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ABSTRACT
Comparative genomics of H5N1 virus will help to analyze the evolution of subtypes of Influenza A viruses
and to know the differences in their genes and surface proteins which could be useful in understanding their mode
of action. In this study we have compared all gene segments and proteins of H5N1 with other types of influenza-A
viruses such as H1N1, H2N2, H3N2 and H9N2.The comparative analysis revealed that H5N1 was phylogenetically
closer to H9N2. Homology percentages of eight genes of H1N1, H2N2, H3N1, H5N1 and H9N2 were calculated.
Average homology of genes of aligned segments in subtypes of H5N1, H9N1 was found to be 81.5%.
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INTRODUCTION
An influenza pandemic is a global outbreak of disease that occurs when a new influenza
A virus appears or “emerges” in the human population, causes serious illness, and then spreads
easily from person to person worldwide [1]. Past influenza pandemics have led to high levels of
illness, death, social disruption, and economic loss [2]. Influenza viruses come under the class of
orthomyxo-viridae family, having a single stranded negative sense, segmented RNA genome in
an enveloped virian [3].There are three types of Influenza viruses: A, B and C, differentiated by
antigenic differences in their nucleoprotein and matrix protein. The genome of influenza
consists 8 RNA segments and encodes 10 proteins including the internal structural proteins,
nucleocapsid protein (NP), and the two matrix proteins (M1 & M2). The segmented nature of
the genome also allows for the exchange of entire genes between different viral strains when
they cohabitate the same cell [4].
The surface proteins hemagglutinin (HA) and neuraminidase (NA) extensively studied
that are essential to the virus life cycle and the antigenic variations in the surface glycoproteins
are used to subtype influenza A [5]. In addition, three of the influenza polypeptides are
associated with RNA polymerase activity (PA, PB1, and PB2). The RNA binding non-structural
protein (NS) contributes to viral pathogenicity and plays a central role in the prevention of
interferon mediated antiviral response [6].
The H5N1 virus, an avian influenza virus (Bird flu) can cause illness in many species
including humans by undergoing the process of Antigenic shift in some intermediate host,
generally a pig or chicken[7]. H5N1 can be considered as a pandemic threat as it can move
from areas where it is endemic to other parts of the world through migrating water fowl[8].
H5N1virus has mutated through antigenic drift into dozens of highly pathogenic varieties, but
all currently belonging to genotype Z of avian influenza virus H5N1[9-10].
This infection of humans coincided with an epizootic (an epidemic in nonhumans) of
H5N1 influenza in Hong Kong’s poultry population and was capable of emerging in to a
panzootic disease [11]. Populations tend to have more resistance to influenza B and C, because
they only undergo antigenic drift and have more similarity with previous strains[12]. Sixteen H
subtypes and nine N subtypes have been identified for influenza A virus. Only one H subtype
and one N subtype have been identified for influenza B virus. The most common antigenic
variants of influenza A virus are H1N1 and H3N2 [13].
This study consists of comparing all the gene segments and some important proteins of
H5N1 virus with other types of Influenza A viruses like H1N1, H2N2, H3N2 and H9N2.
Comparative genomics of H5N1 virus will help to analyze the evolution of these subtypes and to
understand the differences in their genes and surface proteins which could be useful to
comprehend their mode of action and genetic drifts among these viruses.
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METHODS
Data Mining
All the gene sequences and amino acid sequences of all proteins of H5N1, H1N1, H2N2,
H3N2 and H9N2 should be collected from the NCBI Public Database, which is maintaining a
separate public genome and proteome database for all the Influenza viruses’ i.e. A, B and C
types of Influenza viruses. All the subtypes studied in our project work belong to Influenza A
virus. All the genes should be sorted according to their corresponding virus subtypes[14].
Comparative study of genes and amino acid sequences
The analyzed genes and proteins should be compared to have a basic idea of their
evolution and know the differences in their genes and proteins and how these differences are
responsible for the change in their virulence or pathogenicity. By that we can know in which
aspects H5N1 is different from other subtypes and which aspects it is similar. This comparative
study was done using various tools available in JEMBOSS like PLOTCON, Pretty plot, Clustal W,
BLAST P, BLAST N[15-17].
Phylogenetic analysis:
The phylogenetic analysis of the various subtypes of Influenza A virus will give the idea
of ancestral relationships among the subtypes. The phylogenetic analysis of the 5 subtypes
selected in our study sophisticated tool like NJplot (Neighbor Joining plot) used for a better
understanding. Using this tool phylogenetic tree can be constructed for all the eight gene
segments of the selected 5 subtypes.
RESULTS AND DISCUSSION
Multiple alignments of gene segments of Influenza-A subtypes
The eight genes of H1N1, H2N2, H3N1, H5N1 and H9N2 have been aligned by using the
multiple alignment tool Clustal W and their percentage of homology is presented in Table (1).
Based on homology percentages it was observed that H5N1 showed highest similarity with
H9N2.The similarity regions of nucleotides in segment 2 of H1N1, H2N2, H3N2, H5N1 and H9N2
were analyzed by Pretty plot and was found that segment-2 0f H5N1 similar to H9N2 (figure
1).The aligned regions of these gene segments were merged using Plotcon for identification of
conserved regions. Earlier it was reported as 87 conserved regions were identified in the
influenza genome and in avian host strains, the segments NS, M show the most conservation
(94.5%), followed by the PB1, NP, PA, and finally the PB2 segment. In the swine strains the M
segment shows the most conservation followed by the segments NP, PB2, PA, and finally
PB1[18].
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Table 1: Percentage homology of all the eight genes of H1N1, H2N2, H3N1, H5N1 and H9N2 calculated using
Clustal W (1.82)
Aligned Subtypes
H1N1 : H2N2
H1N1 : H3N2
H1N1 : H5N1
H1N1 : H9N2
H2N2 : H3N2
H2N2 : H5N1
H2N2 : H9N2
H3N2 : H5N1
H3N2 : H9N2
H5N1 : H9N2

