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Phylogenetic Tree and Antigenic Shift Analysis
of Hemagglutinin Gene of Influenza A Virus in
H5N1 Strains Found in 2005-2007

Abstract

Repon Kumer Saha

This study brings the analysis of phylogenetic tree and amino acid sequences of
Hemagglutinin (HA) from the influenza A virus that can infect a wide variety of birds and

mammals. We have analyzed strains of three different years (2005, 2006 and 2007) of H5N1
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from different country to see the antigenic shift patterns with respect to reported mutant

positions of amino acids. We did not find the exact location where reported mutations are
occurred. But we found similar amino acids near the reported mutated positions but we
found similar mutations around the mutated position that may cause antigenic shifts.
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Background

Avian influenza A virus is playing a key role to the emergence of
human influenza. Recently transmission of Avian Influenza virus
from bird to human has increased in several Asian countries.
Influenza A virus is a member of Orthomyoxoviridae family is
avirulent but it can be virulent by the acquisition of some genetic
features which includes multibasic cleavage sites or glycosylation
sites in the hemagglutinin (HA) gene can infect a wide range of
species includes poultry, humans, horses, swine, quail etc. [1].
The highly pathogenic avian influenza (HPAI, strain type H5N1)
virus has emerged in southern china more than a decade ago
[2]. Among all A/Goose/Guangdong/1/1996 is the precursor of
H5N1 viruses which is established initially in southern China from
1996 to 1999 in domestic geese [3,4]. From the emergence of this
virus it has caused endemic infections in poultry industry in many
Southeast Asian countries [5,6]. In HPAI virus there is a high rate
of nucleotide substitution which is done by RNA virus [7]. RNA
viruses have the higher rate of capability for mutation so that
they can cross the species boundaries and jump to the new host
to emerge new species [8]. It is believed that crossing of species
boundaries require both environmental and appropriate virus
genetics factors to transmission of the virus between species
[9]. Segment 4 hemagglutinin (HA) genes is recognized to be the
most mutable portion responsible for the attachment to the cell
surface which acts as primary target of the host immune response
resulting frequent genetic drift [10]. HPAI virus has the ability to
transmit through both bird and human host contact system [11].
Variants from unique HPAI viruses could cause infection and has
the ability to replicate in humans. Human strains may arise from
some Hong Kong avian H5N1 strains without prior adaptation in
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a mammalian intermediate host [12] Avian virus strains circulate
locally within poultry and wild birds. This virus may be migrated
through the migratory birds to the new geographic regions. It can
be spread by the movement of poultry and poultry products [13].

Avian influenza A consists of two major glycoproteins which are
Hemaglutinin (HA) and Neuraminidase (NA) [14]. HA glycoproteins
are more prone to attach to the cell surface sialic acid receptors.
There is a difference between host surface receptors on the
target cell which is believed to be the possible restrictive factor
of avian influenza. HA gene of avian cell binds to Sia2-3Galactose-
containing receptor which is different from human Sia2-
6Galactose containing receptor [15]. Before functioning as a virus
it needs post translational cleavage by host proteases [16]. HA
followed by NA are important antigenic determinant from which
neutralizing antibodies are directed. There are several subtypes of
HA and NA. 18 different HA subtypes (H1 to H18) and 11 different
NA subtypes (N1 to N11) are found [17]. There is a membrane
protein named M2 protein which regulates the internal P level
of the virus. This membrane protein is responsible for uncoating
the virus during early stages of viral replication [18]. Amantadine
and rimantadine block this function. NA catalyze the cleavage of
glycosidic linkages to sialic acid on the surface of the viral particle
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and host cell thus preventing the aggregation and facilitating
the release of progeny viruses from the infected cell. Antiviral
drugs like Oseltamivir and zanamivir (NA inhibitors) inhibits this
important function are the key to the antiviral treatment.

Transmission pattern of avian influenza A from one bird to
another is poorly understood because of its complexity, huge
number of species among birds and environmental factors. Some
experiments have been done to identify the transmission pattern
and it shows poorer transmission from infected to susceptible
animals [19-21]. Migration process can influence transmission
of viruses. Migratory birds can carry pathogens from country to
country thereby playing a role distributing influenza viruses.

