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SUMMARY 
 
 
In Pakistan, hepatitis C virus (HCV) disease is a major health problem. More than 17 million 

people are infected with this virus and the infection rate is still increasing. The data obtained from 

last 10 years showed that the predominant genotype in Pakistan is 3a contributing about 60% of the 

total HCV infections. The clinical image of HCV infection is frequently an acute stage, leaded to 

chronic infection in ∼80% of patients. Patients in the acute phase might have slight flu-like 

symptoms, but mostly are asymptomatic. Patients having chronic infection can lead to cirrhosis of 

liver and to end with hepatocellular carcinoma (HCC). 

Immense heterogeneity of viral sequences in a patient can enhance viral resistance to current drug 

therapies, thus inhibiting the utility of vaccines. Reforming genomic diversity of viral quasispecies 

is of noteworthy importance for this reason and can also be applied in designing vaccines and 

drugs curing patients from specific viral species in vivo. By getting information about specific 

quasispecies sequences might assess outcome of interferon treatment for HCV infected person thus 

improving cost effectiveness and ease patient hardship. 

This study focuses on analyzing the quasispecies heterogeneity in patients infected with HCV 

genotype 3a Pakistani isolates during antiviral therapy. The aim of the study was to elucidate the 

molecular organization of the quasispecies population within HVR1 and NS5a genes and its 

association with treatment outcome. Cloning and sequencing of structural and non structural genes 

of HCV as well as next-generation sequencing were used to study quasispecies within Pakistani 

population. NS5a region showed less variability as compared to HVR1. The average nucleotide 

diversity of HVR1 and NS5a was calculated 0.0192 and 0.006 respectively using conventional 

sequencing method. Phylogenetic analysis obtained from sequences of all patients before treatment 
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did not show any particular clustering related with a specific response pattern. There was no 

significant correlation found between quasispecies diversity and treatment outcome in responder 

and non-responder patients. 

Next-Generation Sequencing (NGS) have showed a true revolution and opened novel perspectives 

for research and diagnostic applications. By using traditional methods, it is tough to identify and 

quantify minority genomes occurred in viral quasi-species that, might have clinical and biological 

relevance. NGS provides, for each individual, a data of clonal sequences that is some level of 

magnitude greater than those gained using conventional approaches. The diagnostic application of 

NGS is just around the corner. We used ultra-deep pyrosequencing (454/Roche) to illustrate the 

heterogeneity and complexity of HVR1 and NS3 gene in 13 patients infected with HCV genotype 

3a. We sequenced partial region of both genes at great coverage, aiming at identifying a large 

number of minority variants and quasispecies diversity. The phylogenetic trees generated from 

NGS data of HCV showed great diversity within Pakistani isolates. Initial assessment of the 

phylogenetic trees suggested that samples belonging to genotype 3a were more genetically diverse. 

We compared nucleotide diversity of genotype 3a with other genotypes but no significant 

difference was found.  
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INTRODUCTION 

              Hepatitis C virus (HCV) is a worldwide health concern (Khan et al., 2008)  nearly 200 

million people affected globally, a major source of chronic hepatitis around the world (Alter et 

al,1989; Bartenschlager et al, 1993). In 1989 HCV was identified (Choo et al., 1989) and is now 

known to be endemic worldwide. HCV is mostly spread parenterally and way of transmission 

includes blood to blood, mother to baby, and sexual transmission (Anonymous, 1999). The clinical 

image of HCV infection is frequently an acute stage, leaded to chronic infection in ∼80% of 

patients. Patients in the acute phase might have slight flu-like symptoms, but mostly are 

asymptomatic. Patients having chronic disease may lead towards liver cirrhosis and end with 

hepatocellular carcinoma (HCC). Recent assessments propose 2–5% of HCV cirrhosis patients 

develop HCC annually (Schuppan, et al., 2003).   

HCV belongs to the family, Flaviviridae, of the genus Hepacivirus (Levrero M.2006). 

HCV genome length is around 9.6 kb (Jhaveri et al., 2005). HCV RNA is a large open reading 

frame containing 5` and 3` untranslated regions (Brass et al., 2006). Comprehensive configuration 

of HCV is not clear yet. Though, glycoprotein E1 and E2 are known as the disease causing 

particles of virus (Budkowska et al., 2009).  

HCV is an extremely variable positive stranded RNA (Ogata et al., 1991). As a result, 

complex genetic diversity of HCV occurs in patients, and HCV isolates are occured as a cluster of 

isolates with more closely associated genomes, stated to as quasispecies, or genetically different 

clusters termed as genotypes (Bukh et al., 1995; Martell et al., 1992). Genotype is further classified 

into subtypes, isolates and quasispecies (Martro et al., 2008). Till present, there are six main HCV 

genotypes identified. These genotypes significantly vary in their nucleotide and amino acid 
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composition and the reported difference is about 30% of their entire genome (Martell et al., 1992). 

Each genotype is further classified into different subtypes. These sub types are 20 to 25 % different 

in their nucleotide composition. These genotypes differ in routes of transmission, treatment 

response and geographical distribution (Romano et al., 2010). Due to their transmission modes 

genotype 1a, 1b and 3a have universal dissemination by blood transfusion, use of injectable drugs 

and inappropriately sterilized medical and surgical equipment’s (Simmonds, 2004). 

Genetic variation is randomly distributed across the genome. When HCV genome of 

different genotypes is analyzed, and it shows different degree of inconsistency across the entire 

genome. 5’untanslated region of the genome and core gene are relatively conserved. NS2, NS3, NS5B 

genes and 3’UTR are fairly variable. Hyper variability is found in the E1 and E2 genes which codes for 

the envelope proteins and also in the non-structural protein NS5A (Le Guillou-Guillemette et al., 

2007). Among the highly variable regions of HCV genome, the amino terminus of Glycoprotein E2 has 

a region known as hyper variable region1 (HVR1) that shows highest sequence variability. HVR1 

codes for a stretch of 27 amino acids present at the amino terminal of E2 gene and are subject to 

immune pressure (Weiner et al., 1992). HVR1 allows the selection of escape variants (Pavio & Lai, 

2003). 

The present standard of treatment is the combination of ribavirin with pegylated interferon 

alpha, (IFN- ) (Manns et al., 2001). Genotype, viral load, and liver histology are major parameters 

used in choosing antiviral therapy with ultimate chances of success (White et al., 2000). Among 

these the genotype is important predictor for sustained virological response. The clinical 

importance of genotyping appealed attention of people, as different genotypes react in a different 

way to treatment (Trepo, 1994).Strong evidence has been provided that individuals infected with 

genotype 2 and 3 are more probable to have a sustained response to treatment than individuals with 

type 1 infection (Dusheiko et al., 1996), thus the genotype of patient must be taken into 
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consideration while recommending the therapy. Costly treatment, lack of vaccine, as well as a 

quite high long term morbidity and mortality has made HCV a matter of great concern (Brillet et 

al.,2007).  

Quasispecies mutations might create more competitive sequences for infecting cells than 

other quasispecies sequences, which would result in that sequence becoming more frequent in the 

organism. It may, also, happen that the frequency of all quasispecies sequences in the organism 

shifts intensely. Scientists have observed that the quasispecies sequences within two organisms 

infected concurrently might drift so quickly apart that within a few years it would be impossible to 

assume that they were infected from the same source (Domingo and  Holland, 1997; Eigen et al., 

1989). 

Great heterogeneity of viral sequences in a patient can enhance viral resistance to current 

drug therapies, thus inhibiting the utility of vaccines (Holland et al., 1992). Reforming genomic 

diversity of viral quasispecies is of noteworthy importance for this reason and can also be applied 

in designing vaccines (Douek et al., 2006; Gaschenet al., 2002) and drugs (Beerenwinkelet al., 

2005; Rheeet al 2007) curing patients from specific viral species in vivo. By getting information 

about specific quasispecies sequences might assess outcome of interferon treatment for HCV 

infected person (Skums et al., 2011), thus improving cost effectiveness and ease patient hardship. 

Several studies and proofs suggest that quasispecies profile of an infected individual before 

treatment can be used to predict the therapy response. Though, there are also certain contradictory 

studies which disregard the role of quasispecies profile in the treatment outcome. This is because 

of the complexity of antiviral treatment response which depends upon various host and viral 

factors. 
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Since there is no such kind of study reported from Pakistan, we performed a retrospective 

study to investigate the HVR1 and NS5A quasispecies heterogeneity in individuals infected with 

HCV genotype 3a Pakistani Isolates during therapy. The objective of the study was to clarify the 

molecular constitution of the quasispecies population and its association to treatment outcome. 

Through next-generation sequencing (NGS) technique, currently it is feasible to study 

quasispecies at much more detail. Their great output permits for production of millions of reads, 

helping in depth sequencing (Margulies et al., 2005). In the present study we used deep 

pyrosequencing (454/Roche) to illustrate the heterogeneity and complexity of HVR1 and NS3 gene 

in 13 patients infected with HCV genotype 3a. We sequenced partial region of both genes at very 

high coverage, aiming at identifying a great number of minority variants and quasispecies diversity 

within Pakistani isolates.  
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REVIEW OF LITERATURE 

2.1 Liver: 

Liver is an important organ of human body. A normal human liver normally weighs 

between 1400-1600 g. It is the largest gland in the human body. It is positioned in the right upper 

abdomen, lies beneath the diaphragm in the thoracic region. (Matton et al; 1993). Figure 2.1 show 

the structure of human liver. 

 

 

Figure 2.1: Structure of human liver. (Al-Jiffry and AlMalki; 2013) 

2.2 Liver Functions: 

The liver plays number of vital functions in the human body. It performs a major role in 

metabolism detoxification. It synthesizes plasma proteins, stores glycogen produces hormones, and 

decompose the red blood cells. Bile acid and bile secretion, which help in digestion of lipids, is 

also generated by the liver. Liver also regulates an extensive range of high-volume biochemical 
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reactions that requires specialized tissues. Liver damage can harm various mechanisms going on in 

body of human. Liver moreover shows capability of self regeneration, when excised. 

2.3 Liver Diseases: 

Common diseases of liver are Hepatitis, Cirrhosis, Fatty Liver, Obstruction, 

Hemochromatosis, and Liver Cancer. Amongst these disease hepatitis is the leading source of 

mortality due to severe complications of liver infections globally. 

