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Hepatitis C virus (HCV) genotype 5a is the predomi-
nant genotype in southern Africa with a high prevalence
amongst infected blood donors from areas in South Af-
rica. We have determined the nucleotide sequence corre-
sponding to the complete coding region of an HCV iso-
late, EUH1480, previously classified as genotype 5a, from
an Edinburgh haemophiliac. The sequence contained a
single open reading frame (ORF) coding for a polypro-
tein of 3014 amino acids. Comparison with the polypro-
tein sequences from other HCV genotypes, where the
ORF varies from 3008 to 3037 amino acids, showed the
observed variation in size was due to differences in
lengths of the envelope 2 and the nonstructural 5A pro-
teins. The sequence divergence of HCV genotype 5
ranged from 29.4% nucleotide differences (24.9% amino
acid differences) compared with genotype 1c to 32.5%
nucleotide differences (30.3% amino acid differences)
compared with 2a. Phylogenetic analysis of the available
full length nucleotide sequences showed EUH1480 to
form a branch distinct from the other HCV types, con-
firming the classification of type 5a as a separate geno-

type.
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Hepatitis C virus (HCV) is a member of the Flaviviri-
dae family, which contains viruses characterised by
having a single-stranded, positive sense RNA genome.
A single open reading frame (ORF) encodes a polypro-
tein which is processed by host and viral encoded prote-
ases. HCV isolates have been classified into six main
groups (genotypes) which are subdivided into a varying
number of subtypes (a, b, c etc) in each (1,2). This classi-
fication is based on phylogenetic analysis of partial se-
guences from the 5’ non-coding region (NCR) (3,4), the
core (5,6), envelope 1 (6,7,8), and the nonstructural 5B
genes (6,8,9), as well as from complete genomic se-
guences where available. In addition to the six main
genotypes, new variants from Indonesia, Vietham and
Thailand have been described as genotypes 7, 8, 9, 10
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and 11 (refs. 10-12). However, subsequent re-evalua-
tion of these data has led many authors to suggest that
types 7, 8, 9 and 11 would be more usefully described
as subtypes of genotype 6, and genotype 10 as a variant
of genotype 3, thus confining classification of HCV iso-
lates to the originally proposed six genotypes (13-16).

Genotypes 1, 2 and 3 are the predominant genotypes
found in Europe, USA and with the exception of geno-
type 3, the Far East and parts of Africa, whereas on
the Indian subcontinent and Thailand genotype 3 alone
is the predominant genotype. Genotype 4 is the princi-
pal type in the Middle East, north and central Africa.
Genotype 5 shows a narrow range of distribution being
restricted to southern Africa with a high prevalence
(30% to 50%) amongst HCV-infected blood donors in
South Africa (17). Relatively little sequence heteroge-
neity is found within this genotype and thus far only
a single subtype has been described (5,8,9,17,18,19).
Genotype 6 also demonstrates a narrow distribution
and has only been found in SE Asia around Hong Kong,
Macau and Vietnam (20,21).

Complete genomic sequences have been determined for
isolates representing three subtypes (a, b and c) each
from genotypes 1 and 2, two subtypes (a and b) from
genotype 3, and the putative genotypes 10 and 11. Re-
cently we reported the complete genomic sequences of
isolates belonging to genotype 4 (ref. 22) and genotype 6
(ref. 16). Genotype 5 is the remaining genotype where
the determination of the complete genomic sequence is
outstanding. This paper addresses this by reporting the
sequence of the complete ORF, up to the 3’ NCR, for an
HCV isolate, EUH1480, identified as genotype 5a, from
an Edinburgh haemophiliac. Partial sequence data have
been reported for this genotype (5,8,9), but now we com-
plete the genomic sequence for genotype 5 and therefore
make available complete genomic sequences for represen-
tatives of all six major genotypes.

MATERIALS AND METHODS

Generation of PCR fragments. HCV RNA was extracted from 100
ul of plasma from an Edinburgh haemophiliac identified as genotype
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FIG. 1.

Diagramatic representation of the HCV genome showing the position of the PCR fragments used to determine the complete

sequence of the genotype 5. Nucleotide co-ordinates are based on the HCV-PT sequence (32).

5 and amplified by reverse transcription PCR using the method de-
scribed previously (16). Primer sequences were either based on con-
served regions as used previously or were genotype 5 specific based
on type 5 sequence as it became known. All primer sequences are
available on request. The amplification cycles for fragments a-g (Fig
1) were: 94°C for 18 secs, 45°C for 21 secs and 72°C for 90 secs using
thin walled tubes on a Gene-E thermal cycler (Techne) with a hot
start for the primary PCR (80°C for 2 mins). Fragment h was gener-
ated using a hot start (94°C for 1 min) followed by cycles of 94°C for
25 secs, 65°C for 30 secs and 68°C for 3 mins. To amplify fragment
i the reverse transcription reaction products were incubated (37°C
for 20 mins) with 3U of RNase H (Gibco BRL) and 1400U RNase T,
(Gibco BRL) and then the PCR conditions were: 15 cycles of 96°C for
35 secs, 67°C for 30 secs and 68°C for 9 mins, followed by 10 cycles
of 96°C for 35 secs, 67°C for 30 secs and 68°C for 11 mins and 15
cycles of 96°C for 35 secs, 67°C for 30 secs and 68°C for 10 mins with
a final incubation of 72°C for 30 mins. Prior to amplification a hot
start was carried out at 94°C for 1 min. Amplification reactions for
these two fragments were performed in thin-walled tubes on a Pro-
gene thermal cycler (Techne) and based on the method described by
Tellier et al. (ref. 23) using the Advantage Klentaq polymerase mix
(Clontech).

