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Abstract

Hepatitis C virus is a devastating virus, known to mankind since 1989, but circulating in the
human blood for centuries. Viral prevalence and incidences rates vary from country to country. This
study is basically a computational analysis based on core gene of HCV conducted to understand the
pattern of evolution of HCV around the globe. The nucleotide and protein sequences were retrieved
from HCV database and were analyzed by using ClustalW for alignment of sequences and MEGA 4
was used for construction of phylogenetic tree to see the evolutionary pattern of HCV in five different
continents of world. In-silico analysis of HCV core gene shows that it has undergone various
diversifications in core region worldwide showing different evolutionary rates measured by the
Neighbour Joining method. The number of chains varies in the core structure without affecting the
overall phenotypic expression.
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Introduction

The investigation of origin and spread of hepatitis C virus (HCV) in human population
is important in future perspectives for managing its spread worldwide. HCV is a virus,
distressing more than 170 million people worldwide (HOUGHTON [1]). It is an enveloped,
single-stranded RNA molecule and the only known member of the hepacivirus genus in the
family Flaviviridae, with genome size of approximately 9.6 kb that contains single Open
Reading Frame (ORF) encoding a polyprotein of about 3000 amino acids. The structural and
non structural proteins instruct by ORF include the core, capsid, E1, E2, RNA polymerase,
NS4B and NS5A (CHOO & al. [2]). Biologically, HCV core protein has been implicated in
cellular proliferation as it regulates virus-induced transformation and pathogenesis (JIN& al.
[3]) and has RNA-binding activity (SANTOLINI & al., HWANG & al. [4, 5]). Further it has
the ability to form homo-multimers as well (MATSUMOTO & al., NOLANDT & al. [6, 7]).

Due to high genetic variability HCV isolates are grouped into six genotypes based on
their genetic diversity (ROBERTSON & al. [8]) and all six isolates have <72% homology
with respect to main branch in phylogenetic tree. Among these genotypes some strains are
present in particular regions while some are found worldwide (VERBEECK & al. [9]).

The phylogenetic analysis has been carried out widely to categorize the origin,
evolutionary pattern of HCV (BUKH & al., CHAMBERLIN & al., SMITH & al. [10, 11, 12])
global epidemiology and epidemic history (NDJOMOU & al. [13]). The computational
analysis holds up the hypothesis that immune selection was a significant driving force in
divergence of HCV genotypes (SMITH & al. [12]). The analysis of viral ancestry sampled
from different regions worldwide is helpful in marking out the migration of the virus. For
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viral infections of different kinds, the spreading of the parasite and its host cannot be simply
traced; therefore phylogenies may possibly be a mode to check migratory pathways of the
virus (WALLACE & al., HOLMES [14, 15]).

The computational phylogenetic analysis of nucleotide and protein sequences was
performed to check the evolutionary pattren among HCV strains in different regions and the
pattern of evolution has shown that the HCV strains are might be under strong positive
selection. Moreover, the structural analysis was done to check the conservation of amino acids
chains in core region of HCV, contributing in shaping the appropriate drug therapy in future
studies.

Materials and method

HCV resource at Los Alamos provides access to multiple databases that contain annotated
sequences. The HCV sequence database have collection and annotation of sequence data and
make available them to the public that contains easily accessible search interface and a large
number of sequence analysis tools (KUIKEN & al. [16]). HCV sequence database was searched
for HCV “core region” reported in Asia, Africa, North America, South America and Europe.
The FASTA formatted files for nucleotide and protein sequences were prepared for
multiple sequence alignment using CLUSTALW algorithm and MEGA 4 (KUMAR& al.
[17]) was used to obtain phylogenetic tree. Out of the total entries retrieved for each region,
10 sequences were randomly picked for comparative analysis of nucleotide and protein
sequences (Table.1).
For structural analysis of core region PDB (Protein Data Bank) was searched for “HCV core”.
Out of 15 structures generated by search first 5 structures (3KQH, 3KQK, 3KQL, 3KQN and
3KQU) were selected for analysis.

Table.1. Status of HCV core gene reported in Los Alamos HCV sequence database up till October 2010.