2.4 Hepatitis: 

Hepatitis is a condition in which hepatitis viruses or other practices cause the inflammation 

in liver cells, as a result injury or demolition occurs. Hepatitis can occur from different sources 

such as: 

 (a) Specific viruses exaggerate the immunity to fight off infections (called viral hepatitis), 

particular factors of immune system produced in excess that leads to damage.  

(b) Hepatitis may also arise from an autonomic condition; in such condition irregular immune 

factors destroy the body’s own hepatocytes.  

(c) Several health conditions such as, drugs, chemicals, alcoholism, and environmental 

contaminants. 

Hepatitis can occur an acute form (short term), or fulminant, or chronic form (long term).  

Acute phase may changes into a chronic disease, however chronic infection may also arise on its 

own. Chronic condition is usually the more severable than acute. (Kumar et al., 1992). 
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2.5 Hepatitis Viruses: 

1. Hepatitis A. 

2. Hepatitis B. 

3. Hepatitis C. 

4. Hepatitis B with D. 

5. Hepatitis E. 

6. Hepatitis F virus. 

7. Hepatitis G. 

 2.6 Hepatitis C Virus: 

Hepatitis C virus is the primary cause of acute and chronic infection all around the world. 

According to World Health Organization (WHO), more than 200 million individuals are sick with 

HCV (Lindebach et al., 2007). It is a severe health issue in the developing countries including 

Pakistan where more than 10% of the population is infected with HCV (Idrees et al., 2008). In 

most of the cases, HCV infection leads to chronicity and becomes complicated liver diseases that 

include liver fibrosis, cirrhosis and in some cases to HCC (Liang et al., 2000). The virus itself does 

not cause liver damage but it is the relationship between the body’s immune system and virus that 

disfunction the liver (Hoffnagle, 2002). Different stages of HCV infection can be seen from figure 

2.2. 
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Figure 2.2: Different stages of HCV infection. (Heim; 2013) 

Hepatitis C is a blood borne infection mainly spread through contact to infected blood. 

HCV is transmitted likely by the use of drug Injection (Karmochkine et al., 2006 & Hahn, 2007), 

blood products, dental contact, work related exposure to blood, sexual contact (Vandelli et al., 

2004), from mother, to baby during childbearing and via sharing personal care products. 

Prevention is most significant cure for HCV. Presently, there is no 100% effective medicine 

against HCV disease (Manns et al., 2001; Zeuzem et al. 2000). Unluckily greater than 50% of the 

patients remain non-responder and develop chronic hepatitis after therapy (Srivastavaet al., 2005). 

Development of proper therapy and safe vaccines remains an important task. 

2.7 Prevalence of HCV: 

Occurrence of HCV may be varying in different groups and different areas of the same 

community, (Idrees et al., 2008). Scarcity, great risk sexual behavior, having less education is 

together enhancing risk of infection even though the causes behind of these associations still not 

clear (Lauer and Walker, 2001). 3 to 4 million people are sick with HCV per year. Almost 70 
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percent of infected people infection progresses to chronic stage. 20% of chronic patients lead to 

cirrhosis and decease with a percentage of 2 to 5 each year within 20 years (Koziel and Peters, 

2007). 

2.8 Genetic Diversity: 

RNA viruses show features of great genetic diversity. The Nonstructural 5B protein is an 

RNA-dependent RNA polymerase which does not have a proof reading capability. So, variation in 

the HCV genome arises about 1 mutation per replication cycle per genome. Nearly 10 trillion 

particles of virus are generated each day that results in a population of different but closely linked 

viral variants, known as viral quasispecies that occur inside a single individual. Due to continuous 

variation, HCV might have potential to escape host immunologic exposure and retain persistent 

infection. Hyper variable region 1 (HVR1) was known to be more consistent variable region 

(Purcell, 1994; Walker, 1999; Simmonds, 2004). There is 30-50% mutation among HCV, 

genotypes and 15-30% between different, subtypes however there is 1-5% difference within a 

nucleotide sequence of each HCV diseased person (Simmonds, 2004). In Western Europe common 

genotypes are 1a and 1b. Genotype 3 is more recurrent in the India, Nepal and Pakistan. 

Universally genotype 3a has a great dominance; approximately 50% of patients are infected in 

some European countries and a higher proportion of HCV patients in several high populated 

nations in Asia (e.g India).  

Due to the nucleotide differences HCV distributed into six main genotypes and about 80 

subtypes. Differences in nucleotides are detected in E1 and E2 glycoprotein. The minimum 

sequence heterogeneity among HCV genotypes is observed in the 5 UTR which have RNA 

secondary structures and specific sequences that are essential for reproduction and translation 

purposes. The frequency of nucleotide disincorporation is about 10–3 base changes per genome 
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each year (Major and Feinstone, 1997). Currently every known genotype is hepatotoxic and 

infectious. Though, it has been proposed that diverse genotypes show variability in their disease 

causing ability, thus prompting the level of development to cirrhosis and the threat of HCC 

(Simmonds et al., 1995).  

2.9 HCV Structural Morphology: 

HCV genome is single strand encircled by protein capsid which is more enclosed by lipid 

bilayer of cellular origin. The two surface glycoproteins E1 and E2 are embedded in the lipid 

bilayer. Its size ranges from 55-65nm. HCV is specie of genus hepacivirus within family 

Flaviviridae (Lindenbach, et al.,2007). The structure of HCV is depicted in figure 2.3A. 

 

 

 

Figure 2.3: (A) Structure of HCV. (B) HCV genome organization. (Akbar et al; 2009) 
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 2.10 Genome Organization: 

HCV genome is 9.6 kb in length, linear, uncapped and single strand RNA virus (Figure 

2.3.B). The open reading frame of HCV is transcribed and translated directly in the cytoplasm of 

host cell. The untranslated regions (UTR) present at 5’ and 3’ flank the HCV genome. The 5’ UTR 

acts as an internal ribosome entry site (IRES) (Lindenbach & Rice, 2001). The genome is 

translated into a single polyprotein which is cleaved co and post translationally by numerous 

cellular and viral peptidases into 10 different viral proteins (Griffin et al., 2003). They are 

generally categorized into two types: structural proteins and non- structural proteins. The structural 

proteins are core and envelop proteins E1 and E2 that include the virion; p7 (Jone et al., 2007; 

Steinmann et al., 2007). The non structural proteins are termed as NS2, NS3, NS4A/B and 

NS5A/B (Gosert et al., 2003). 

2.10.1 HCV Envelope Glycoproteins: 

During entry enveloped viruses dissolve their membranes with cell membranes. The 

primary viral components that attach with the host cell surface are supposed to be two 

glycoproteins, E1 and E2 of HCV (Flint et al., 1999; Goffard et al., 2005). Two pathways followed 

by envelop proteins of HCV to assemble, the development of a non-covalent heterodimer known 

as a productive pathway. The development of huge disulphide connected aggregates known as a 

non-productive pathway. 

The non-covalentglycoprotein of HCV complex is perhaps intricate in entrance into host 

cells (Goffard, 2005).E1 protein is found associated with the membrane fraction. The E2 gene is an 

ultimate target for cell-mediated and humoral immune responses (Kato et al., 1992). E2 performs a 

significant role in viral morphogenesis and provokes production of antibodies against the virus. It 
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attaches to the external loop of CD81, which is located on the surface of hepatocytes and other 

such types of cell (Pileri et al., 1998). 

Highly variation is found in a sequence of 27 amino acid is called hypervariable region 1 

(HVR1), at the N-terminus of the E2 protein of HCV (Kato etal., 1992) though, at particular 

positions of HVR1, existence and conservation of positively charged amino acid residues plays a 

significant role in identification of target cell and attachment of virus to cell (Penin, et al., 2001). 

High sequence variation in HVR1 makes it a real model for quasispeciation; i.e., formation of 

quasispecies by the process of viral genetic diversification (Sala and Wain-Hobson, 2000). 

Spontaneous viral clearance, rapid interferon treatment response and HCV-associated liver 

histopathology (Abbate et al., 2004; Honda et al., 1994; Gonzalez-Peralta et al., 1996) are the 

revealing outcomes due to quasispecies dynamics based on HVR1 (Chen and Wang, 2005). 

Another hypervariable region of 9 amino acids found downstream of HVR1 is HVR2 (Kato etal., 

1992). 

2.10.2 Non-Structural 5A (NS5A) Protein: 

Many HCV proteinssuch as core, E2, NS3/NS4A protease, and NS5A have been involved 

in blocking interferon production or activity (Gale et al., 2005; Thimme et al.,2006). In all proteins 

of HCV, NS5A has the greatest significance as mutation in IFN sensitivity- determining region 

(ISDR), one of the short segment of protein, has been associated to IFN treatment and the patient’s 

response (Enomoto et al., 1995). It has been proved by advanced studies that the ISDR and the 

following 26amino acids at downstream, make the PKR-binding domain (PKR-BD) of NS5A, 

which can bind to and deactivate PKR (Gale et al., 1998). PKR-dependent inhibition of IFN 

possibly well explains the resistance of HCV to IFN (Gale et al., 1998; Gale et al., 1997).However, 

the correlation of therapeutic outcome with the ISDR sequences(Polyak et al.,1999) or with the 
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inhibition of PKR activity, have not always been verified (Podevin et al., 2001; Francois et al., 

2000). 

2.11 Hepatitis C Virus Replication: 

The particular mechanism of HCV replication is not completely understood. It is a 

multistep process that includes virus attachment to the hepatocytes, intake of the virus, translation 

of the RNA and assembly of HCV proteins, negative strand synthesis and production of the viral 

genome and finally, packaging and release of new HCV particle (Guidotti and Chisari, 2001). 

When the HCV binds to hepatocytes, it is overwhelmed by the hepatocytes by a clathrin-mediated 

endocytosis (Blanchard et al., 2006). Several cellular receptors have been recognized on the 

surface of hepatocytes that binds to HCV and contains low density lipoproteins (Molina et al., 

2007), CD81 (Morikawa et al., 2007), glycosaminoglycans (Basu et al., 2007), claudin-1 (Mee et 

al., 2008), scavenger receptor, SRBI (Grove et al., 2008).  

HCV replication is assumed to be semi-conservative and is a two-step process (Figure 2.5). 

1) In this step single stranded positive sense RNA act as a template to form a negative-strand 

intermediate. 

