 09,8 105 (slney o 3l 0lianl 5 () o i Ty L33 S 0 3315 o0

bl )5S (092 )5 e

2l ¢ ol pad (5 HINZ s 0 5350 15 Tolid T o 5 10 155 503

Email: mvmarand@ut.acir +A\N(XY) #FRTINC s + AN X0V 23251 g5 s dins (0

79



