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Abstract: High degree of sequence variations are present throughout in the coding regions of 

Hepatitis C virus (HCV) genome. However, a high degree of sequence conservation within the 

5'untranslated region (UTR) has made this region a target of choice for most of detection assays 

based on nucleic acid amplification. The current study was designed to determine the HCV 

genotypes in samples of HCV chronically infected patients in Pakistan. Specific primers 

targeting 5'UTR region were designed, which were then used for both amplification and 

sequencing of all isolates. All HCV isolates were sequenced and genotyped based upon 

phylogenetically informative regions within the 5'UTR of HCV genome. Out of 15 samples, 9 

(60 %) samples 5'UTR of HCV genome was successfully sequenced. However, only 6 (66.7 %) 

samples were assigned genotypes based upon sequence comparison with reference sequences of 

database. Results of this study revealed that five isolates that were assigned genotype 3a, showed 

97 to 99 % sequence conservation to isolates of genotype 3a previously reported from Pakistan 

as well as from rest of world, grouped together and coincided with their positions in the 

phylogenetic tree. Moreover, one isolate that was assigned genotype 4a, showed 97 % sequence 

conservation to isolates of genotype 4a previously reported from rest of world, coincided with its 

position in the phylogenetic tree. Our findings suggest that direct sequencing analysis of the 

5'UTR of HCV genome is a sensitive and efficient approach of HCV genotyping; it may be 

adopted as a routine diagnostic procedure for HCV genotyping in clinical settings. 
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Introduction 

Hepatitis C virus (HCV) infection is a 

serious health problem that is encountered in 

daily clinical practices. HCV has affected 

170-200 million individuals throughout the 

mailto:shamimsaleha@yahoo.com


Khan et al.  67   

 

 

 

world including 17 million individuals from 

Pakistan (Idress et al., 2009). Hepatitis C 

infection in early stages is asymptomatic and 

later on it may lead to advance liver diseases 

such as liver fibrosis, cirrhosis and 

hepatocellular carcinoma (HCC), 

(Berenguer et al., 2001). Of those 

individuals infected with HCV, 55 to 85% 

subsequently develop a chronic HCV 

infection. Moreover, 10 to 20% of patients 

with chronic HCV infection develop 

cirrhosis or hepatocellular carcinoma and 

thousands of people die every year globally 

due to HCV infection (Ashfaq et al., 2011).  

 HCV is linear, single stranded, positive 

sense RNA virus and classified as a separate 

genus Hepacivirus of the family Flaviviridae 

(Ndjomou et al., 2003). The size of HCV 

genome is approximately 9.6 kb. The 5' 

untranslated region (UTR) consists of about 

340 nucleotides that forms stem loop 

structure and contains internal ribosomal 

entry site (IRES). The 5'UTR is the highly 

conserved region in HCV genome that is 

important for initiation of translation process 

and ribosomal binding (Beales et al., 2001). 

Downstream to the 5'UTR is a single large 

open reading frame (ORF) consists of about 

9,000 nucleotides that encodes to a nearly 

3,010 amino acids polyprotein precursor. 

Then it is cleaved by combination of viral 

and host proteases into structural and non-

structural proteins essential for viral 

replication and for viron formation in post-

translational process (Grakoui et al., 1993). 

From the 5' region of ORF one capsid 

protein, a putative protein P7 of unknown 

function and two envelop protein E1 and E2 

are encoded. Moreover, six nonstructural 

(NS2, NS3, NS4A, NS4B, NS5A and 

NS5B) proteins are encoded from 3' region 

of ORF.  At the end of ORF is a polypurine 

or polypyrimidine tail of about 50 

nucleotides that make 3' UTR and is 

important in secondary structure formation 

(Tanaka et al., 1995). However, replication 

errors are greatly produced during 

replication by RNA-dependent RNA 

polymerase, consequently producing 

nucleotide sequence variability (Tanaka et 

al., 1992). 

From all over the world complete or 

partial nucleotide sequences of HCV isolates 

have been reported. Comparison of these 

sequences revealed marked genetic 

heterogeneity existed within the HCV 

genome (Nicot  et al., 2005; Rehman  et al., 

2011; Filippo et al., 2012; Wu et al., 2012; 

Aziz et al., 2013). HCV taxonomy is based 

upon phylogenetic analyses of nucleotide 

sequence data (Simmonds, 2013). HCV 

genotypes are substantially divergent in 

sequence from each other and fall into 7 

phylogenetic clades, designated as 

genotypes (Tamura et al., 2011). Within 

these, a variable number of sub-groupings 

are apparent. HCV genotype 1 is most 

prevalent genotype in the United States, 

Europe and Japan (Manos et al., 2012; 

Qattan and Emery, 2012; Wu et al., 2012). 