2) Multiple strands of RNA are produced with positive polarity.              
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Figure 2.4: HCV replication and translation. (Adapted from www-qiagen.com) 

These positive sense RNA strands are successively used for the polyprotein synthesis and 

finally packaging into new viruses (Bartenschlager et al., 2004). RdRp initiates primer dependent 

RNA production either by extension of a primer hybridized to the RNA template (Behrens et al., 

1996). just presently, it has been exposed in experimental conditions that HCV is capable to start 

de novo RNA synthesis (Zhong et al., 2000). 

Both positive and negative strands of HCV genome needs the domain 1 of the5’UTR, cis 

acting reproduction element (5BSL3.2) found in the 3’ of the NS5B gene and3’UTR to initiate the 

RNA strand synthesis. Once the RNA of HCV with positive polarity translated in the cytoplasm of 

the host cell indicates that the replication process has been started, producing different viral 
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proteins and developing the replication complexes (Gosert et al., 2003). RdRp then consequently 

transcribe positive sense RNA into the negative strand as shown in fig 2.4.  

The distinctive secondary structure found in the 5’UTR assist as internal ribosomal entry 

site (IRES) and initiate the process of translation making a single poly protein from 5’ to 3’ 

direction. Usually 1.3 X 1012 virions are generate daily in the HCV infected patients with an 

average of 10-100 copies of viral genome per cell with an average of 10% of the total liver cells 

actively producing the virus particles (Neumann et al., 1998). 14% of the hepatocytes contain the 

negative strand of HCV while the HCV genomic RNA is found in56% of the total hepatocytes 

(Chang et al.2000). The newly synthesized virions the neither get enter into the blood flow or 

infect the new hepatocytes. The HCV titer in the serum of the infected patients depends upon the 

quantity of the HCV particles formed by the liver cells and its clearance by the immune system. 

2.12 Natural Course of Acute HCV Infection: 

In acute hepatitis, within 1-2 weeks value of alanine aminotransferase (ALT) starts 

increasing in most of patients and HCV RNA is measurable in the serum. Acute hepatitis C is self-

limiting and body is able to clear the virus. ALT level decreases and HCV RNA cannot be detected 

after six months (Figure 2.5). But, acute hepatitis C infection can be severe and sustained but it is 

hardly ever fulminant. Liver injury is associated with serum bilirubin and ALT levels are typically 

10 times high the upper level of normal value as displayed in Fig 2.5 (Hoofnagle, 2002). More than 

80% of the acutely infected Individuals finally become chronic. Usual signs of acute hepatitis are 

anorexia and nausea, followed by jaundice (Kumar, 2005).    
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Figure 2.5: Natural course of acute HCV infection with recovery. (Adapted from US-CDC) 

2.13 Natural Course of Chronic HCV Infection: 

The natural progression of HCV chronic infection differs from patient to patient (Figure 

2.6). In some cases, patients never show histological sign of hepatic infection even later years 

(Puoti et al., 2000; Seeff, 2002). Factors related with development of chronic infection include age 

of the person at acquisition (Poynard et al., 1991; Freeman et al., 2001) heavy alcohol 

consumption (Peters and Terrault, 2002), co-infection with HIV (Lesens et al., 1999), male sex 

(Freeman et al., 2001) and expanded duration of HCV infection. HCV genotype, Viral load, ALT 

levels are linked but not constantly recognized factors leading from acute to chronic infection 

(Gordon et al., 1999). 
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Figure 2.6: Natural course of acute HCV infection progressing towards chronic HCV 

infection. (Adapted from US-CDC) 

2.14 Transmission: 

Hepatitis C disease is generally transmitted through contact to a contaminated blood (Burns 

et al., 2003). In advanced countries, HCV is transmitted mostly through Injection drug use (IDU) 

(Karmochkine et al., 2006 & Hahn, 2007). In United States, IDU is resposible for two third of the 

HCV infection. Dental exposure and occupational exposure (Vandelli et al., 2004), body piercings 

and tattoos with unsterile instruments (Thompson et al., 1996) have also been involved in the virus 

transmission. Sharing personal care products such as razors and tooth brushes should be avoided. 

Sexual transmission cannot be ruled out but it is still controversial (Clementson, 2005; Schultz, 

2005). Vertical transmission is stated but not proficient modes of transmission. Approximately 5 to 

6% babies born to mother infected with HCV attain the infection and it depends on the viral titer of 

the infected mother and it is more probable if mother is co-infected with HIV(Marine-Barjoan et 
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al., 2007). The injection of saliva got from HCV patients causes infection in chimpanzees (Abe et 

al., 1987). However, it is not efficient method of transmission (Couzigou et al., 1993; Sagnelli et 

al., 1997). 

Nosocomial transmissionhas been reported during surgery particularly in gynecological 

surgery (Bronowicki et al., 1997; Conry-Cantilena et al.,1996; Esteban et al., 1996; Massari et al., 

2001). HCV is also transferred through haemodialysis units; however, the rate of transmission is 

very low in developed countries as compared to developing countries (Nemati et al., 2009). 

2.15 Genomic Heterogeneity: 

After determination of the complete HCV  genome (Choo  et al.1991), a number of HCV 

isolates got and sequenced them from different areas of the world (Chen et al., 1992; Delisse et al., 

1991; Enomoto et al., 1990; Li et al., 1995). When compare sequences of HCV from the different 

parts of the world recognized diverse types of HCV that differ from each other by roughly 33% 

over the whole genome (Okamoto et al.1992). 

Nucleotide variability is distributed evenly throughout the genome but some are 

hypervariable such as envelope and NS5A and few regions in the HCV genome such as 5’UTR 

and core region are highly conserved (Kato et al., 1990; Okamoto et al., 1994; Sakamoto et al., 

1994). 

2.16 Classification of HCV: 

HCV has been categorized as a distinct genus hepacivirus of the Flaviviridae family 

(Francki et al., 1991) as it has partial sequence homology with two other genera of the family, the 

Flaviviruses and the Pestiviruse. HCV also seems to be linked to presentlyidentified human viruses 

named as GBV-A, GBV-B and GBV-C (Simons et al., 1995; Linnen et al., 1996). These viruses 



19 
 

have not been categorized yet, but GBV-B is the very close relative of HCV known to date, with 

26-33% amino acid identity overall and approximately 50% homology found with the 5’UTR, NS3 

and NS4 regions (Muerhoff et al., 1995). 

Phylogenetic analysis is a robust way of classification into different genotypes based on the 

nucleotide or amino acid sequence of HCV unlike the other members of the Flaviviridae where 

distant and often indefinite evolutionary relationships occur. First time genetic heterogeneity of 

HCV was analyzed when the sequences of HCV from Japan were aligned with sequences of HCV 

from the USA (Choo et al., 1991). Sequence analysis of the whole genome has exposed 4 levels of 

heterogeneity, i.e., types, subtypes, isolates and quasispecies (Enomoto  et al., 1990; Simmonds et 

al., 1993 & 1994). 

When the sequences of full genome of HCV-J (Kato et al., 1990), and HCV-BK 

(Takamizawaet al., 1991), reported from Japan were compared, it indicated 92% nucleotide 

identity to each other. But, when these two sequences were aligned with HCV-PT, the homology 

was 79%. HCV-PT and HCV-H was categorized as type I and HCV-J and HCV-BK were stated as 

type II.  Several isolates of HCV have been reported from Japan (Okamoto  et al., 1991 and 1993) 

and various parts of the world (Mori et al., 1992; Chan et al., 1992), and all these different variants 

have directed to wide division of HCV into genotypes and subtypes (Figure 2.7). 
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Figure 2.7: Classification of HCV into major types and sub-types. (Preciadoet al; 2014) 

2.17 HCV Treatment: 

Prevention is the best cure for HCV liver infection. Presently, there is no antiviral drug that 

shows 100% result for HCV infection. Interferon therapy in combination with a nucleoside 

analogue is considered to be standard treatment against Hepatitis (Alter et al., 2000; Zeuzem et al., 

2000; Manns et al., 2001). Unluckily greater than 50% of the patients with acute infection leads to 

chronic and do not show response to the treatment. Thus, vaccination is only effective way of 

disease prevention. Development of suitable vaccines remains a substantial challenge. There is no 
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vaccine available for HCV. HCV therapy is designed to achieve a sustained virological response 

(SVR) in which HCV RNA levels remain lower than 500 IU/ml after 6 months completing the 

treatment. It is considered that in SVR condition HCV is persist in a body up to 18 years after 

getting treatment. Currently regular treatment for HCV is pegylated IFN (Peg IFN) and ribavirin 

(RBV), taken for 12 to 72 week. This is not an ultimate remedy for treatment of HCV patients due 

to the 50-70% recovery rate. Furthermore some side effects are also related with it such as 

depression and anemia (Fried and Hadziyannis, 2004). 

A recent progress in HCV treatment is the production of two directly acting antiviral 

medicines, bocepravir and telapravir, which are NS3-NS4A protease inhibitors. They have 

considerable high SVR in the non-responder (NR) patients (Halfon et al., 2001). FDA has 

approved these drugs for clinical use. Several other antiviral drug are also in pipeline. 

2.18 HCV Infection in Pakistan: 

HCV infection is one of the foremost public health issues in Pakistan. About 17 million 

people in overall population are sick with chronic HCV (Raja and Janjua, 2008; Farhana et al., 

2009). The frequencyof HCV in Pakistan is very high due to reuse of contaminated needles, drugs 

abuse and unsafe blood and blood products transfusions in hospitals (Alia et al., 2008). In Pakistan 

the dominant genotype is 3a followed by 3b and 1a (Idrees and Riazuddin, 2008; Butt et al., 2010). 

Unawareness and deficiency of education, insufficient health facilities, and unexperienced health 

care providers makes the HCV epidemic on intensification and no preventive actions are taken by 

the government which will raise the disease burden (Idrees et al., 2008).Poverty is also important 

cause of this high prevalence of HCV in Pakistan and it is also usually known as disease of poor 

people. The SVR rate in Pakistani population is greater but 75% of the total infected patients have 

no therapeutic assistances (Mujeeb et al., 1997). 
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The recent therapy is very expensive against HCV makes it difficult to afford for the poor 

people. In Pakistan Prime Minister program was started in 2006-2008 for the prevention and 

control of HCV and only 20.000 patients received the antiviral treatment but it indicates minor 

proportion of the overall. Peg-Interferon with combination of ribavirin is the treatment of choice in 

Pakistan with considerably high SVR (Idrees and Riazuddin, 2008; Farhana  et al., 2009). The 

SVR rate among different genotypes is 24.3 %, 69.7% and 57.3% in genotype 1, 2 and 3 

respectively (Idrees and Riazuddin, 2008). 