CLONING AND SEQUENCING

All PCR fragments were electrophoresed in a 1%
agarose TAE gel, visualised by ethidium bromide stain-
ing and UV illumination and the DNA purified by glass
milk extraction (Geneclean; Bio 101). Fragments a-h
were ligated overnight into plasmid pTAG and used
to transform competent cells (pTAG Ligator Kkit; R&D
Systems). Fragment i was end-repaired and blunt-end
cloned into Sma I-digested pUC119. Three clones were
picked for each PCR fragment and DNA prepared using
the Qiagen plasmid mini prep kit with Qiagen tip 20’s
and sequenced using the Prism dye terminator cycle
sequencing ready reaction kit (ABI) on a Perkin Elmer
geneamp PCR system 2400 thermal cycler. The se-
guences were determined using a Prism 377 automated
sequencer (ABI) and analysed using the genome assem-
bly program (GAP) from the Staden package (24). Phy-
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logenetic analysis was carried out using the DNADIST
and NEIGHBOR programs from the PHYLIP package
(25). The sequence of HCV-genotype 5 has been depos-
ited in the Genbank database under the accession num-
ber Y13184.

RESULTS AND DISCUSSION

Three clones from each PCR fragment were se-
quenced on both strands and the consensus taken as
representing the authentic sequence of EUH1480. A
9343 nucleotide continuous stretch of sequence was
produced originating from the 5 NCR and continuing
to the start of the 3’ NCR (Fig. 1). Analysis of this
sequence revealed a single open reading frame encod-
ing a polyprotein of 3014 amino acids (aa). Comparison
of the amino acid sequence with those of other HCV
genotypes, which vary in length from 3008 aa for type
4a to 3037 aa for type 2c, showed the difference in size
between genotypes to be attributable to differences in
length of the E2 and NS5A proteins.

The nucleotide sequence from genotype 5 shows ap-
proximately 30% or more divergence from the other
genotypes. Genotype 1 shows greatest similarity with
a mean divergence of 30.1% with la (range of 29.9%-
30.4%; n=4), 29.9% with 1b (range 29.7%-30.1%; n=13)
and 29.4% divergence with 1c, whereas genotype 2 is
the most distantly related with 32.5% divergence from
genotype 2a, 32.3% from genotype 2b and 32.5% from
genotype 2c. The type 3 sequences (3a and jk049) show
31.5% divergence and 31.7% (type 3b) whereas geno-
types 4 and 6 show 30.9% and 31.6% divergence (30.7%
for jk046) respectively.

The availability of the type 5 coding sequence al-
lowed a more complete comparison of variability at a
number of functional sites, such as the targets for the
HCV NS2/NS3 and NS3 proteases (Fig 2A), the puta-
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FIG. 2. Comparison of inferred amino acid sequences (numbered as in Choo et al.,

ref 32) of HCV genotypes 1-6. (A) Proteolytic cleavage

sites mediated by NS2/3 and NS3 proteases shown from positions P12 to P6’ (cleavage occurs between P1 and P1’, as indicated by an
arrow); P6, P1 and P1’ residues corresponding to the consensus sequence D/E -X,- T/C | S/A indicated in bold. (B) Putative interferon
sensitivity determining region in NS5A (ref. 30). (C) Hypervariable region and flanking regions of E1 and E2; conserved amino acids residues

are indicated in bold.

tive interferon sensitivity determining region in NS5A
(Fig 2B) and the hypervariable region in E2 (Fig 2C).
Cleavage between NS2 and NS3 is mediated by a vi-
rally-encoded protease comprising NS2 and the N-ter-
minal one third of NS3. This enzyme has been shown
experimentally to be tolerant of a wide range of non-
conservative amino acid substitutions at positions P5-
P3’ (26). The carboxyl terminal amino acids residues
are identified by Pn and the amino terminal residues
by Pn’, cleavage therefore, occurs between P1 and P1’.
Nevertheless, the cleavage site for this enzyme is ex-
tremely well conserved between genotypes with each
sequence corresponding closely to the consensus se-
guence GWRLL | API (Fig 2A).
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Considerable sequence variability was observed,
however, between genotypes at sites critical for recog-
nition by the HCV serine protease, NS3, although se-
guences were highly conserved within a genotype. The
minimal recognition sequence for NS3 was proposed to
be D/E - X, - T/C | S/A, based upon sequence compari-
sons of genotypes 1 and 2 (ref. 27). Other genotypes
including type 5 show a number of exceptions to this
consensus at the P1’ and P6 positions (Fig 2A). For
example, substitutions of asparagine (type 3b), aspar-
tatic acid (types 10a and 5a) and glycine (type 11a) are
found at the P1’ site at the NS4B/NS5A junction. The
P6 site between NS5A and NS5B shows even greater
variability, where many sequences do not contain an
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FIG. 3. Phylogenetic comparison of HCV genotype 5a sequence (5'NCR and complete coding region) with representatives of the other
genotypes, shown as an unrooted tree using the program DNADIST (maximum likelihood distances) and NEIGHBOR in the PHYLIP