HCV genotype 2 is dominant in Korea and 

Taiwan. HCV genotype 3 is predominant in 

Pakistan, India and Thailand while HCV 

genotype 4 is more prevalent in Saudi 

Arabia, Egypt, Lebanon, Iraq and Syria. 

HCV genotype 5 is predominant in South 

Africa while genotype 6 in Vietnam (Sievert 

et al., 2011).  

Although the classification of new HCV 

isolates should preferably be based on 

complete genome sequences, provisional 

genotype assignments can be based on 

phylogenetic analysis of nucleotide 

sequences of noncoding and coding regions. 

It has been proved that phylogenetic analysis 

of HCV sequences has led scientists to 

better understand the origin and evolution of 

the virus and therefore estimate its impact 

on human health. In HCV genome the 

5'UTR is correspondingly the slowest 

evolving genomic region (Cantaloube, 

2006). From sequence analysis of the 5'UTR 
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of HCV, a wealth of phylogenetic 

information may be derived such as 

identification of genotype present in our 

population. The current study was designed 

to determine the HCV genotypes of isolates 

of HCV from chronically infected patients in 

Pakistan. 

 

Materials and Methods 

 

Patients  

We included in this study 15 HCV 

chronically infected patient samples that 

could not be genotyped by assay we 

previously utilized in our study (Khan et al., 

2014). To conduct this study approval was 

obtained from Ethical Committee of 

Department of Microbiology, Kohat 

University of Science Technology (KUST). 

Written informed consent was obtained from 

patients for participation in this study.  

RNA Extraction and RT-PCR  

HCV RNA was extracted from serum 

samples of patients by using QIAamp Viral 

RNA Kit (QIAGEN, Valencia, CA, USA) 

according to manufacturer's instructions. 

The amplification was carried out by using 

one-step RT- PCR kit (QIAGEN, Valencia, 

CA, USA). Primers (5′-

ACCCGCCCCTAATAGGGGCG-3′) and 

(5′- CTTGTGGGCGACGGCTGGTG -3′) 

were designed by using online available 

software JustBio at http://www.justbio.com/ 

to amplify a 345 bp DNA fragment of the 5' 

UTR region HCV. RT-PCR was carried out 

in a total reaction volume of 50μl in which 

10μl of extracted RNA and 0.6 µM of each 

primer were added. PCR cycling conditions 

consisted of 1 cycle at 50ºC for 30 minutes; 

followed by 1 cycle of initial denaturation at 

95ºC for 15 min and 35 cycles of 

denaturation at 95ºC for 60 seconds; 

annealing at 62ºC for 40 seconds; extension 

at 72º C for 40 seconds and a final extension 

at 72ºC for 10 minutes. PCR products were 

sequenced in a specialized commercial 

laboratory at Institute of Biomedical and 

Genetic Engineering (IBGE), Islamabad 

Pakistan. 

Phylogenetic Analysis 

HCV genotypes were determined by 

sequence analysis of the 5' UTR of HCV 

genome isolated from 15 patients. 

Nucleotide sequences obtained from direct 

sequencing were imported to Molecular 

Evolutionary Genetics Analysis (MEGA) 

computer program version 6.06, which was 

used to align the sequences, according to 

reference sequences. Homology analysis of 

the HCV sample sequences with known 

nucleotide sequences present in National 

Center for Biotechnology Information 

(NCBI)  was performed through standard 

nucleotide–nucleotide Blast (Basic Local 

Alignment Search Tool) software available 

at website  http:// 

www.ncbi.nlm.nih.gov/BLAST. 

Phylogenetic trees were inferred using the 

Neighbor-Joining (NJ) model and robustness 

of the tree branches was tested using 

bootstrap analysis (500 replicates) with 

MEGA 6.06.  

 

 Results 

Sequence Analysis 

Out of 15 samples, 5'UTR of HCV 

genome from only 9 (60 %) samples were 

successfully sequenced. However, among 9 

only 6 (66.7 %) samples were assigned 

genotypes of HCV based upon sequence 

comparison with reference sequences from 

NCBI database, remaining 3(33.3%) failed 

to generate usable sequence information. 

Sequence alignment of 5'UTR of studied 

isolates (PK-KUST 01-06) with reference 

sequences of database highlighted some 

well-conserved regions as well as some 

nucleotide substitutions within 5'UTR of 

HCV genome (Figure 1). The data also 

revealed that 5' UTR was found to be 325 to 

340 nucleotides in length. The sequences of 

all studied isolates showed 97 to 99 %
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sequence conservation to isolates of 

genotypes existing in worlds as well as to 

previously reported isolates from Pakistan.  