2.19 Viral Quasispecies: 

A group of viruses that are linked to each other through one or more similar mutations are 

termed as viral quasispecies and its population increases with each replication cycle and is 

connected to the master sequences by one or more mutations (Figure 2.8). 

 

Figure 2.8: Viral quasispecies population increases with each replication cycle are connected 

to the master sequences by one or more mutations (Laurin and Andino; 2010) 

The concept of quasispecies was initially introduced by Manfred Eigen to establishment of 

the first macromolecules model on earth in extremely mutagenic atmosphere. Though, this concept 

has also been applied to viral populations inside its host (Novak, 1992). The importance of this 
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quasispecies model in field of virology is that, if rate of variation is appropriately high, selection 

acts on clusters of variation rather than single sequences (Wilke, 2005). Thus, characteristics of the 

fittest Sequence cannot predict the evolutionary path of the viral infection. The idea of quasispecies 

and its implication in virology has been the subject of some discussions (Holmes & Moya 2002; 

Domingo, 2002). It has been revealed that there is no major conflict among a quasispecies concept 

of within-host evolution and traditional genetics (Wilke, 2005).  

2.20 Methods for HCV Quasispecies Analysis: 

Different methods are used to study Quasispecies. Reverse transcriptase PCR (RT-PCR) 

and later cloning and then sequencing of the desired PCR amplicon is the one approach for 

evaluating the different quasispecies of HCV (Gomez  et al.,  1999). This procedure is very labor 

intensive but the most precise and reliable procedure. On the other hand sufficient number of 

clones should be selected that represent the true quasispecies population  (Forns  et al.,  1997).  

Another method is end point limiting dilution (EPLD) PCR that is alternative way for 

quasispecies analysis. (Ramachandran et al., 2008) One more technique is single strand 

confirmation polymorphism (SSCP) that is based on differential gel electrophoresis (Fishmann et 

al., 2009). This method is simple and fast however the drawback is that the particular nucleotide 

residue cannot be recognized.The next generation sequencing is a big innovation and key 

technology for quasispecies analysis. By introducing these advance methods, the viral population 

can be analyzed much better and in detailedthan ever. It can identify low frequency variants due to 

the high coverage it provides (Bull et al., 2011). 
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2.21 Clinical Impact of Quasi-Species: 

HCV quasi-species have significant research interest and studied broadly. Still it has no 

particular application to control prevalence of HCV or response to treatment. However they are 

significant because in acute hepatitis case, there is slight genetic variability in the HVR1 as 

compared to the chronic case in which the genetic variability is high (Farci et al., 2000).  

Quasispecies have also been used to study the epidemiologically related diseases. HCV 

outbreaks can also be study by using it. They are used to show nosocomial transmission of HCV 

between health care provider and patient, and linkage between needlestick recipients and sources 

of infection (Gretch, 1997). Great diversity of viral sequences in an infected person can cause 

hindering the efficacy of vaccines (Holland et al., 1992). Reconstructing genomic variability of 

viral quasispecies is of substantial importance for this purpose and can be applied as well in 

designing vaccines (Doueket al., 2006; Gaschenet al., 2002) and drugs (Beerenwinkelet al., 2005; 

Rheeet al., 2007) curing patients from particular viral species in vivo. By knowing particular 

quasispecies sequences (Skums et al., 2011) could assess response of interferon treatment for HCV 

infected host, so improving cost efficacy and lessen patient hardship. 
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METHODS 

3.1 Collection of Samples: 

 Human whole Blood sample of patients infected with HCV were collected in BD 

Vacutainer tubes from Molecular Diagnostics Lab, National Centre of Excellence in Molecular 

Biology (CEMB), University of the Punjab Lahore. Centrifuged them at 2000xg for 10 minutes for 

isolation of serum. Serum was aliquot into a fresh and clean Eppendorf tube. Each tube was 

labelled properly and stored at -20°C. All serum samples were negative for hepatitis B virus 

surface antigen (HBsAg; DRG Germany) but positive for anti-HCV antibody (anti-HCV ELISA, 

DRG Germany). A written consent was taken from each patients before sample collection. Clinical 

as well as relevant data were collected from each patient.  

3.2 Patients’ Enrollment:  

 Pretreatment and during treatment sequence diversity of HCV Genotype 3a was analyzed 

in the individuals that received standard Interferon + Ribavirin therapy. Sera were collected from 

40 HCV genotype 3a infected patients. Samples were collected before therapy and three to six 

months follow up data provided the treatment response data. All patients were diagnosed with 

Genotype 3a with no history of alcohol consumption or any other reason of liver injury. Patients 

were treated with standard Interferon plus ribavirin therapy for 24weeks. On the basis of their 

treatment response, they were characterized as sustained virological responders (SVR) i.e. no virus 

detection even after six months and non-responders (NR) because they were PCR positive after the 

completion of the treatment.  
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3.3 Genotyping of HCV Samples: 

 Viral genotype was tested for all serum samples before RNA isolation in the Molecular 

Virology lab, CEMB by using the genotyping assay (Idrees, 2008). The serum samples of local 

genotype 3a were chosen for RNA extraction and further experiments. 

3.4 Primer Designing and Synthesis: 

 Primers were designed to amplify hypervariable region (HVR1) E1E2 and nonstructural gene 5a 

(NS5a) of HCV genotype 3a based on information of present data for these genes and using the 

reference strain of NZL1  accession number D11763 with Primer 3 online tool for primer 

designing. Names and sequences of all the designed primers for this study are mentioned in table-

3.1.  

3.5 RNA Isolation:  

 RNA extraction was done from serum of HCV positive patients with Nucleospin RNA 

extraction kit (Macherey-Nagel, Germany) with few amendments. Briefly, 

1. 600 μl of lyses buffer was added in a clean 1.5ml tube. 

2. 140 μl of serum was added in tube and mixed thoroughly by vortexing. 

3. Tubes were placed at 70 °C in heat bath for about 5 minutes. 

4. Then removed the tube and pipetted 600 μl of absolute alcohol. 

5. Then pipetted samples into a provided column and spun at 13,000 rpm for 60sec. 

6. 500 μl RAW wash buffer was used to wash the columns and spun the tube at 13,000 rpm 

for 5 minutes. 

7. 200 μl of buffer RAV3 then added and spun for 2 minutes at 13,000 rpm. 

8. Centrifuged the Tubes again for 60seconds to take out any residual ethanol.  
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9. Then dried the columns properly by placing the tubes at 70 °C for 5-7 minutes. 

10.  Pipetted 50 μl buffer for elution to the mid of the column and left it for 2 minutes at 

room temperature then centrifuged at 13,000 rpm for 2 minutes. 

11. Extracted RNA was stored at -70 °C. 

Table 3.1: Sequence of Primers used in this study for the amplification of all fragments. 

No. Primer Name Sequences 5’ ------> 3’ 

1 E2-OS ATGGCATGGGATATGAT 

2 E2-OAS AAGGCCGTCCTGTTGA 

3 E2-IS GCATGGGATATGATGATGAA 

4 E2-IAS GTCCTGTTGATGTGCCA 

5 NS5A-OS GACTACCCAAGCCCTTGTAGC 

6 NS5A-OAS CGACATAGAGCAGCAGACCAC 

7 NS5A-IS AGCGACGATTGGCTACGTACC 

8 NS5A-IAS GCA GCAGACCACGCTCTGCTC 

9 HVR1-OS TGGCTTGGGATATGATGATGAACT 

10 HVR1-OAS GCAGTCCTGTTGATGTGCCA 

11 HVR1-IS GGATATGATGATGAACTGGT 

12 HVR1-IAS ATGTGCCAGCTGCCGTTGGTG  

13 NS3-OS GCAAACTAGGGGCCTTCTTGGGAC 

14 NS3-OAS GGAGGAGTTGAATTGTCAGAGAAAGAT 

15 NS3-IS GGGGCCTTCTTGGGACTATTGTGAC 

16 NS3-IAS AGTTGAATTGTCAGAGAAAGATGGAGACCT 
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3.6 Complimentary DNA Synthesis:  

Complimentary DNA (cDNA) was generated by reverse transcribing the eluted RNA (10 

μl) using Maloney Maurine Leukemia Virus (M-MLV reverse transcriptase enzyme) (Life 

Technologies, USA). The cDNA reaction mix was prepared as follows: 

RT-MIX  

 

5X FSB* 4.0 μl 

dNTPs (10mM) 2.0 μl 2.0 μl 

DTT (0.5M) 0.5 μl 

dH2O (DEPC treated) 1.5 μl 

M-MLV RTase (200U/ul) 1.0 μl 

Outer Anti-Sense Primer**(10pmol) 1.0 μl 

Total 10.0 μl 

 

*5X first strand buffer composed of 50 mM tris-HCl (pH 8.30), 7.5 mM KCl, 3mM MgCl2 

** Anti-sense primer is specific and separate for each region/ gene 

Procedure: 

1. 1 μl of anti-sense gene specific Primer was added in the eppendorf tube. 

2. Pipetted10 μl of eluted RNA and mixed well. 

3. Incubated the reaction tube at 70 ºC for 5 minutes. 

4. Then kept on ice for 5 minutes. 

5. Pipetted 9 μl of RT Mix in reaction tube. 
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6. Incubated tube containing whole mixture at 37 ºC for 50 minutes and then inactivated the RT 

Enzyme by heating at 95ºC for 2 minutes and stored at -20 ºC untill further use. 

