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Abstract:
Pandemic (H1N1) 2009 virus has been causing major concerns around the world because
of its epidemic potential, rapid dissemination, rate of mutations, and the number of

fatalities. One way to gain an advantage over thisvirusisto use existing rapid
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bioinformatics tools to examine easily and inexpensively generated genetic sequencing
data. We have used the protein sequences deposited with the National Center for
Biotechnology Information (NCBI) for data mining to study the relationship among the
Pandemic (H1N1) 2009 proteins. There are 11 proteins in the Pandemic (H1N1) 2009
virus, and analysis of sequences from 65 different locations around the globe has resulted
in two major clusters. These clustersillustrate the Pandemic HIN1 2009 virusis already
experiencing significant genetic drift and that rapid worldwide travel is affecting the

distribution of genetically distinct isolates.
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| ntroduction:

The HIN1 strain of influenzais asingle stranded RNA virus composed of a segmented
genome originated from various influenzaviruses [1]. An infection of mixtures of various
influenza viruses results in the release of progeny viruses containing novel arrangements
of segments. In Asia, North America, and much of Europe, viruses of the HIN1 subtype
are the most commonly isolated [3-4]. However, for the purposes of this study, we have
chosen to focus on the Pandemic (H1IN1) 2009 virusisolates [2] that have been of great
worldwide public concern this year. The Pandemic (HIN1) 2009 viruses differ in the
origins of their genomic components from these previously circulating HIN1 strains and
belong to the classic swine lineage, whichis genetically related to the human HIN1
viruses responsible for the 1918 Spanish influenza pandemic [5-6]. The reassortment and

selection events that led to the recent outbreak of influenzaviral infection in man could
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be traced to several factorsincluding cellular receptors, oligosaccharides, the cohabitation

of swine and poultry, and the presence of avian and human receptorsin pigs[7-8].

The first reported outbreak of the mutated subtype influenza virus, Pandemic (H1N1)
2009 occurred in Mexico in April 2009 and was rapidly followed by more cases reported
in the United States and many other countries. According to the World Health
Organization [9], in atwo month period, the Pandemic (H1IN1) 2009 virus spread to more

than 65 countries and infected more than 17,000 people, with 115 deaths.

Several studies have recently been reported that addressed the origin of the Pandemic
(HAIN1) 2009 using cluster analyses of genomic segments isolated from various infection
cases. The overall agreement traces the Pandemic (H1N1) 2009 to a “triple-assortment” -
swine influenza predominant in North Americaand HIN1 strains predominant in swine
populationsin Europe and Asig[1,10]. While such studies are of significant importance to
the public and scientific communities, the correlation studies among the worldwide
reported cases of Pandemic (H1N1) 2009 would expand the scope of coverage for this
epidemic. This paper addresses the Pandemic (H1N1) 2009 protein sequences collected
from National Center for Biotechnology Information (NCBI) [11] as of 06/11/2009.
These sequences were specific to 2009 outbreak only, and originated from 65 different
global locations [12]. Our results show that the there are significant clustering of
Pandemic (H1N1) 2009 among the cases. Also, some cases with reported antiviral
resistance (Oseltamivir) showed the same mutation of a single amino acid H274Y in the

neuraminidase (NA)-protein of HIN1 that are in agreement with relevant reported data.

Materials and Methods:
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The Pandemic (H1IN1) 2009 protein sequences were downloaded from the NCBI
website [11] in FASTA format as of 06/11/2009. These protein sequences were specific
to the 2009 outbreak, and were collected from different infected people from 65 different
locations [12].

The combined FASTA file was fragmented onto location-specific protein sequences.
These location-specific FASTA files were then uploaded into a Structured Query
Language (SQL) Server relational database management system (RDBMS). This
database was used to create a 65 x 65 correlational matrix based on the locations. The
corresponding matrix FASTA files were merged to create a two location-based protein
sequence file; atotal of 4225 FASTA files were created in this matrix. These files were
indexed using DBIndexer® utility included in its Bio-Works® Suite of applications
(Thermo Fisher, CA). The generated header files were used to read the unique number of
peptides observed and the computed values were assigned in the corresponding cell of the
matrix.

Jaccard’ s index was computed for each cell to determine the similarity of agiven
cell to the data set. The unique peptide values observed for each specific location were
used to perform clustering calculations, using linkage rule of “Wards Method” and
distance measure of “Euclidean distance’. This analysis was automated in-house with

coded software application labeled as “genTree”.

Results and Discussions:

The resulting cluster analysis generated from the protein sequences of the Pandemic

(HAIN1) 2009 virus showed two distinct sub-clusters (figure 1). The distinct sub-clusters



Nature Precedings : hdl:10101/npre.2009.3773.1 : Posted 16 Sep 2009

vary in their number of the locations with cluster-A containing 7 countries, and sub-
cluster-B 17 countries (Table 1). Also, sub-cluster-A has fewer numbers of cases (29)
than that of sub-cluster-B (36), although this may be the result of availability of sequence
data rather than an indication of atrue disparity in total numbers of cases. The proteomic
variability of the cases within a sub-cluster shows some independence of the geographical
location, which may demonstrate dissemination of distinct genetic isolates via
commercia airline travel. For example in the topmost portion of sub-cluster-A, a
significant grouping was observed among cases from Japan (6 cases), China (3 cases),
USA (1 case), and Russia (1 case). This variability pattern is aso observed with other
cases in either sub-cluster. While it is expected to have same location cases grouped
together, the presence of cases from geographically distant locations indicate other

factors, such as airline travel, that should considered.

The two sub-clusters were also characterized by variation in the serotype of the Pandemic
(HAIN1) 2009 strains. Most notable are cases from China and USA which have the largest
variability, as cases from these two locations are spread across both sub-clusters, perhaps
an indication of individual mobility. The serotypes of the Pandemic (H1N1) 2009
infecting humans in California are similar to those found in Texas and Mexico (sub-
cluster-A), but different from those found in Vermont, DC and Pennsylvania cases (sub-
cluster-B). Overall, this clustering analysis potentially provides a different perspective on
the Pandemic (H1N1) 2009 strainsin terms of geographic distribution of population and
migration factors. The establishment of two distinct clusters from the cases studied is an

indication of strain variability of Pandemic (H1N1) 2009 to be considered for diagnosis
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and prognosis purposes. This kind of automated bioinformatics analysis may be useful

for the ongoing assessment of how viruses such as influenza spread across the globe,

monitoring spread in drug-resistant or particularly virulent genotypes, and potential

antigenic/genetic shifts that may impact detection and vaccine efficacy. The addition of

more sequence information, easily and cheaply available, correlated with clinical and

phenotypic datawould be of particular interest to the public health community.
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Figure 1: Cluster Analysis of Pandemic (H1N1) 2009 reported cases from different
locations. The horizontal length represents the similarity among the protein

sequences, and the vertical lines indicate spacing.
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Table 1. Country Listing by Sub-cluster

Sub-cluster A Sub-Cluster B

China Australia Italy Sweden
France Chile Mexico Turkey
Japan China New Zealand United States
Mexico Columbia Norway

Russia Finland Philippines

Thailand Greece Poland

United States Ireland Spain