Materials and Methods: Sequence and
Data Source

Data used in this study are obtained using nucleotide BLAST
search from publicly available database of National Centre for
Biotechnology Information (NCBI).Multiple sequence alighments,
editing, assembly of strains were performed in windows platform
with the Geneious program version 7.1.3 (trial). Numbers at
nodes in the tree indicate Neighbor-Joining bootstraps value
generated from 1,000 replicates.

Results and Discussion

In 2005 we have selected total 184 strains of Hemagglutinin (HA)
strain of H5N1 (Figure 1 and Table 1).

In 2006 we have selected total 164 strains of Hemagglutinin (HA)
strain of H5N1 (Figure 2 and Table 2).

In 2007 we have selected total 205 strains of Hemagglutinin (HA)
strain of H5N1 (Figure 3 and Table 3).

From three years we have got some strains which seems to
diverse from our analysis. We did our literature search but we did
not get any information about these diverse strains. So it seems
to us that these strains are not responsible for antigenic shift.
Neighbor joining method and bootstrap value shows that these
diverse strain is showing antigenic drift which may transfer to the
other avian in the same country or other different country as well
through migratory process.

From the phylogenetic tree of 2005 we came to see that all VNM
like viruses formed a cluster. Among them Ck/KH/022LC2b/05
shows 81 bootstrap value with Ck/VNM/NCVD10/05. Number
of bootstrap value is showing the similarities between these
two strains. Strain Ck/KH/022LC2b/05 may be migrated or may
be mutated which can show antigenic drift. Another Hunan like
virus Dk/HN/5106/05 forms a clade with VNM like viruses. This
strain can also show antigenic drift. One Guiyang (GY) virus Ck/
GY/2173/05 shows the genetic similarities with YN like viruses.
Dk/GX/4016/05 and Dk/HN/1608/05 viruses are closely related
to each other as they both are detached from their region
and showing the same bootstrap value 57. One VNM virus
(Dk/VNM/1/05) forming a clade with HB like viruses. Genetic
character of this virus is different from other VNM like viruses as
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this is detached from the cluster of VNM like viruses showing the
antigenic drift.

Phylogenetic tree analysis of 2006 shows that there are few
diverse strains which may show genetic drift. One virus from
Thailand (Ck/THA/NP-172/06) form clade with the GX like viruses.
Two different viruses from two different area (CMg/HK/645/06
and Gs/YN/1143/06) are closely related to each other. They
have the same bootstrap value. One QH like virus (BHGs/QH/1-
HVRI/06) forming a clade with Turkey (TR) like viruses. Another
Israel (IL) like virus (Ck/IL/397/06) forming a clade with Egypt (EG)
like viruses. In 2006 there are almost 50 Nigeria (NGA) like viruses
we have analyzed. But these viruses had not shown any genetic
drift. They are forming different clades between them. Viruses
from other countries like Egypt (EG), Qinghai (QH), Guangxi (GX),
Thailand (THA), Combodia (KH) does not show any genetic drift.

In 2007 we did not see any genetic drift except one. One virus
from Bantul (BT) (Dk/BT/BBVW-949-2D362/07) is closely related
to the Badung (BDG) (Ck/BDG/BBVD-532/07) like virus. They
show the same bootstrap value.

Our target is to identify the antigenic shift pattern from avian
to human species. Analysis with amino acid (AA) shows the
most specific way to identify the antigenic shift. For this we will
combine the amino acid sequence of all these three years (2005,
2006, and 2007). After combining we had run alignment using
ClustalW. It took almost 12 hours to complete.

The molecular mechanisms that enable avian influenza viruses to
cross the species barrier and transmit efficiently in humans are
incompletely understood. Some experiments have been done to
identify the transmission pattern and it shows poorer transmission
from infected to susceptible animals [22-24]. Migration process
can influence transmission of viruses. Migratory birds can
carry pathogens from country to country thereby playing a
role distributing influenza viruses. Avian influenza A consists
of two major glycoproteins which are Hemagglutinin (HA) and
NeURAMINIDASE (NA) [25]. HA GLYCOPROTEINS ARE MORE PRONE
TO ATTACH TO THE CELL SURFACE SIALIC ACID RECEPTORS. THERE IS A
DIFFERENCE BETWEEN HOST SURFACE RECEPTORS ON THE TARGET CELL
WHICH IS BELIEVED TO BE THE POSSIBLE RESTRICTIVE FACTOR OF AVIAN
INFLUENZA.