3.7 PCR Amplification of E1E2 region and NS5a gene of HCV Genotype 3a:  

To amplify both fragments of HCV nested PCR approach was used. Reaction conditions 

were optimized for all primers with respect to region. The reactions set up for PCR were as;  

First Round PCR   

 For each gene specific Outer sense and antisense primers were used in initial round of 

PCR. Taq DNA polymerase (Invitrogen Biotechnologies USA) was added in PCR reaction 

mixture. Following are reaction composition and PCR profile for amplification of fragments: 

10X PCR Buffer* 2.0 µl 

MgCl2 (50 mM) 1.2 µl 

dNTPs (2.5mM)  2.0 µl 

E2OAS (10 pmol/µl) 2.0 µl 

E2OS(10 pmol/µl) 2.0 µl 

Taq DNA polymerase (2U/µl) 1.0 µl 

RT-PCR product 4.0 µl 

dH2O (sterile) up to 20.0 µl 

* 10X PCR Buffer have 200 mM (NH4)2SO4, 50 mM Tris-HCl (pH 8.8 at 25°C), 0.1% (v/v) Tween 20 

 All reagents in PCR tube were mixed well. The tubes were put in thermocycler and 

following run was started.  
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PCR Profile:  

Cycling profile for HVR1is as follow: 

Initial denaturation: 94 °C 2 min 

 94 °C 45 sec 

 54 °C 30 sec 

 72 °C 1.5 min 

 

Final extension: 72 °C 7-10 min 

Second Round PCR:  

Second-round was performed, by adding internal set of primers within the PCR product of 

first round for each gene. The reaction mix was same except that inner set of primer was added for this 

PCR and 4µl of first round product served as a template. The cycling condition was same as in first 

round. 

 

 

 

 

35 cycles 
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Cycling PCR Profile of NS5a: 

Cycling conditions of first and second round is as follow: 

 94 °C 2 min 

 

 94 °C 45 sec 

 54 °C 30 sec 

 72 °C 2.5 min 

 

Final extension: 72 °C 10 min 

 

Once the PCR process was finished then tubes were removed and stored at – 20 °C. 

3.8 Detection of Amplified Product (Gel Electrophoresis): 

After amplification of gene fragments, checked them on 1.2 % agarose gel that was made 

in 100 ml of 1X Tris Acetate EDTA (TAE) buffer by dissolving 1.2 g of agarose. A transparent 

solution was attained by heating this solution. Left it for 5 minutes on room temperature to cool 

nearly 60 °C. 20 ul ethedium bromide was dissolved in solution.  Comb was placed 0.5-1.0 cm 

above the plate for a perfect well formation. Cool it slightly then transferred into the caster. Let the 

gel to solidify by keeping it at room temperature, after that removed the comb carefully. All 

amplicons were loaded onto on 1.2% agarose gels and visualized under UV trans-illuminator after 

run. Bands of desired and specific sizes were cut out from the agarose gel, and used for purification 

of DNA.  

 
72 °C 10 min 

 

35 cycles 



32 
 

3.8.1 DNA Purification:  

 Elution of DNA from gel was performed with GF-1 Gel DNA Recovery Kit (Vivantis Cat# 

GF-GP-100) according to the manufacturer’s procedur briefly: 

1. The desired gel bands of DNA were excised with a sterile razor and put into a clean 

labelled tube.  

2. After weighing excised bands, one volume of binding solution was added to one volume 

of gel. 

3. Then placed the gel containing tube at 50 °C until the band solubilized with buffer. 

Vortexed the tubes infrequently during incubation period. 

4. Solubilized mixture was pipetted into the column containing tube.  

5. The flow through was discarded after spinning the collection tube for 1 min at 10,000 X 

g. 

6. Washed the columns using 750 μl wash buffer and then spun twice on same condition to 

remove any residual.  

7. Placed the columns into a clean eppendorf tube. Then added 25-30 μl of elution buffer 

into the column and left the tube at room temperature for 5 min. 

8. Then again centrifuged the column tube for 1 min at 10,000 x g and stored the purified 

DNA. 

3.8.2 Quantification of purified DNA: 

It is important to calculate the concentration of purified DNA in each sample before 

starting the sequencing and cloning procedure. Quantification of DNA was determined by 

nanodrop spectrophotometer (Nanodrop technologies). Nanodrop spectrophotometer is designed to 

calculate small quantities of sample.  
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3.9 Sequence Analysis: 

Sequencing of all eluted DNA was performed to confirm amplification of each fragment 

before cloning process. For sequencing of each fragment, both gene specific forward and reverse 

primers were used in both directions. Sequencing mixture were prepared according to the 

manufacturer’s instructions. Sequencing mixture was run by using an automated sequencer 

(Applied Biosystems; 3100 DNA Analyzer). Following is sequencing mix composition for a single 

reaction: 

 

5 X sequencing buffer 1.5 μl 

Big dye 1 μl 

(Forward/Reverse) Gene specific primer  1 μl 

Sterile dH2O 4.5 μl 

Template 2 μl 

Total reaction volume 10 μl 

Cycling profile for sequencing  

95 °C 5 min 1 X 

95 °C 30 sec  

50 °C 30 sec 25 X 

60 °C 4 min  

60 °C 15 min 1 X 
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3.9.1 Ethanol precipitation of sequencing PCR products: 

The purification of sequencing PCR products was performed using the following procedure; 

1. The sequencing PCR product was shifted into eppendorf tube. 

2. 2 μl of 3 M sodium acetate, 2 μl 125 mM ethylene diamine tetraacetic acid (EDTA) and 26 μl of 

65% ethanol was added in the sequencing PCR tube.  

3. Left the whole mix at room temperature for 15-20 min. 

4. Samples were spun at 2800 rpm for 30 minutes at 4oC for DNA purification.  

5. Removed precipitate and washed pellet with 70% ethanol. 

6.  Again spun for 20 minutes at 13000 rpm at 4oC 

7. After removing the ethanol, pellet was air dried for 2min at 50oC. 

8. 10 µl formamide was used to rehydrate product then shifted it into microtiter plate.  

9.  Kept it for 5 minutes at 95oC.  

10.  Then immediately put the plate on ice for few minutes. 

3.9.2 Analysis of sequencing products: 

After purification the sequence were run on ABI PRISM 3100 sequencer analyzer. Once 

the run is over, all the obtained sequences were analyzed in both directions (forward and reverse) 

using Chromas lite software (v 2.1). Consensus sequences were then checked by homology studies 

through BLAST (Basic Local Alignment search tool) software. 

3.10 Viral Load: 

The viral load for all samples was quantified by Cepheid smart cycler using HCV Taqman 

assay. 
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3.11 Cloning of PCR Amplified Product In TA Vectors: 

 After confirmation of PCR product through sequencing, all amplified product of HCV were 

individually cloned with TA cloning Kit (Invitrogen USA). Concentration of each DNA fragment 

was calculated by using nanodrop spectrophotometer and then ligated into vector pCR 2.1 

(Invitrogen) at 1:3 molar ratio of vector to insert. This proportion worked well for both fragments. 

Used the following formula to determine the amount of the desired ligated with 100ng of vector. 

Amount of insert = ng of vector × Kb size of insert × molar ratio of insert:vector 

                                                      Kb size of vector   

3.11.1 Ligation reaction:  

The purified amplicons of each region was ligated separately to the pCR 2.1 vector.  

Ligation mix was made as follows: 

 

10 X ligation buffer 1 μl 

PCR 2.1 vector (25ng/ μl) 2 μl 

T4 DNA Ligase (5U/ μl) 1 μl 

Sterile dH2O 4 μl 

PCR product (~10 ng) 2 μl 

 

The ligation mix was incubated overnight at 14 °C. 
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3.11.2 Bacterial strains: 

 Following bacterial strains (table 3.2) was used for transformation of ligation mixture.  

Table 3.2. List of E.coli strains used in this study 

No. Bacterial strains Genotype & Description Source or reference 

1 E. coli DH 5α F’, φ80d/lacZ.M15, recA1, endA1, 

gyrA96, thi-1, hsdR17(rK-, mK+), 

supE44, relA1, deoR, .(lacZYAargF) 

U169; 

CEMB culture 

Collection 

2 E. coli DH 5α 

top10 

F- mcrA .(mrr-hsdRMS-mcrBC) 

ö80lacZ.M15 .lacX74 recA1 araD139 

galU galK (ara-leu)7697 rpsL (StrR) 

endA1 upG 

CEMB culture 

Collection 

 

3.11.3 Preparation of bacterial cells and transformation: 

 The CaCl2 protocol (Sambrook and Russell, 2006) was used to prepare E coli competent cells. 

1. Two ml of Lauria Bertani (LB) media was inoculated from a single colony and kept at 37 °C 

overnight. 

2. After overnight incubation, 1 ml of bacterial culture was diluted in 500 ml of LB media 

with selection antibiotics and kept for about 3 hrs at 37 °C in shaker until the O.D of 

culture was 0.4 to 0.5. 

3. Then bacterial culture was put on ice for 30 min. 

4. Pelleted down the culture by centrifugation at 4 °C for 10 min at 4000 rpm. 

5. Washed the cell pellet twice using 20 ml of 100mM ice chilled CaCl2 solution. Then 

resuspended in 100mM CaCl2 and 15% glycerol solution.  

6. 100ul of competent cells were then transferred to a sterile pre chilled eppendorf tube.  

7. Then competent cells were directly used for transformation. 
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8.  Pipetted 2-5 μl of ligation mixture in 100 μl fresh competent cells and then kept on ice for 30 

minutes. 

9. The tubes were kept in a water bath at 42oC for 90 seconds and then on ice for 1min. 

10.   After the addition of 400 μl LB media, then tubes were put at 37OC for 1hour. 

11. After incubation, 150 μl of transformation culture was poured onto LB agar plate with 

appropriate antibiotic(s). 

3.11.4 Selection of transformed clones: 

 Only those cells were supposed to be grown on L.B plates that were transformed 

successfully carrying Plasmid with desired fragment of HCV. Though some false positive 

colonies were also assumed to appear so maximum colonies were screened for the presence of 

transformed plasmid. Screening of positive clones were done with colony PCR as well as 

restriction digestion of transformed plasmid and finally confirmed with sequencing. 

3.11.5 Colony PCR: 

1.    Individual colonies from drug supplemented plate were taken, and then inoculated in L.B media 

of 5 ml volume containing 12.5 g/ml tetracycline and 100 g/ml ampicillin and incubated at 37 

°C in shaking incubator with 225 rpm speed for 24 hrs. 

2.   After incubation, 100 μl of broth was shifted to 1.5ml tube and spun it at 13,000 rpm for 2 

minutes to make pellet. 