package (25).

acidic residue, although in these cases (types 3 and
11a), one is found at P7. Mutagenesis studies have
shown considerable tolerance for substitutions at the
four sites required for proteolytic cleavage by NS3, par-
ticularly at the cis site between NS3 and NS4A (28,
29). None of the amino acid changes observed between
genotypes would be expected to alter processing effi-
ciency in such in vitro assays. Overall, therefore, the
targets for both the NS2-3 and the NS3 protease appear
to be subject to constraints on sequence variability
which are not reproduced by in vitro assay.
Variability in the putative interferon sensitivity de-
termining region in NS5A (Fig 2B), has been shown, at
least for type 1b infections, to correlate with response to
a or g interferon treatment (30). Variants of type 1b,
with greater than four amino acid substitutions com-
pared with HCV-J, show a substantially higher re-
sponse rate to interferon treatment, although it re-
mains unclear whether a similar differentiation can be
made between variants of other genotypes. The two
genotypes associated with a favourable outcome of
treatment (types 2 and 3) show numerous differences
in this region. However while type 4 has previously
been shown to respond poorly to treatment (31) the
sequence of ED43 (ref. 22) shows 18 differences from
type 1b. There is little information on the response to
treatment of type 5 and 6, although interestingly jk046
shows only three amino acid differences from HCV-
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J while the other type 6 variant, EUHK2, shows 15
differences.

The hypervariable region of E2 shows considerable
variability both between and within genotypes (Fig
2C). Only two amino acid residues are completely con-
served between sequences of all six genotypes (threo-
nine at position 385 and glycine at position 406). Previ-
ous sequence comparisons of genotypes 1 and 2 also
identified a conserved glycine residue at position 389,
although this is not conserved in type 6. A third posi-
tion (amino acid 403) shows either a phenylalanine or
leucine residue conserved in all 6 genotypes. All other
positions contain numerous alternative amino acids,
with no obvious evidence for conservation of charge or
size of residue.

The E1 and E2 proteins of type 5 showed a similar
distribution of potential N-linked glycosylation sites as
other genotypes. The E1 protein contained four sites (po-
sitions 196, 209, 234 and 305; numbered as in the HCV-
PT polyprotein sequence, ref 32) which are conserved
amongst all variants. Glycosylation in the E2 protein was
somewhat more variable. The sequence of type 5 pre-
dicted nine sites conserved amongst all other genotypes
(positions 417, 423, 430, 448, 532, 556, 576, 623 and 634),
but lacked the site at position 476 present in all genotypes
except types 1b, 2c and 3b. It also lacked the more vari-
able sites at positions 524 (type 6a and jk046), 540 (types
1, 2 and 4) and 708 (type 6a only).
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Phylogenetic analysis of complete genomic sequences
was carried out using the sequence of EUH1480 and
representative sequences of the other genotypes (Fig
3). The type 5a sequence branched from other clades
at a point close to the common origin of clades 1 (and
4), 2, 3 and 6. A separate bootstrap analysis using the
programs SEQBOOT and CONSENSE in the PHYLIP
package (25) showed no consistent shared branching of
type 5 with any other genotype. The closest association
was with sequences in the type 3 clade, where 67% of
trees contained a common ancestor for both, while 58%
of trees contained a common ancestor for clades 3, 5
and 6. Neither of these values were sufficiently robust
to indicate a significantly greater evolutionary relat-
edness of type 5 to these rather than to other genotypes.
Robust grouping of type 5 with other genotypes was
similarly not observed in a parallel analysis of inferred
amino acid sequences of complete coding sequences
(data not shown). The bootstrap re-sampling results
are consistent with the approximately equal degree of
nucleotide and amino acid sequence divergence ob-
served between type 5 and each other genotype.

With the determination of the complete genomic se-
quence from isolate EUH1480, genotype 5 can be con-
firmed as a distinct genotype. Complete genomic se-
guences from each of the main genotypes clarify the
classification system of HCV and will aid in future diag-
nosis and classification of particular isolates. The avail-
ability of cDNA clones generated in this study together
with those from previous studies (16,22) will also en-
able comparisons between genotypes to be extended by
examining protein expression, processing and function.
Such studies will be initiated with the long term goals
of developing inhibitors with broad spectrum activity
against all HCV types.
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