HUMAN INFECTIONS ARE PERIODIC. IN SOME CASES THESE VIRUSES ARE
ACCOMPANIED BY HIGH MORTALITY. AS A RESULT THEY ARE THE MAJOR
CONCERN ABOUT THE POTENTIAL H5N1 AS AN ENDEMIC VIRUS.

ALTHOUGH HUMAN INFECTIONS ARE SPORADIC, THEY ARE ACCOMPANIED
BY HIGH MORTALITY, RAISING MAJOR CONCERNS ABOUT THE POTENTIAL
OF H5N1 As A PANDEMIC VIRUS [26]. FORTUNATELY, H5N1 VIRUSES
HAVE NOT YET NATURALLY ACQUIRED THE ABILITY TO STABLY TRANSMIT
BETWEEN HUMANS [27,28]. ONE FACTOR THAT LIMITS TRANSMISSION
OF AVIAN VIRUSES IN HUMANS IS THE RECEPTOR SPECIFICITY OF
THE HEMAGGLUTININ (HA) [29]. AVIAN VIRUSES, LIKE H5N1,
PREFERENTIALLY BIND TO A2, 3 SIALOSIDES (AVIAN-TYPE RECEPTORS),
WHEREAS HUMAN VIRUSES PREFER A2, 6 SIALOSIDES (HUMAN-TYPE
RECEPTORS THAT ARE FOUND IN THE HUMAN RESPIRATORY TRACT).

Before functioning as a virus it needs post translational cleavage
by host proteases [30]. HA followed by NA are important
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Table 1 List of diverse strains from our analysis of 2005 are given
below.

Accession number Strain name
DQ992752 Ck/GY/2173/05
HQ664946 Ck/KH/022LC2b/05
DQ992726 Dk/GX/4016/05
DQ320912 Dk/HN/1608/05
DQ992787 Dk/HN/5106/05
DQ366306 Dk/VNM/1/05

antigenic determinant from which neutralizing antibodies are
directed. There are several subtypes of HA and NA. 18 different
HA subtypes (H1 to H18) and 11 different NA subtypes (N1 to
N11) are found [31].

In humans, the SAa2, 6 Gal receptor is expressed mainly in the
upper airway, while the SAa2, 3 Gal receptor is expressed in
alveoli and the terminal bronchiole [32]. A virus with good affinity
to both SAa 2, 3 Gal and SAa2, 6 Gal receptors may be a very
dangerous one, which could both infect efficiently via its binding
to Saa2, 6Gal in the upper airway and cause severe infection in
the lung via its binding to Saa2, 3Gal.

Data used in this study are obtained inside using nucleotide BLAST
search from publicly available database of National Centre for
Biotechnology Information (NCBI). Multiple sequence alighments,
editing, assembly of strains were performed in windows platform
with the Geneious program version 7.1.3 (trial).

In this study we will analyze some avian hemagglutinin (H5N1)
of different years. Analysis includes building nucleotide sequence
and translating them into amino acid sequence. Then we will
study amino acid positions with respect to some reported
mutation to see the genetic pattern. After analyzing we will try
to find out whether there are any similarities between avian and
human or not. There are some reported avian H5N1 strains that
affect human which are A/Goose/Hong Kong/739.2/2002 [33], A/
duck/Egypt/D1Br12/2007 [34], A/Duck/Singapore/3/97 [35], A/
egret/Egypt/1162/2006 [36]. All of these strain show preferential
binding to Siaa (2, 6) Gal receptor that can infect a human. Few
specific positions of amino acids are responsible for this binding.