PB2
92 %
89 %
83 %
83 %
93 %
83 %
83 %
83 %
82 %
87 %

PB1
83 %
82 %
83 %
83 %
89 %
90 %
88 %
86 %
86 %
93 %

Percentage homology of genes
PA
HA
NP
NA
93 %
70 %
91 %
55 %
89 %
58 %
87 %
60 %
85 %
66 %
86 %
81 %
85 %
63 %
84 %
57 %
93 %
60 %
92 %
88 %
84 %
71 %
84 %
56 %
83 %
63 %
82 %
84 %
83 %
58 %
83 %
56 %
82 %
59 %
81 %
82 %
90 %
63 %
94 %
60 %

Avg.(%)
M
94 %
92 %
90 %
88 %
94 %
89 %
88 %
87 %
87 %
92 %

NS
92 %
89 %
74 %
89 %
93 %
72 %
87 %
75 %
85 %
73 %

83.7
80.7
81.0
79.0
87.7
78.6
82.2
76.4
80.5
81.5

The nucleotide sequences of all segments of influenza-A virus subtypes similar regions
were aligned by Clustal W. Based on the aligned regions of virus subtypes, it was found that
segment-6 of H5N1 showed maximum similarity with H1N1, where as other segments (2, 3, 4,
5, 7 and 8) showed similarity with H9N2 (figure 2).

a. Segment-2

b. Segment-3
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c. Segment-4

d. Segment-5

e. Segment-6

f. Segment-7
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g. Segment-8
Figure 2: Multiple Sequence alignments of different segments i.e. seg-2 to seg- 8 (a to g) of subtypes (H2N2,
H5N1, H1N1, H3N1 and H9N2) of influenza-A virus. In H5N1 all the segments shows maximum aligned regions
with H9N2, except segment -6 of H5N1 and it shows more aligned regions with H1N1.