3.  Supernatant was discarded and resuspended pellet in 50 μl of 1X T.E buffer. 

4.      Cells were then treated at 100 °C for 10 minutes for heat shock and again centrifuged. 

5.      Supernatant having plasmid of desired insert was used as a template for PCR analysis 

and reaction mixture using primers of respective genes was prepared by adding 1U of Taq DNA 
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polymerase, 1 ul of 10 X PCR buffer, 1ul of 10mM dNTPs, 1.2ul of 25mM MgCl2, 0.5ul  of 20pM 

of each primer (forward and reverse) and  made total volume up to 10 ul with dH2O for a single 

reaction. 

8.      PCR profile for each respective gene was the same as in second round of nested PCR. 

9.      PCR fragments were checked on 1.2% of pre-stained ethidium bromide agarose gel to 

visualize the specific bands of DNA by using UV illuminator. 

10.   Markers of DNA were run to evaluate the sizes of the bands.  

3.11.6 Plasmid Isolation: 

Plasmid isolation was done from 20-25 of positive colonies after colony PCR analysis. 

 Five ml of broth having positive colonies incubated at 37 °C for 16 hours on shaker with 225 

rpm speed. Miniprep Kit Fermentas (Life Science technologies USA) was used according to 

manufacturer's protocol which was as followed. 

1.    Bacterial cells in culturing tubes were centrifuged to settle down pellet at 10,000 xg for 2 

minutes. 

 2.      Re-suspended the pellet by pipetting 250 ul of buffer P1 and vortexed thoroughly to dissolve 

pellet. 

3.     Inverted the tubes gently 5 times to lyse the cells completely after addition of 250 ul of lysis 

buffer. 

4.     Then neutralized reaction by addition of 350 ul of neutralizing solution and precipitated 

proteins and genomic DNA by inverting tubes. 

5.     Centrifuged tubes for 10 minutes at 10,000 xg and supernatant were shifted to collection 

tube. 
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6.    For 1 minute, samples were spun at 10,000 xg through the column letting the plasmid DNA to 

attach the column surface. 

7.   After adding 700 ul of wash buffer, spun for 1 minute at 10,000 xg for washing of column 

bound DNA. Column was put back to the tube after discarding the flow and centrifuged it again 

for 2 minutes at 14,000 xg to eliminate any residual. 

8.     Column was shifted to new eppendorf tube for elution of DNA. Pipetted nuclease water of 50 

ul  in the centre of the column for elution purpose. Spun the tube for 1 min at 10,000 xg for 

collection of DNA. 

9.    The Plasmid DNA in pure form was then quantified using spectrophotometer and stored at -

20 °C. 

3.11.7 Restriction Digestion Analysis: 

 Restriction digestion of purified plasmid containing desired insert was performed with 

restriction enzymes (as required). Reaction mixture was prepared as follows: 

 

Plasmid DNA (~1ug) 10 ul 

Enzyme (10U/ ul) 1 ul 

10 NE buffer 2 ul 

Sterile dH20 6 ul 

Total volume 20 ul 

  

 The digestion mixture was placed at 37 °C for 2 hours and then checked samples along 

with1 Kb DNA marker on 1.2 % of agarose gel. Positive transformed constructs were chosen with 

specific sizes on gel. 
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 3.12 Sequencing of HCV clones: 

  Both amplicons HVR1 and NS5a from all fifteen samples were cloned and sequenced 

following the methods explained earlier. The sequence of all positive cloned samples were 

obtained by using the vector specific primers (M13 forward and reverse) and gene specific 

(forward and reverse) in four separate reactions. Sequence and name of vector specific primers is 

mentioned in Table 3.3. Reaction composition and cycling condition was same as mentioned above 

(3.9). 

Table 3.3. Vector specific primers used in present study. 

No. Primer Name Primer Sequences  (5’- 3’) Oligo size 

1. M13 Forward GTAAAACGACGGCCAG 16 

2. M13 Reverse CAGGAAACAGCTATGAC 17 

 

3.13 Sequence Analysis: 

 Analysis of all clone sequences was done using SeqMan and MEGALIGN tool of 

lasergene software (DNASTAR). All the quasispecies sequences were submitted to NCBI 

Genbank.  

3.14 Quasi-species Sequence Analysis:   

Twenty to twenty five sequences of each patient were cleaned and then aligned using 

Clustal W alignment tool. Phylogenetic tree was constructed for each gene using MEGA 5 

software. Statistical Neighbor-joining (NJ) approach was used to generate phylogenetic tree 

(Tamura et al., 2004). Genetic distance of all patients was also calculated through MEGA 5 
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software at different stages during antiviral treatment. Intra and interpatient distance of HVR1 of 

all samples was calculated by heat map of hamming distances using Matlab tool. 

3.15 Next Generation Sequencing 

   3.15.1 Sample collection of HCV Genotype 3a:  

 Whole blood from HCV patients were collected in serum separation (SST) BD Vacutainer. 

Serum from blood samples were separated and transferred to a clean eppendorf tube, labelled 

properly and stored at -70 °C until further processing.  

3.15.2 Nucleic Acid Extraction:  

Nucleic acid extraction was done at Division of Viral Hepatitis (DVH). Centers for 

Diseases Control & Prevention (CDC) USA using MagNA Pure LC Total Nucleic Acid Isolation 

Kit by Roche (Cat. No. 03038505001).  

Procedure:  

The principle steps for total nucleic acid extraction are:  

1.  The serum of sample was transfered into the the Sample Cartridge.  

2.  Lysis/Binding Buffer was added to the sample to release nucleic acid after cell lysis. Nucleases 

were denatured.  

3.   Then proteins were digested by adding Proteinase K to the sample. 

4.  Nucleic acids (NA)bound to the silica surface of the added MGPs due to the chaotropic salt 

conditions, isopropanol, and the high ionic strength of the Lysis/Binding Buffer.  

5.  MGPs with bound nucleic acids were magnetically detached from the remaining sample.  
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6.  MGPs with attached NA were washed again and again using Wash Buffer to get rid of 

unattached substances like proteins etc.  

7.  Again MGPs with bound total NA were magnetically detached from the Wash Buffer having 

sample debris.  

8.  The extracted nucleic acids were eluted from the MGPs at 70°C in the wells of the Elution 

Cartridge, whereas the MGPs were discarded after elution that present in the reaction tip. 

Protocol for Nucleic Acid Extraction:  

1.  Switched the instrument ON  

2.  On the desktop screen, clicked on the “MagNa Pure LC Software”.  

3.  Selected “Decontamination”.   

4.  Allowed the instrument to be decontaminated for at least 20 min before using.  

5.  After decontamination clicked “OK” to exit the decontamination window.  

6.  On the start screen, selected sample ordering and choose “Total NA Serum Sample Plasma 

Blood” protocol.  

7.  Entered sample identifier according to the corresponding positions in the worksheet screen.  

8.  Clicked “Start Batch”   

9.  Following the software instruction placed cartridges, tips and reagents in indicated positions.  

Note: Avoid Magnetic Glass Particles (MPG) sedimentation by placing them into the 

corresponding reagent tub just before starting the run.  

10.  Put the cartridge having the specimens on the deck.  

11. It was made sure all reagents are placed in the appropriate positions on the deck by clicking 

each position on the screen.  

12. Clicked “OK” to start the run.  
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13. Removed all disposables from the instrument deck after completing the isolation. 

14. Decontaminated the deck as explained in above (step 3)  

NOTE: Elution volume 50µl. 

3.15.3 Complimentary DNA (cDNA) Synthesis: 

Complimentary DNA cDNA was made by using the SuperScript® VILO™ cDNA Synthesis Kit 

(Cat No. 11754-250). This cDNA synthesis kit reverse transcribe the total extracted RNA into 

cDNA. 

Protocol for First-Strand cDNA Synthesis 

For several reactions, master mix was prepared without RNA. 

REACTION MIX: 

5X VILO™ Reaction Mix  4 μl 

10X SuperScript® Enzyme Mix  2 μl 

RNA (up to 2.5 μg)  14 μl 

Total Volume  20 μl 

 

1. Gently vortex the tube and kept at 25 °C for 10 minutes. 

2. Incubated mixture tube at 42 °C for 60 minutes. 

3. Terminated the reaction at 85 °C for 5 minutes and kept at –20 °C until further use. 

3.15.4 Real Time PCR (RT-PCR) Amplification of both regions of HCV 

Genotype 3a: 

The cDNA was then used for the real time amplification of HVR1 and NS3 regions product. 
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Reaction Mix First Round: 

PerfeCTa® SYBR Green FastMix 10 μl 

Primer Fwd External (2μM)  2 μl 

Primer RVS External (2μM) 2 μl 

cDNA 4 μl 

Nuclease free water upto 20 μl 

 

RT-PCR profile: 

PCR was run on a thermocycler with Real Time amplification reading capabilities such as 

the Stratagene MX3005 or Roche Light Cycler with the following PCR conditions: 

Enzyme activation: 95 °C 5 min 

94 °C 45 sec 

55 °C 10 sec 

72 °C 30 sec 

 

Reaction Mix for Nested PCR: 

PerfeCTa® SYBR Green FastMix 10 μl 

Primer Fwd internal (2μM)  2 μl 

Primer RVS internal (2μM) 2 μl 

Ist Round Product 2 μl 

Nuclease free water upto 20 μl 

 

 

35 cycles 
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RT-PCR profile: 

Enzyme activation: 95 °C 5 min 

 

 

 

 

Melting curve analysis was conducted to identify the peaks corresponding to each and 

every amplicon. 

3.15.5 Sanger Sequencing of RT-PCR product: 

Positive samples for both regions were sequenced through Sanger sequencing. Nested PCR 

products were diluted (1:10 in sterile water) and put into independent well of 96 wells plate. 

Separate Master Mixes were prepared for HVR1 and NS3 fragment. PCR cleanup process was not 

required Sequencing mix composition and PCR protocols are described previously. Amplicons 

were run on ABI 3130 under standard conditions. 

3.15.6 Sequence Cleaning and Data Analysis: 

The obtained sequences were then cleaned and consensus sequences were generated using 

DNA Lasergene software.  

 

 

95 °C 10 sec 

55 °C 10 sec 

72 °C 30 sec 

 

Melting curve (1 Cycle) 95 °C               10 sec  

 60 °C         10 sec and continuous reading 

  at 10 points per Celsius until 95 °C 

35 cycles 
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3.15.7 Quantification of DNA: 

To quantify the DNA samples were run on the Agilent 2100 Bioanalyzer using the Agilent 

DNA kit (Cat no. 5067-1504). 