Gene Name Region Entries
HCV core Asia 714
HCV core Africa 34
HCV core South America 10
HCYV core North America 1165
HCV core South America 1031
Total 2954

Nucleotide sequence analysis:

Forty six nucleotide sequences were selected and aligned using CLUSTALW (parameters
reading DNA Pairwise Parameters; Gap opening penalty: 15, Gap extension penalty: 6.66,
Multiple Parameters; Gap opening penalty: 15, Gap extension penalty: 6.66, Transition
weight: 0.5, Delay divergent cutoff: 30%, DNA weight matrix: ClustalW (1.6), negative
matrix OFF). To obtain phylogenetic tree alignment was analyzed in MEGA 4 tool
(parameters reading; Tree inference Method: neighbor joining, Include sites Gaps/ missing
data: complete deletion, Codon positions: 1% + 2™ + 3™ + noncoding, substitution model:
Maximum nucleotide likelihood, Substitutions to include: transitions + transversions).
Protein sequence analysis:

Forty six protein sequences were selected and aligned using CLUSTALW (parameters
reading DNA Pairwise Parameters; Gap opening penalty: 10, Gap extension penalty: 0.1,
Multiple Parameters; Gap opening penalty: 10, Gap extension penalty: 0.2, protein weight
matrix: BLOSUM, Residue specific penalties: ON, Hydrophilic penalties: ON, Gap
separation distance: 4, End gap separation: OFF, negative matrix OFF, Delay divergent
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cutoff: 30 %,). To obtain phylogenetic tree alignment was analyzed in MEGA 4 tool

(parameters reading; Tree inference Method: neighbor joining, Include sites: Gaps/ missing

data: complete deletion, substitution model: Amino p-distance, Substitutions to include: All).
The viral protein structures of core were of “Hydrolase” type as reported in PDB

indicating that the number of amino acid chains residues are conserved but chains number

vary among all structures except for chain A which is conserved in all structures, 3KQH,

3KQK, 3KQL, 3KQN and 3KQU (Table. 2).

Table.2. Structural analysis illustrates the number of amino acid chains reported in Protein Data Bank.

3KQH 3KQK 3KQL 3KQN 3KQU

Chain A 436 |Chain A 436 |Chain A 437 |ChainA 437 |[Chain A 437

Chain B 436 |Chain B 436 |Chain B 437 |Chain E 6 |Chain B 437

Chain C 6 |Chain C 6 |ChainE 6 Chain C 437
Chain D 6 |Chain D 6 |Chain F 6 ChainD 437
ChainE 437
Chain F 437
Chain M 19
Chain N 19
Results

Multiple sequence alignment of HCV core protein and nucleotide sequences was done
to check the evolutionary pattern of this region among five different geographical regions. The
analysis has revealed that an uncharacteristic pattern that did not follow a specific model of
resemblance, is present among the HCV core region strains at both nucleotide and protein level.
Nucleotide sequence analysis:

The phylogenetic analysis of HCV core nucleotide sequence reveals irregular pattern of
evolution. More diversity has been observed in the actively mutating viral strains that had
evolved earlier and are circulating in the human population for longer time periods during the
course of evolution. A unique South American strain in cladel has indicated an ancient
evolutionary history similarly a single Asian strain in same clade has shown static mutation
behavior (Figure.1). The tree topology of all different geographical regions have shown active
rate of mutation in core region of HCV at nucleotide level like shown by European strains
(Cladel, Cluster I), North American and South American strains (Cladel, Cluster III). Some
migration pattern has been observed among African, Asian, European and South American
strains (Cladel, Cluster II). It was observed that some African strains have been originated in
Africa (forming out group) and undergone diversification before distribution to other regions
in clade2 (Figure.1). Further, sequences from Asia (Cladel, Cluster I, I & IV and Clade2,
Cluster 1) appeared at distinct positions in a tree showing high level of diversity. The
nucleotide substitution rate per site per year in the core region of HCV has found to be 0.02.
Protein sequence analysis:

The phylogenetic analysis based on Multiple Sequence Alignment of protein sequences
reported from five different geographical regions depicts an anomalous behavior because of
different protein expression pattern. It showed 0.01 amino acid substitution rate per site per
year (Figure.2). High order branching has been observed in European (Cladel, Cluster I),
some African (Cladel, Cluster V), North American and South American strains (cladel,
cluster IV) illustrate active mutation rate in these regions. However some strains have shown
highly divergent behavior by forming clusters with other geographical regions in which Asian
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strains (Cladel, Cluster II and Clade2, Cluster I) are showing high diversity. A single strain of
Africa and Asia has shown static mutation in cladel (Figure.2). The cladel, cluster VI has
shown active mutation in African and South American strains and demonstrating that
migration might take place among these regions. Unique African strain is forming out group
similarly as in phylogenetic tree of nucleotide sequences (Clade2, Cluster I) (Figure.2).
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Figure 1. Phylogenetic tree obtained from MEGA 4 showing 46 nucleotide sequences of HCV core.
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Figure 2. Phylogenetic tree obtained from MEGA 4 showing 46 protein sequences of HCV core.