Phylogenetic Analysis of Segments of Subtypes of Influenza-A
The gene segment-2 of H5N1 shows close resemblance compared with segment -2 of
H9N2.The influenza-A subtypes of H2N2 and H5N1 are closely related and the cluster of gene
segments -2 of H1N1 and H9N2 is distantly related compared with H3N2 as shown in figure
(3).The unrooted phylogenetic tree of segment 3 in the selected five subtypes of Influenza A
virus presented in figure (4 & 5). There is no common ancestor for all the third segments and it
clearly shows the close resemblance between H5N1 and H9N2. The phylogenetic tree of
segment 4 in the selected five subtypes of Influenza A virus showed the close resemblance
between H3N2 and H2N2 (figure 6 & 7).The gene segment 5 in the selected five subtypes of
Influenza A virus shows the close likeness between H5N1 and H9N2in figure(8 & 9).
Phylogenetic tree of segment 6 in the selected five subtypes of influenza-A virus reveals close
semblance between H5N1 and H1N1.The cluster of these gene segments are distantly related
to H9N2 as shown in figure(11).The phylogenetic tree analysis of segment 7 and segment-8 in
the selected five subtypes of Influenza A virus shown the close resemblance between H5N1 and
H9N2 (figures 12,13&14).The haemaglutinin of selected subtypes of influenza-A shows close
resemblance between H5N1 and H1N2 (figure 15,16&17). Similarly, neuraminidase of subtypes
of influenza-A reveals close relation between H5N1 and H1N1 (figures 18, 19 & 20).
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Figure 1: Similarity regions of nucleotides in segment 2 of H1N1, H2N2, H3N2, H5N1 and H9N2 by PLOTCON

Figure 3: Phylogenetic tree of segment-2 of H1N1, H2N2, H3N2, H5N1 and H9N2

Figure 4: Similarity regions of nucleotides in segment 3 of H1N1, H2N2, H3N2, H5N1 and H9N2.by PLOTCON

Figure 5: Phylogenetic tree of segment-3 of H1N1, H2N2, H3N2, H5N1 and H9N2
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Figure 6: Similarity regions of nucleotides in segment 4 of H1N1, H2N2, H3N2, H5N1 and H9N2.by PLOTCON

Figure 7: Phylogenetic tree of segment- 4 of H9N2, H3N2, H5N2, H2N2, and H2N2

Figure 8: Similarity regions of nucleotides in segment 5 of H1N1, H2N2, H3N2, H5N1 and H9N2.by PLOTCON

Figure 9: Phylogenetic tree of segment- 5 of H1N1, H2N2, H3N2, H5N1 and H9N2
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Figure 10: Similarity regions of nucleotides in segment 6 of H1N1, H2N2, H3N2, H5N1 and H9N2.by PLOTCON

Figure 11: Phylogenetic tree of segment- 6 of H1N1, H2N2, H3N2, H5N1 and H9N2

Figure 12: Similarity regions of nucleotides in segment 7 of H1N1, H2N2, H3N2, H5N1 and H9N2.by PLOTCON

Figure 13: Phylogenetic tree of segment- 7 of H1N1, H2N2, H3N2, H5N1 and H9N2
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Figure 14: Similarity regions of nucleotides in segment- 8 of H2N2, H5N1, H1N1, H3N1 and H9N2 by PLOTCON

Figure 15: Phylogenetic tree of segment- 8 of H2N2, H5N1, H1N1, H3N1 and H9N2

Figure 16: Similarity regions of aminoacids in Hemagglutinin of H1N1, H2N2 and H5N1

Figure 17: Phylogenetic tree of Hemagglutinin of H1N1, H2N2, and H5N1
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Figure 18: Similarity regions of amino acids in Neuraminidase of H5N1, H1N1, and H2N2

Figure 19: Phylogenetic tree of Neuraminidase of H5N1, H1N1, and H2N2
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Figure 20: Multiple Sequence alignments Hemagglutinin and Neuraminidase segments of H1N1, H2N2, and H5N1
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