Phylogenetic analysis 

Phylogenetic analysis of the HCV 5' 

UTR region was performed for studied 

isolates (PK-KUST 01-06) with other 

sequences reported from the rest of the 

world (Figure 1). Results of this study 

revealed that five isolates (PK-KUST 01-04, 

06) that were assigned genotypes 3a based 

on the phylogenetic analyses, grouped 

together and coincided with their positions 

in the phylogenetic tree, showing high 

resemblance among themselves as well as to 

isolates previously reported from Pakistan. 

One isolate (PK-KUST 05) that was 

assigned genotype 4a based on the 

phylogenetic analyses, coincided with its 

position in the phylogenetic tree showing 

resemblance with genotypes 4a from rest of 

world (Figure 2). 

 

 

Fig. 1. Multiple sequence alignment of HCV 5’UTR sequences of studied isolates and 

reference sequences of HCV genotypes retrieved from NCBI. 
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Fig. 2. Phylogenetic neighbor-joining tree of studied isolates and reference isolates of HCV 

genotypes.  

Discussion  

Determination of HCV genotypes by 

direct sequencing of HCV 5' UTR of isolates 

is an efficient approach as it does not require 

an further sample processing steps and 

utilizes amplified products obtained from 

one-step, non-nested PCR reaction. 

Consequently it eliminates the delays and 

cost involved in carrying out further 

amplification reactions. Additionally, the 

direct sequencing of PCR products provides 

more detailed sequence information than 

other genotyping assays. This additional 

information could prove to be quite useful in 

the detection of novel HCV genotypes 

(Germer et al., 1999; Shier et al., 2014 ). 

Sequencing data of HCV genome 

indicates that the 5' UTR of 324 to 341 

nucleotides is the most conserved region 

among HCV strains (Beales et al., 2001). 

This high degree of conservation within the 

5'UTR has made it ideal region for detection 

of sequence based genotypes of HCV. A 

number of studies utilized this region for

 HCV genotype 3a isolate ILBSRAS7

 HCV genotype 3a isolate RASILBS5

 HCV genotype 3a isolate ILBSRAS9

 HCV genotype 3a isolate PK3677

 HCV_5UTR

 HCV isolate ( PK-KUST 06)

 HCV isolate (PK-KUST 01)

 HCV isolate (PK-KUST 02)

 HCV genotype 3a isolate PK3781

 HCV isolate (PK-KUST 03)

 HCV isolate (PK- KUST 04)

 HCV genotype 3b isolate c617

 HCV isolate (PK-KUST 05)

 HCV genotype 4a isolate T80-UTR

 HCV genotype 4a isolate T51-UTR

 HCV genotype 5 isolate c2943

 HCV genotype 5 isolate c2434

 HCV genotype 1a isolate c126

 HCV genotype 1a isolate 8

 HCV genotype 1b isolate c688

 HCV genotype 6a isolate Ch126

 HCV genotype 2a isolate P.X00.15

 HCV genotype 2a isolate P.X00.31
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 determination of HCV genotypes (Germer 

et al., 1999; Ahmadi Pour et al., 2006; 

Anjum et al., 2013; Shier et al., 2014). 

 In this study sequence analysis of 

5'UTR of studied isolates with nucleotide 

reference sequences retrieved from NCBI 

Databank highlighted some well-conserved 

regions. Five studied isolates showed 97 to 

99 % sequence conservation with references 

from genotypes 3a in Pakistan and rest of 

the world. Some of these studied isolates 

were 100 % identical to each other and 

coincided with their positions in the tree 

(Figure 2), showing high resemblance 

among themselves. However, one isolate 

coincided with position of genotypes 4a in 

the tree reported from world, showed 

resemblance with them. The sequence 

conservation in 5' UTR of HCV genome is 

significant in determination of genotypes by 

sequence analysis from those samples that 

may not be typed with more commonly used 

assays. Sequence analysis of 5'UTR of these 

studied isolates with nucleotide reference 

sequences from genotypes of HCV showed 

some nucleotide substitutions within 5'UTR. 

The sequence variations were previously 

reported by Yasmeen et al. (2009) in the 

5'UTR of HCV genotype 3a Pakistani 

isolates in genotypes from rest of world. 

Similar sequence variability has been 

observed by Filippo et al. (2012) in the 

5'UTR of HCV from multi-transfused 

patients in Colombia. 

Conclusion: The 5' UTR of HCV genome is 

unique and conserved region in studied 

Pakistani isolates. Based on our findings the 

direct sequence analysis of the 5'UTR of 

HCV genome is a sensitive and efficient 

means of HCV genotyping in a clinical 

setting and it may be adopted for HCV 

genotyping in routine diagnostic procedure. 
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