We found some avian amino acid position Q222L [35], G224S
(35), S227N [33], Q192H [34] are specific to SAa 2, 3 Gal receptor
which has a previous reported history to affect human. On the
other hand there are some avian amino acid position S227N
[33,37], Q192H [34], N186K [37], Q196R [36], N182K [38],
Q192R [38], S223N [39], G228S [36,40] are specific to SAa2,
6 Gal receptor which has a previous reported history to affect
human. In our avian H5N1 analysis we did not find the exact
location where reported mutations are occurred. But we found
similar amino acid near the reported mutated position. We have
analyzed around (before and after the mutation point) twenty
positions with respect to the reported mutation point.

Here are the summary of some reported position which can be
responsible for antigenic shift from avian to human (Tables 4 and 5).

Analysis of our study data with respect to reported mutation
point to see the antigenic shift pattern of avian H5N1 (Table 6).
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In case of S227N (Ser-227-Asn) reported position, we found
amino acid Proline (P) in our software (Geneious). We found
two mutations here, Proline (P) to Arginine (R) in two strains
and Proline (P) to Alanine (A) in one strain. We found amino acid
Serine (S) in two positions (215 and 219) which are located
within twenty positions before 227. In these two positions
there are no mutations. We have also found that, there is
Serine (S) in two positions (233 and 239) which are located
within twenty positions after 227. We found S233P mutation
in three strains which indicates that polarity is changed from
polar to non-polar as Serine (S) is Polar and Proline (P) is non-
polar.

In case of Q192H (GIn-192-His) reported position, we found
amino acid Tryptophan (W) in our software (Geneious). We
found amino acid Glutamine (Q) in one position (185) which is
located within twenty positions before 192. We found Q185R
mutation in three strains, Q185H in two strains and Q185K in
two strains. Here polarity is changed from Polar to positive
electrically charged amino acid as Lysine (K), Histidine (H),
Arginine (R) is positive electrically charged. We have also
found that, there is Glutamine (Q) in two positions (203 and
208) which are located within twenty positions after 192. We
found no mutation here.

In case of N186K (Asn-186-Lys) reported position, we found
Glutamic acid (E) in our software (Geneious). We found
Glutamic acid (E) in five positions (170, 171, 181, 182 and
184) which are located within twenty positions before 186.
We found N170D mutation in numerous strains, N171S/D
in numerous strains, N181T in two strains. We will not give
importance to mutation in numerous mutations in one position
as these are common and are not responsible for virulence.
Here Polarity is not changed in case of N181T. We have also
found that, there is Glutamic acid (E) in two positions (184
and 198) which are located within twenty positions after 186.
We found N198K mutation in two strains and N198S in one
strain which indicates that polarity is changed from polar to
positively electrically charged Lysine (K) in case of N198K.

In case of N182K (Asn-182-Lys) reported position, we found
Asparagine (N) in our software (Geneious). We found
Asparagine (N) in four positions (162, 170, 171 and 181)
which are located within twenty positions before 182. We
found N170G in five strains, N171G in one strain and N181T in
two strains. Here polarity is changed from Polar to non-polar
amino acid as Glycine (G) is non-polar. We have also found
that, there is Asparagine (N) in two positions (184 and 198)
which are located within twenty positions after 182. We found
N184D mutation in one strain, N184S mutation in one strain,
N198S in one strain and N198K in two strains which indicates
that polarity is changed from polar to negative electrically
charged Aspartic acid (D), positive electrically charged Lysine
(K) in case of N184D and N198K respectively.

In case of Q192R (GIn-192-Arg) reported position, we found
Tryptophan (W) in our software (Geneious). We found
Tryptophan (W) in one position (185) which is located within
twenty positions before 192. We found Q185K in two strains,
Q185R in three strains and Q185H in two strains. Here polarity
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Table 2 List of diverse strains from our analysis of 2006 are given
below.

Accession number Strain name

HM172085 BHGs/QH/1-HVRI/06
EF532626 Ck/1L/397/06
DQ999872 Ck/THA/NP-172/06
DQ992839 CMg/HK/645/06
DQ992815 Gs/YN/1143/06

is changed from Polar to positive electrically charged amino
acid as Lysine (K), Histidine (H), Arginine (R) is positive electrically
charged. We have also found that, there is Tryptophan (W) in two
positions (203 and 208) which are located within twenty positions
after 192.We found no mutation here.

