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Conclusion: These observations strongly indicate that NS4A protein of different HCV
genotypes originally evolved from NS4A protein of genotype 1 subtype 1b, which in turn
indicate that HCV genotype 1 subtype 1b established itself earlier in human population
and all other known genotypes evolved later as a result of mutations in HCV genotype
1b. These results were further confirmed through phylogenetic analysis by constructing

phylogenetic tree using NS4A protein as a phylogenetic marker.






conserved nature of NS4A protein. Furthermore, we observed occasional amino acid

substitutions in the NS4A protein sequences from genotype 3a.

NS4A protein is a small protein consisting total of 54 amino acids and it functions as
cofactor of NS3 protease in viral life cycle. NS3-4A serine protease is a non-covalent,
heterodimer complex formed by the association of two proteins, the N-terminal serine
protease domain of NS3 (catalytic subunit) and NS4A cofactor (activation subunit).
NS3-4A serine protease has a role in HCV polyprotein processing and is responsible for
proteolytic cleavage at NS3/NS4A, NS4A/NS4B, NS4B/NS5A and NS5A/NS5B

junctions to release individual proteins from the polyprotein [8-18].

The purpose of this study is to establish the identity of the parent HCV genotype that
first established itself in human population. We have analyzed amino acid sequences of
NS4A protein of all known Hepatitis C virus genotypes through Multiple Sequence
Alignment and by constructing a phylogenetic tree using CLC sequence viewer
software. We used NS4A protein due to many reasons. First of all due to its relatively
conserved nature, second the occasional amino acid substitutions that we observed and
third due to availability of large number of sequences for this region in sequence
databases from all over the world. We have used amino acid substitutions as a tool
because it would be logical to think that when an amino acid substitution is introduced
into NS4A protein it will be retained in future progenies until mutated again. Due to a
relatively conserved nature of NS4A protein, some of these amino acid substitutions
might travel a long distance across different HCV genotypes as HCV evolved. If we
follow such substitutions across different HCV genotypes it can provide valuable

information about evolution of NS4A protein, and in turn about evolution of HCV.
























conserved NS4A protein sequences which can better predict the picture of evolution.
Previous studies used ClustalW for Multiple Sequence Alignment, we have used CLC
software that automatically arranges sequences on the basis of sequence similarity.
Furthermore, CLC software allows the movement of individual sequences up and down
in the MSA file that is generated. So we can arrange sequences in different orders and

look for different patterns of amino acid substitutions that may emerge.

We have identified different amino acids as consistent members in different HCV
genotypes that we did not observed in our NS4A protein sequences from genotype 1b.
We believe that these amino acids were introduced later as HCV evolved with time. T1g
and S3; amino acids in genotype 1b sequences have been replaced by Sig and Ggs; in
genotype 1c sequences respectively. T19 of genotype 1b sequences has been replaced
by Sig in genotype la sequences. Lig, T2o and Vo4 in genotype 1b sequences have been
replaced by Vip, Vo and Ay, in genotype 5 sequences respectively. Genotype 4
sequences have Sig, Vo and Qszs amino acids as more consistent members while
genotype 1b sequences have Ti9, Sz, and Kz, amino acids. Genotype 6 and genotype 3
sequences also have S;g and V,, amino acids similar to genotype 4 sequences. Tz and
T3, are also members of genotype 6 sequences but these are less consistent members
compared to S;9 and Vyo amino acids. Razs, I3, S32, Vi7, K1, Fag in genotype 1b
sequences has been replaced by Hys, E3o, Gs2, L3z, Ka1, Yag in genotype 3 sequences.
Genotype 2 shows highest diversity from genotype 1b sequences in terms of amino acid
composition and is indicated in figure 8. The overall similarity of genotype 1b sequences
with other genotypes denoted by dots (figure 2 to figure 8), the occasional amino acid

substitutions in genotype 1lb and their presence as more consistent members in





















Figure Legends

Figure 1. Multiple Sequence Alignment of NS4A protein of HCV genotype 3a.
Numerical numbers at the top of the figure indicate position of the different amino acids
in the NS4A protein. The isolate (genotype)/country-serial number of the sequences are
shown at the left side of the figure. Dots and Roman letters in figure indicate similarity
and amino acid substitutions respectively relative to the first sequence PK/FG3 taken as

a reference sequence.

Figure 2. Multiple Sequence Alignment of NS4A protein of HCV genotype 1b and 1c.
Position of different amino acid is represented by numerical numbers at the top of the
figure. The isolate (genotype)/country-serial number of the sequences are shown at the
left side of the figure. Dots and Roman letters in figure indicate similarity and amino acid
substitutions respectively relative to the first sequence patient 2_28 reported from
France. Numerical number on the right side of the figure indicates number of amino acid

substitutions in individual sequences.

Figure 3. Multiple Sequence Alignment of NS4A protein of HCV genotype 1b and 1la.
Numerical numbers at the top of the figure indicate position of the different amino acids
in the NS4A protein which comprised of total of 54 amino acids. The isolate
(genotype)/country-serial number of the sequences are shown at the left side of the
figure. Dots and Roman letters in figure indicate similarity and amino acid substitutions
respectively relative to the first sequence patient 2_28 reported from France for

genotype 1b.















Patient 2_28 (1b)/France 8

FrCF024 (5a)yFrance-1
FrCF098 (5a)France-2
FrANGO7 (5a)France-3
FrCF094 (5a)France-4
FrCFO70 (5a)France-5

BE0O-07-1860 (5ayBelgium-6
BE01-07-1880 (5a)YBelgium-7
3b (5a)France-8
BE02-07-1860 (5ayBelgium-9
BE03-06-8980 (5a)Belgium-10
FrSTEOB (5a)France-11
BE0D-17-3630 (5a)YBelgium-12
FrTLS03 (5a)France-13
FrCF121 (5a)France-14

SA13 (5a)USA-15

FrCF073 (5a)France-16
FrCFO57 (5a)France-17
R5A02-53 (ba)South Africa-18
ALG214309 (5a)/Algeria-19
EUH1480 (5aySouth Africa-20
J5a5a (5a)/UK-21

RSA96-40 (5aySouth Africa-22

RS5A93-41 (5aySouth Africa-23

RSAD0-15 (5aySouth Africa-24

FrBDX01 (5a)France-25
FrSTGO1 (5a)France-26
FrCF002 (5a)France-27
BEOD-11-8530 (5a)Belgium-28
BEQ1-22-8570 (5a)Belgium-29
FrCF042 (5a)/France-30

RSAD4-32 (BaySouth Africa-31

RSAD1-44 (5a)ySouth Africa-32
SPALC10 (5a)¥Spain-33

BE03-11-8530 (5aYBelgium-34

RE5AR2:09 (5a)/South Africa-35
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Figure 8