Discussion

HCYV evolution is a highly active and it exploits all known ways of genetic variation including

recombination and mutation, to ensure its survival (BOSTAN & al. [18]). It h

as been reported

earlier that HCV genome evolves rapidly at different rates similar to other RNA viruses
(OGATA & al. [19]). The high mutation rate of the HCV might be one of the points of
determinant action of the natural selection and thereby cooperated in inducing the divergence

of viral species.
Romanian Biotechnological Letters, Vol. 18, No. 1, 2013

8047



SOBIA KANWAL, ANWARULLAH AND TARIQ MAHMOOD

Asian strains showed the similarity with European strains, it might be due to migration
events as a study describes that there is a sizeable community of South Asians like Asian
labor migrants settled in European countries Currently, approximately 2 million South Asians
are living in Africa; some came in late nineteen and early twentieth century (OONK [20].
Similarly, a study showed that South American countries are populated with European, Asian
and Africans (COLLIER & al. [21]).

The main objective of the current study was to computationally analyze HCV core
region and to check the evolutionary pattern in different regions of the world. The
phylogenetic analysis depicts that viral genome undergone various significant changes with
time at different rates in which core region is considered to be more diverse (BOSTAN AND
MAHMOOD [22]). It was observed that Asian strains have shown high mobility of HCV
strains among different regions especially to Europe and Africa. A limited migration pattern
has been identified among strains of Europe, North America, South America and Africa that
have shown high diversity in their respective geographical regions as reported previously that
in areas of endemicity a highly divergent pattern is observed among the strains suggesting
long infection duration (OLIVER & al. [23]). The cluster II in clade 1 of nucleotide sequences
(Figure.1) have shown close similarity with European, Asian and African strains might be due
to migration of Europeans, Asians and Africans to a same region where HCV strains followed
same pattern of divergence as discussed that migration has been made among Europeans,
Africans and Asians to South America (COLLIER & al. [21]). Moreover, analysis has shown
that strain is originated from Africa where it had gone through mutation as reported that
common ancestor belongs to Africa where it undergone diversification and spread to other
regions of the world (NDJOMOU & al. [13]). It has been seen that core region is undergoing
diversification at high rate in European, South and North American countries. Some strains
showing no branching giving an idea about no change that have occurred in them for years
might be as they are under high negative selection pressure due to some environmental
factors. It was depicted from the data that there is a high substitution rate per site per year
seen at nucleotide level as compared to amino acid level showing that protein has low rate of
mutation that can change the structure of protein up to greater extent. It is already known that
base substitution rate of RNA viruses ranges from 10™ to 10 per genome per site per year so
virus proteins are subject to change in a short evolutionary time (OGATA & al. [20]) and
nucleotide substitution plays a critical role in HCV sequence divergence.

Moreover, the structural analysis illustrate that chain A has critical importance in
pathogencity of viral core region and whether chains number remain same or not it does not
affect the overall function of core protein but it had high sensitivity and specificity for
prediction of sustained virological response. However, it has been reported earlier that amino
acid substitution pattern of the core region and genetic variation can affect the treatment
efficiency (NORIO & al. [24]).

In-silico analysis of HCV core gene has shown that it has undergone various
diversifications in different regions indicating inconsistent pattern of evolution both at
nucleotide and protein level.

Conclusion

It can be concluded from the present study that there are differences in the evolutionary
pattern of HCV core region in different epidemics worldwide showing different evolutionary
behaviour during different phases of an individual epidemic, all depending on the specific
growth rate. As far as its structural analysis is concerned the number of chains varies that
doesn’t affect the overall phenotypic expression of core gene. Further, the structural
characterization of HCV genetic components should be known for effective drug therapy.
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