In case of S223N (Ser-223-Asn) reported position, we found
Glutamine (Q) in our software (Geneious). We found Glutamine
(Q) in two positions (215 and 219) which is located within twenty
positions before 223. We found no mutations here. We have also
found that, there is Glutamine (Q) in two positions (233 and 239)
which are located within twenty positions after 223. We found
S$233P mutation in three strains which indicate that polarity is
changed from polar to non-polar as Proline (P) non-polar.

In case of G228S (Gly-228-Ser) reported position, we found
amino acid Lysine (K) in our software (Geneious). We found two
mutations here, Lysine (K) to Glutamic acid (E) in one strain and
Lysine (K) to Asparagine (N) in one strain. We found Glycine (G)
in one position (217) which is located within twenty positions
before 228. We found no mutations here. We also found Glycine
(G) in two positions (237 and 240) which is located within twenty
positions before 228. We also found no mutations here.

In case of Q226L (GIn-226-Leu) reported position, we found
amino acid Valine (V) in our software (Geneious). We found
two mutations here, Valine (V) to Glutamic acid (E) in one strain
and Valine (V) to Alanine (A) in one strain. We found Valine (V)
in one position (208) which is located within twenty positions
before 226. We found no mutations here. We also found Valine
(V) in one position (238) which is located within twenty positions
before 226. We also found no mutations here.

In case of Q196R (GIn-196-Arg) reported position, we found
amino acid Histidine (H) in our software (Geneious). We found
amino acid Glutamine (Q) in one position (185) which is located
within twenty positions before 196. We found Q185R mutation
in three strains, Q185H in two strains and Q185K in two strains.
Here polarity is changed from Polar to positive electrically
charged amino acid as Lysine (K), Histidine (H), Arginine (R) is
positive electrically charged. We have also found that, there is
Glutamine (Q) in two positions (203 and 208) which are located
within twenty positions after 196. We found no mutation here.

In case of S227N (Ser-227-Asn) reported position, we found amino
acid Proline (P) in our software (Geneious) (Table 7). We found
two mutations here, Proline (P) to Arginine (R) in two strains
and Proline (P) to Alanine (A) in one strain. We found amino acid
Asparagine (N) in two positions (209 and 222) which are located
within twenty positions before 227. We found N209R mutation
in one strain and N222D in one strain. Here polarity is changed
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from Polar to positive electrically charged amino acid Arginine (R)
and negative electrically charged Aspartic acid (D). We have also
found that, there is Asparagine (N) in one position (236) which is
located within twenty positions after 227. We found no mutation
here.

In case of Q192H (GIn-192-His) reported position, we found
amino acid Tryptophan (W) in our software (Geneious). We found
no Histidine (H) which is located within twenty positions before
192. But we found Histidine (H) in two positions (195 and 196)
which are located within twenty positions after 192. We found
no mutation here.

In case of N186K (Asn-186-Lys) reported position, we found
Glutamic acid (E) in our software (Geneious). We found amino
acid Lysine (K) in two positions (168, 169) which are located
within twenty positions before 186. We found K168N mutation
in two strains, K169R in one strain. Here Polarity is changed from
positive electrically charged to polar Asparagine (N) in case of
K168N. We did not find any Lysine (K) which is located within
twenty positions after 186.

In case of N182K (Asn-182-Lys) reported position, we found
Asparagine (N) in our software (Geneious). We found Asparagine (N)
in two positions (168, 169) which are located within twenty positions
before 182. We found K168N in two strains and K169R in one strain.
Here polarity is changed from positive electrically charged to polar
Asparagine (N) in case of K168N. We did not found any Asparagine
(N) which is located within twenty positions after 182.

In case of Q192R (GIn-192-Arg) reported position, we found
Tryptophan (W) in our software (Geneious). We found Arginine
(R) in one position (178) which is located within twenty positions
before 192. We found R178V in three strains. Here polarity is
changed from positive electrically charged to non-polar amino
acid Valine (V). We have also found that, there is Arginine (R) in
one position (205) which is located within twenty positions after
192. We found R205G in one strain. Here polarity is changed from
positive electrically charged to non-polar amino acid Glycine (G).