Procedure 

1. Preparation of Gel-Dye Mix 

1. DNA dye  (blue) and DNA gel matrix (red) kept at room temperature for 30 min. 

2. After vortexing 25 μl of the DNA dye added to a gel matrix vial. 

3. Vortexed solution properly and spun down. Transferred to spin filter. 

4. Centrifuged for 15 min at 2240 xg ± 20 %. Stored the solution at 4 °C. 

2. Loading the chip: 

1. Kept the gel-dye mix at room temperature for 30 min before loading. 

2. Placed a new chip for quantification and then 9.0 μl of gel-dye mix was added in the well 

marked G  

3. Made sure that the position of plunger is about at 1 ml and then closed the station. 

4. Plunger was pushed untill it was carried by the clip. 

5. Waited for 60 sec then released clip. 

6. After 5 sec, plunger was pulled back to 1ml position gently. 

7. Opened the chip priming station and added 9.0 μl of dye mix in the all wells. 

8. 5 μl of marker (green) added in all sample wells as well as ladder well.  

9. 1 μl of DNA ladder (yellow) was added in the ladder well. 

10. Added 1μl of purified sample into each well. 

11. Placed the chip in the vortexer. Vortexed the chip for 1 minute at about 2200 rpm. 

12. Run the chip in the Bioanalyzer within 5 min. 
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3.16 Emulsion PCR Procedure:  

 Clonal amplification of purified PCR product was done using emulsion based PCR 

(454/Roche) with GS junior titanium emPCR amplification kit. Briefly: 

3.16.1. Reagents preparation: 

1. Thawed the all reagents at room temperature, except the Enzyme and the PPiase, Once 

thawed, vortexed all reagents for few seconds. 

2. After vortexing the tube of Additive kept it at 55 ºC for 5 minutes for dissolving.  

3. All kit reagents spun down for 10 seconds.  

4. Vortexed the emulsion oil tube for 10 seconds at maximum speed, and poured the whole 

content into the Turrax stirring tube.  

5. Prepared 1x Mock solution by dissolving 430 μl of Mock Mix to 1.72 ml of Biology Grade 

Water. Mixed it by vortexing. 

6. Added 2.0 ml of freshly prepared Mock solution to the Turrax tube having the emulsion oil.  

7. Set the Ultra Turrax Tube Drive (UTTD) to 4000 rpm for 5 minutes.  

8. Placed the stirring tube in the Ultra Turrax Tube Drive (UTTD) and started at 4000 rpm for 5 

minutes.  

9. Then prepared the Live Amp Mix A and the Live Amp Mix B in two cleaned tubes, according 

to table. 

10. Vortexed the Live Amp Mixes A (Table-3.4A) and B (Table-3.5B) for 5 seconds, and kept 

them on ice.  
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Table 3.4A: Preparation of the Live Amp Mix A 

Reagent Volume (μl) 

Mol. Bio. Grade 

Water 

205 

Additive 260 

Amp Mix 135 

Amp Primer A 40 

Enzyme Mix 35 

PPiase 1 

Total: 676 

 

Table 3.5B: Preparation of the Live Amp Mix B 

Reagent  Volume (μl)  

Mol. Bio. Grade 

Water  

205  

Additive  260  

Amp Mix  135  

Amp Primer B  40  

Enzyme Mix  35  

PPiase  1  

Total:  676  
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3.16.2. DNA Library Capture: 

1. 1x Wash Buffer was prepared by dissolving 0.5 ml of Wash Buffer in 4.5 ml of Biology Grade 

Water. 

2. 1 ml of freshly prepared Wash Buffer was added to both tubes containing Capture Beads and 

vortexed. 

3. Capture Beads was pelleted in a mini centrifuge, spun for few seconds, moved the tube 180°, 

and spun again (spun-rotated-spun). 

4. Supernatants were removed carefully and discarded without touching the pellets. 

5. Washed the Beads again using 1 ml of prepared Wash Buffer. Vortexed well to resuspend the 

pellet, spun-rotated-spun, and supernatant discarded. 

6. Then thawed tube of the Amplicon DNA library. 

7. Calculated the volume of DNA library needed by using the following equation: 

μl of DNA library per tube = desired molecules per bead x 5 million beads 

                                                      library concentration (in molecules/μl) 

8. Calculated amount of the DNA library was added to the tube of washed Captured Beads A and 

vortexed tube. 

9. Added the same amount of Amplicon DNA library to the Capture tube B and vortexed. 

3.16.3. Emulsification: 

1. 600 μl of Live Mix B was added to the captured tube B. Vortexed, and transferred the whole 

mixture into the Turrax tube. 

3. The stirring tube was placed in the UTTD and started at 2000 rpm for 5 minutes. 

4. Added 600 μl of Live Mix A was added to the captured library tube A. Vortexed, and then 

transferred the whole mixture into the same Turrax tube as in Step 1. 
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5. The stirring tube was placed in the UTTD and started it. 

3.16.4. Amplification 

3.16.4.1 Emulsion Amplification:  

1. 100 μl of emulsion was aliquoted into a 96-well plate with a combitip, by gently aspirating. 

2. All the wells were caped properly. 

3. Cleaned up the working place of any spilled reaction mixture. 

4. The plate was run in a heated cover thermocycler.  

 

94 °C 4 min 

 

94 °C 30 sec 

58 °C 4.5min 

68 °C 30 sec 

 

10 °C ∞ 

 

3.16.5 Bead Recovery 

3.16.5.1 Emulsion collection: 

1. A 50 ml conical tube was attached to the lid from Oil and Breaking Kit in ventilated hood.  

2. The blue connector was inserted into the upper opening of the transpette. 

3. The other side was attached to a vacuum source.  

4. Then the vacuum was turned on and collected the emulsions in the 50 ml tube. 

5. 100μl of isopropanol was used to rinse each well twice.  

35 cycles 
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6. SLOWLY aspirated extra 5 ml of isopropanol to recover any material that might left in the 

tubing.  

7. Vacuum was turned off and caped the tube having the DNA beads.  

3.16.5.2 Washing of Beads: 

1. After vortexing the emulsion tube, isopropanol was added to a final volume up to 35 ml and 

vortexed again to re-suspend the emulsion. 

2. The beads were pelleted down at 930 x g for 5 min and poured out the supernatant carefully. 

3. 10 ml of Enhancing Buffer was added and thoroughly vortexed to re-suspend it. 

4. Added isopropanol upto 40 ml final volume and vortexed well. 

5. The beads were pelleted at 930 x g for 5 min and then removed the supernatant carefully. 

6. Repeated steps 5 and 6. 

7. Then ethanol was added upto 35 ml final volume and vortexed well 

8. Pelleted the beads again using above condition and removed the supernatant carefully. 

9. Enhancing Buffer was added upto 35 ml and vortexed well. 

10. The beads were pelleted at 930 x g for 5 min and removed the supernatant carefully, almost 2 

ml of Enhancing Buffer was left. 

11. The DNA bead was transferred into a 1.7 ml provided tube. 

12. Spun-rotated-spun and discarded the supernatant. 

13. 50 ml tube was rinsed using 1 ml of Enhancing Buffer, and added this solution to the same 1.7 

ml tube. Spun-rotated-spun and then discarded the supernatant. 

14. The bead pellet was washed twice using 1 ml of Enhancing Buffer. Spun-rotated-spun and 

supernatant was discarded. 
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3.16.6. DNA Bead Enrichment 

 3.16.6.1 Enrichment Beads Preparation: 

1. Dry heating-block was turned on and set at 65 °C. 

2. Melt Solution was prepared by dissolving 125 μl of NaOH (10 N) in 9.875 ml of Biology Grade 

Water. 

3. 1 ml of Melt Solution was added to the tube containing beads and vortexed. Then incubated at 

room temperature for 2 minutes. Spun-rotated-spun and supernatant was discarded. 

4. Repeated above Step once. 

5. Annealing Buffer was added upto 1 ml to bead tube and vortexed. Spun-rotated-spun and 

discarded the supernatant. 

6. Repeated Step 5 twice. 

7. 45 μl of Annealing Buffer, 15 μl of Enrich Primer A and B was added to the tube of beads, and 

vortexed. 

8. The tube was placed in a dry heat block for 5 minutes at 65 °C, then quickly cooled on ice for 2 

min. 

9. 1 ml of Enhancing Buffer was added to the tube of beads and vortexed. Spun-rotated-spun and 

supernatant was discarded. 

10. Repeated Step 9 two more times. 

11. 1 ml of Enhancing Buffer was added again to the 1.7 ml bead tube and vortexed. Then laced  

12. The tube containing brown Enrichment Beads was vortexed for 60 sec to completely re-

suspend its material.  

13. The tube was placed in a Magnetic Particle Concentrator (MPC) and waited for 3 minutes to 

pellet down the Enrichment Beads. Then supernatant was discarded carefully.  
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14. 500 μl of Enhancing Buffer was added and vortexed it.  

15. The Beads were pelleted with an MPC and then supernatant was discarded carefully. 

16. Repeated Steps 4 to 5 once.  

17. Then 80 μl of Enhancing Buffer was added and vortexed tube.  

3.16.6.2 Enrichment of the DNA Beads:  

1. 80 μl of Enrichment Beads was added to the tube of beads and vortexed well.  

2. The tube was placed on the LabQuake, at RT for 5 min.  

3. Then the tube was placed in MPC, and waited few minutes to pellet down the Beads.  

4. MPC was inverted many times and waited for settle down.  

5. 1000 μl pipette was used to remove the supernatant carefully. 

6. The beads were washed using Enhancing Buffer till no white beads were visible in the 

supernatant.  

7. Repeated above step 7 to 10 times until no white DNA beads were aspirated. 

3.16.6.3 Collection of the Enriched Beads containing DNA: 

1. Tube containig enriched beads was removed from the MPC and 700 μl Melt Solution was 

added.  

2. Vortexed for few seconds, and the tube was placed back in the MPC and waited till the beads 

have pelleted down.  

3. The supernatant having the enriched DNA beads was transferred to a fresh 1.7 ml tube.  

4. 700 μl Melt Solution was added again to the tube.  