In case of S223N (Ser-223-Asn) reported position, we found
Glutamine (Q) in our software (Geneious). We found Asparagine
(N) in two positions (209 and 222) which is located within twenty
positions before 223. We found N209R in one strain and N222D in
one strain. Here polarity is changed from polar to both positively
charged amino acid Arginine (R) and negatively charged Aspartic
acid (D). We have also found that, there is Asparagine (N) in one
position (236) which is located within twenty positions after 223.
We found no mutation here.

In case of G228S (Gly-228-Ser) reported position, we found
amino acid Lysine (K) in our software (Geneious). We found two
mutations here, Lysine (K) to Glutamic acid (E) in one strain and
Lysine (K) to Asparagine (N) in one strain. We found Serine (S)
in two positions (215 and 219) which is located within twenty
positions before 228. We found no mutations here. We have also
found Serine (S) in two positions (233 and 239) which is located
within twenty positions before 228. We found S233P in three
strains. Here polarity is changed from polar to non-polar amino
acid Proline (P).

: www.transbiomedicine.com
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In case of Q226L (GIn-226-Leu) reported position, we found
amino acid Valine (V) in our software (Geneious). We found two
mutations here, Valine (V) to Glutamic acid (E) in one strain and
Valine (V) to Alanine (A) in one strain. We found Leucine (L) in
three positions (206, 221 and 225) which is located within twenty
positions before 226. We found L206! in four strains, L225S in two
strains, L225F in one strain, L225M in one strain. Here polarity
is changed from non-polar to polar Serine (S) in case of L225S.
We found no Leucine (L) which is located within twenty positions
before 226.

In case of Q196R (GIn-196-Arg) reported position, we found
amino acid Histidine (H) in our software (Geneious). We found
amino acid Arginine (R) in one position (178) which is located
within twenty positions before 196. We found R178V mutation in
three strains. Here polarity is changed from positive electrically
charged amino acid to non-polar amino acid Valine (V). We have
also found that, there is Arginine (R) in one position (205) which
is located within twenty positions after 196. We found R205G
in one strain. Here polarity is changed from positive electrically
charged amino acid to non-polar amino acid Glycine (G).

In case of Q222L (GIn-222-Leu) reported position, we found
amino acid Asparagine (N) in our software (Geneious) (Table 8).
We found one mutation here, Asparagine (N) to Aspartic acid (D)
in one strain. We found amino acid Glutamine (Q) in two positions
(203 and 208) which is located within twenty positions before
222. We found no mutation here. We have also found Glutamine

Table 3 List of diverse strains from our analysis of 2007 are given
below.

Strain name
Dk/BT/BBVW-949-2D362/07

Accession number
CY091946

Table 4 Reported a 2, 6 receptor specific avian amino acid position
with mutation that can affect human.

Amino acid mutation Amino acid in

position with Short form  Geneious in reported
reference position
Ser-227-Asn [33,37] S227N P
GIn-192-His [34] Q192H W
Asn-186-Lys [37] N186K E
GIn-196-Arg [36] Q196R H
Asn-182-Lys [38] N182K N
GIn-192-Arg [38] Q192R W
Ser-223-Asn [39] S223N Q
Gly-228-Ser [40,36] G228S K
GIn-226-Leu [36] Q226L Vv

Table 5 Reported a 2, 3 Receptor specific avian amino acid
position with mutation that can affect human.

Amino acid mutation Amino acid in

position with Short form Geneious in reported
reference position
GIn-222-Leu [35] Q222L N
Gly-224-Ser [35] G224S R
Ser-227-Asn [33,37] S227N P
GIn-192-His [34] Q192H W
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(Q) in two positions (223 and 238) which is located within twenty
positions after 222. We found no mutation here.

In case of G224S (Gly-224-Ser) reported position, we found amino
acid Arginine (R) in our software (Geneious). We found one
mutation here, Arginine (R) to Lysine (K) in two strains. We found
amino acid Glycine (G) in one position (217) which is located
within twenty positions before 224. We found no mutation here.
We have also found Glycine (G) in two positions (237 and 240)
which is located within twenty positions after 224. We found no
mutation here.

In case of S227N (Ser-227-Asn) reported position, we found
amino acid Proline (P) in our software (Geneious). We found
two mutations here, Proline (P) to Arginine (R) in two strains
and Proline (P) to Alanine (A) in one strain. We found amino
acid Serine (S) in two positions (215 and 219) which are located
within twenty positions before 227. In these two positions there
are no mutations. We have also found that, there is Serine (S)
in two positions (233 and 239) which are located within twenty
positions after 227. We found S233P mutation in three strains
which indicates that polarity is changed from polar to non-polar
as Serine (S) is Polar and Proline (P) is non-polar.

In case of Q192H (GIn-192-His) reported position, we found
amino acid Tryptophan (W) in our software (Geneious). We
found amino acid Glutamine (Q) in one position (185) which is
located within twenty positions before 192. We found Q185R
mutation in three strains, Q185H in two strains and Q185K in two
strains. Here polarity is changed from Polar to positive electrically
charged amino acid as Lysine (K), Histidine (H), Arginine (R) is
positive electrically charged. We have also found that, there is
Glutamine (Q) in two positions (203 and 208) which are located
within twenty positions after 192. We found no mutation here.

In case of Q222L (GIn-222-Leu) reported position, we found
amino acid Asparagine (N) in our software (Geneious) (Table 9).
We found one mutation here, Asparagine (N) to Aspartic acid (D)
in one strain. We found amino acid Leucine (L) in two positions
(206 and 221) which is located within twenty positions before
222. We found L206I in four strains. Here polarity is not changed.
We have also found Leucine (L) in one position (225) which is
located within twenty positions after 222. We found L225M in
one strain, L225F in one strain and L225S in two strains. Here
polarity is changed from non-polar to polar Serine (S) in case of
L225S.

In case of G224S (Gly-224-Ser) reported position, we found
amino acid Arginine (R) in our software (Geneious). We found
one mutation here, Arginine (R) to Lysine (K) in two strains.
We found amino acid Serine (S) in two positions (215 and 219)
which is located within twenty positions before 224. We found
no mutation here. We have also found Serine (S) in two positions
(233 and 239) which is located within twenty positions after 224.
We found S233P in three strains. Here polarity is changed from
polar to non-polar Proline (P).

In case of S227N (Ser-227-Asn) reported position, we found
amino acid Proline (P) in our software (Geneious). We found
two mutations here, Proline (P) to Arginine (R) in two strains
and Proline (P) to Alanine (A) in one strain. We found amino acid
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Table 6 Correlation of Reported a 2, 6 receptor specific avian amino acid position with our experimental strain, and their mutation
pattern (exact and around twenty positions): Original amino acid analysis.

Exact AA which matches with the

Reported AA with mutation point AA in Geneious in reported position reported data with respect to specific

S227N

Q192H

N186K

N182K

Q192R

S223N

G228S

Q226L

Q196R

mutation point (before 20 positions)

P227R (2) S215
P227A (1) $219
Q185R (3)
Q185H (2)
wisz Q185K (2)
Polar to + electrically Charged (K, H, R)
N170G (5)
Polar to Nonpolar
E186 N181T (2)
N182
N184
N162
N170G (5)
N182 N171G (1)
Polar to Nonpolar (G)
N181T (2)
Q185K (2)
Q185R (3)
wisz Q185H (2)
Polar to + electrically Charged (K, R, H)
Q215
Q223 Q219
K228E (1)
K228N (1) G217
K228? (1)
V226E (1)
V226A (1) QZRe
Q185K (2)
Q185R (3)
H196 Q185H (2)

Polar to + electrically
Charged (K, R, H)

Exact AA which matches with the
reported data with respect to
specific mutation point (after 20
positions)

S233P (3)

Polar to Nonpolar
S239

Q203
Q208

N184
N198K (2)
Polar to + electrically Charged (K)
N198S (1)

N184D (1)

Polar to — electrically Charged (D)
N184S (1)
N198K (2)

Polar to + electrically Charged (K)
N198S (1)

Q203
Q208

S233P (3)
Polar to Nonpolar (P)
S$239

G237
G240

Q238

Q203
Q208

Table 7 Correlation of Reported a 2, 6 receptor specific avian amino acid position with our experimental strain, and their mutation
pattern (exact and around twenty positions): Mutated amino acid analysis.

Reported AA with mutation point AA in Geneious in reported position

S227N

Q192H

N186K

N182K

Exact AA which matches with the
reported data with respect to
specific mutation point (before 20
positions)

N209R (1)

Polar to + electrically
Charged (R)

N222D (1)

Polar to - electrically
Charged (D)

P227R (2)
P227A (1)

W192

K168N (2)

+ electrically Charged to polar (N)
K169R (1)
K168N (2)

+ electrically Charged to polar (N)
K169R (1)

E186

N182

© Under License of Creative Commons Attribution 3.0 License

Exact AA which matches with the
reported data with respect to
specific mutation point (after 20
positions)

S236

Q195
Q196
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i w192 R178V (3) R205G (1)
+ electrically Charged to Nonpolar = + electrically Charged to Nonpolar
(V) (G)
N209R (1)
Q223 Polar to + electrically Charged (R)
2] N222D (1) 236
Polar to - electrically Charged (D)
K228E (1) G215 S233P (3)
G228S K228N (1) G219 Polar to Nonpolar (P)
G239
L206I (4)
Q221
L225S (2)
Q226L \\Z;gi 8; Nonpolar to Polar (S)
L225F (1)
L225M (1)
Q196R H196 R178V (3) R205G (1)
+ electrically Charged to Nonpolar = + electrically Charged to Nonpolar
(V) (G)

Table 8 Correlation of Reported a 2, 3 receptor specific avian amino acid position with our experimental strain, and their mutation
pattern (exact and around twenty positions): Original amino acid analysis.

Exact AA which matches with the
reported data with respect to
specific mutation point (after 20

Exact AA which matches with the
Reported AA with mutation point AA in Geneious in reported position reported data with respect to specific
mutation point (before 20 positions)

positions)

Q203 Q223

Q222L N222D (1) v v

G237

G224S R24K (2) G217 G240
S227N ey 5215 Polar fozst:;S:))lar (P)

P227A (1) $219 S

e 0203

Q192H W192 Q185H (2) Q208

Polar to + electrically Charged (K, R, H)

Table 9 Correlation of Reported a 2, 3 receptor specific avian amino acid position with our experimental strain, and their mutation
pattern (exact and around twenty positions): Mutated Amino Acid analysis.
Exact AA which matches with the

reported data with respect to specific
mutation point (before 20 positions)

Exact AA which matches with the reported data with respect to

PR AR D - AR R ers i specific mutation point (after 20 positions)

mutation point  reported position

L2061 (4) L225M (1)
Q2221 Nonpolar to Nonpolar (1) L225F (1)
N222D (1) Q221 L2255 (2)
Nonpolar to Polar (S)
S233P (3)
G215
G224S Polar to Nonpolar (P)
R224K (2) G219 6239
N209R (1)
$227N P227R (2) Polar to + electrically Charged (R) S236
P227A (1) N222D (1)
Polar to - electrically Charged (D)
Q195
Q192H W192 Q196
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Asparagine (N) in two positions (209 and 222) which are located
within twenty positions before 227. We found N209R mutation
in one strain and N222D in one strain. Here polarity is changed
from Polar to positive electrically charged amino acid Arginine (R)
and negative electrically charged Aspartic acid (D). We have also
found that, there is Asparagine (N) in one position (236) which is
located within twenty positions after 227. We found no mutation
here.

© Under License of Creative Commons Attribution 3.0 License
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In case of Q192H (GIn-192-His) reported position, we found
amino acid Tryptophan (W) in our software (Geneious). We found
no Histidine (H) which is located within twenty positions before
192. But we found Histidine (H) in two positions (195 and 196)
which are located within twenty positions after 192. We found
no mutation here.
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