5. Repeated step 2 and 3 once.  

6. Spun down the tube and the supernatant was discarded.  

7. 1 ml of Annealing Buffer was added and vortexed for 5 seconds.  
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8. Spun down the tube and the supernatant was discarded.  

9. Repeated Steps 7 and 8 twice.  

10. 100 μl of Annealing Buffer was added and then vortexed to re-suspend the beads.  

3.16.7. Sequencing Primer Annealing:  

1. 15 μl of Seq Primer A and Seq Primer B was added and vortexed.  

2. The 1.7 ml tube was placed at 65 °C for 5 min, and then quickly cooled for 2 min on ice.  

3. 1 ml of Annealing Buffer was added and vortexed. Spun-rotated-spun, and supernatant was 

discarded.  

4. Repeated Step 3 twice.  

5. 1 ml of Annealing Buffer was added again to the bead pellet and vortexed.  

6. Spun-rotated-spun to pellet the beads.  

7. Sent beads to core facility for sequencing. 

3.17 Error Correction of the Deep Sequencing: 

The original sequences (raw data) obtained from NGS were processed by means of the 

SFFFILE tools. By using MIDs sequences of each sample were recognized and divided. Poor 

quality sequence reads were deleted. The pyrosequencing files were analyzed using the KEC error 

correction algorithm(Skums et al., 2011), which is very appropriate for quick retrieval of good 

quality haplotypes from sequences generated by deep sequencing of desired amplicon from diverse 

viruses. KEC algorithm program is based on the distribution of observed k-mers (substrings of 

reads of a fixed length k). A research work justification stated that the KEC algorithm has a great 

precision in detecting and estimating the frequency of true haplotypes, removing false haplotypes.  
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.RESULTS 

4.1: HCV complementary DNA (CDNA) Synthesis and PCR Amplification of 

HVR1 (E1E2) and NS5a genes: 

Figure 4.1 and figure 4.2 show PCR amplified regions of HCV HVR1 and NS5a 

respectively. Initially, HCV RNA of predominant genotype 3a was extracted from the serum of 

HCV chronic patients. Table 3.1 shows list of primer pairs used to amplify E1E2 (HVR1) and 

NS5a fragments. Due to high genomic variability within the E2 gene two pairs of primers were 

selected, out of which only one pair performed well. The cDNA was made using anti sense primer 

of both genes. The PCR conditions were optimized for both fragments of the HCV. Amplification 

was done after addition of sense primer for both genes. Accurate PCR amplicons were obtained as 

an amplification product of 320-bp of E1E2 and 1356-bp of NS5a genes were present in each case. 

The amplified product was checked on a 1.2 % agarose gel. All amplified bands (Figure 4.1 & 4.2) 

of required size were cut from gel and purified.  

 

 

Figure 4.1: PCR amplification of HCV HVR1 region. Lanes 2-11 represent E2 gene PCR 

product of 320-bp; lane 1: 50 bp ladder. 
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4.2. Amplification of NS5a gene: 

 

 

Figure 4.2: PCR amplification of NS5a gene. Lane 1-8 represent NS5A gene PCR product; 

lane 9: NC; Lane 10: high range marker 

4.3 Cloning of the Amplified Fragments in Molecular Cloning Vectors: 

To study Dynamics of Quasispecies of Envelop gene and NS5a gene, we cloned these 

amplified products in pCR 2.1 TOPO vector. The amplified products were ligated in the vector. 

Figure 4.3 represents the schemes for cloning of E1E2 gene in pCR 2.1 Vector. 

4.3.1 Cloning of HCV E1E2 gene in TA Vector & Restriction Digestion 

Analysis of TA clones of E2 gene: 
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Figure 4.3: Schematic illustration of the cloning of E1E2 region in pCR 2.1TOPO vector. 

4.3.1a Restriction Analysis of TA Clones of E1E2 gene: 

EcoR1 enzyme was used for restriction digestion of clones. Digested fragment was run on 

1.2% agarose gel (Fig- 4.4). 

 

 

Figure 4.4: Restriction enzyme digestion analysis of the recombinant plasmids carrying a 320 

bp fragment of HVR1 region. Lane 12: 1kb DNA Ladder, Lane 1-11 is representing the 

digestion of TA Clone of E1E2. 
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4.3.2 Cloning of HCV NS5A gene in TA Vector & Restriction Digestion 

Analysis of TA clones of NS5A gene: 

Figure 4.5 demonstrates the approaches for cloning of NS5a gene in pCR 2.1 Cloning 

Vector.    

 

Figure 4.5: Schematic representation of full length NS5A gene cloning in pCR 2.1TOPO 

vector. 

4.3.2a Restriction Analysis of TA Clones of NS5a gene: 

EcoR1 enzyme was used for restriction digestion of clones of NS5a. Digested fragment 

was run on 1% agarose gel (Fig 4.6). 
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Figure 4.6: Restriction enzyme digestion analysis of the recombinant plasmids carrying a 

1356 bp fragment of NS5a gene. Lane M: High Range DNA Ladder, Lane 1-10: 

digestion of NS5a gene. 

4.4 Quasi-specie Analysis 

4.4.1 Quasispecie Analysis of HVR1: 

Twenty to 25 colonies showing a distinct quasispecies of a single patient were selected 

from each LB agar plate, and were proceed further. The positive colonies were sequenced with 

vector specific as well as gene specific primers in both directions. All the sequences of clones were 

assembled to create a consensus sequence by using DNASTAR lasergene tool. The quasispecies 

sequences were submitted to Genbank. The Accession numbers for the local HVR1 region are 

KT030080-KT030204, KT072603-KT072627, KT301942-KT302061, KT589977-KT590036. 

Approximately 300 sequences were obtained for 15 patients. Only unique sequences of each 

patient were included for further analysis. The alignment of sequences was done with Clustal W 

and phylogenetic tree was generated using neighbor joining algorithm implemented in MEGA 5. 
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The leaves of the same color in the tree correspond to single quasispecies from single patient algorithm. 

Analysis shows no intermixing of the quasispecies. 

 

 

Figure 4.7: Phylogenetic tree showing different Quasispecies of HVR1 of Pak isolates. Colors 

represent patients. 

4.4.1a Heat Map of Hamming Distances of HVR1: 

Figure 4.8 demonstrate the Heat map of the Hamming distances between all sequences of 

HVR1. The color scale represents the observed range of distances, for which the cooler colors 

(starting from blue) signify shorter distance and warmer colors (the maroon part of the scale) 
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signify longer distances. In the heat map, the blue boxes along the diagonal correspond to the pair 

wise distances of the sequences that belong to the same patient. These intra-patient distances are 

shorter than the distance between two patients indicated by warmer colors. 

 

Figure 4.8: Heat map of the Hamming distances between all sequences of HVR1. 

4.4.1b Inter and Intrapatient Distances: 

Figure 4.9 shows histogram of all pair wise intra- and inter-patient Hamming distances 

between HVR1 sequences. Distances between sequences that belong to the same patient (intra) are 

denoted by blue bars and distances between sequences that belong to different patients (inter) are 

denoted by red bars. The intra-patient distances are smaller than the inter-patient distances. 
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Figure 4.9: Histogram of all pairwise intra- and inter-patient Hamming distances between 

HVR1 sequences. The x-axis displays the distance and the y-axis displays the 

percentage of pairs found to have that distance. 

4.4.2 Quasispecies Analysis of NS5A: 

Figure 4.10 illustrate the phylogenetic tree showing different quasispecies of NS5A of 

Pakistani isolates. Total 15 to 20 colonies were selected for sequencing. The sequences were 

submitted to Genbank. The Accession numbers for the local NS5a gene sequences are KT755916-

KT756170, KT779127-KT779156. The alignment of sequences was done with Clustal W and 

phylogenetic tree was generated using neighbor joining algorithm implemented in MEGA 5. The leaves 

of the same color in the tree correspond to single quasispecies from single patient algorithm.  
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Figure 4.10: Phylogenetic tree showing different quasispecies of NS5A of Pak isolates. 

 4.5 Relationship of Viral load, Genetic distance and Treatment response: 

Table 4.1 translates the study disposition. No significant association has been found 

between baseline viral titer and treatment outcome to the standard interferon plus ribavirin therapy 

in responder (SVR) and non-responder groups (NR). Thus we can say that high viral titer does not 

certainly influence the therapy outcome. Genetic distance among quasispecies measures the viral 

diversity in the host. In the present study, the genetic distance between the non-responder groups 

was not significantly high as compared to the responder group. There is a no significant association 

found between genetic distance and treatment response. The details are given in the table below.  
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Table 4.1: Patient response to treatment, their genetic distances and Viral load 

Patient and type of 
treatment response 

Age Sample 
Taken  

Viral 
load 

IU/ml 

Genetic  
Distance 
Of HVR1 

Genetic  
Distance 
Of NS5a 

Responder (SVR)   

P1 42 Baseline <4.5×10
5
 0.015 0.005 

  After 3 months <200   
  After 

treatment 
<200   

P3 56 Baseline >4.5×10
5
 0.021 0.004 

  After 3 months >200   

  After 
treatment 

<200   

P4 25 Baseline >4.5×10
5
 0.008 0.002 

  After 3 months <200   

  After 
treatment 

<200   

P7 35 Baseline <4.5×10
5
 0,010 0.004 

  After 3 months <200   

  After 
treatment 

<200   

P8 33 Baseline <4.5×10
5
 0.015 0.003 

  After 3 months <200   

  After 
treatment 

<200   

P9 27 Baseline >4.5×10
5
 0.012 0.005 

  After 3 months <200   

  After 
treatment 

<200   

P10 45 Baseline <4.5×10
5
 0.009 0.001 

  After 3 months <200   

  After 
treatment 

<200   

P11 28 Baseline <4.5×10
5
 0.011 0.006 

  After 3 months <200   

  After 
treatment 

<200   

P12 37 Baseline <4.5×10
5
 0.017 0.007 

  After 3 months <200   
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  After 
treatment 

<200   

P13 38 Baseline <4.5×10
5
 0.020 0.005 

  After 3 months >200   
  After 

treatment 
<200   

Non Responder   
P2 44 Baseline >4.5×10

5
 0.032 0.008 

  After 3 months >200 0.025 0.007 

  After 
treatment 

>200 0.020 0.007 

P5 50 Baseline <4.5×10
5
 0.028 0.009 

  After 3 months >200 0.028 0.009 

  After 
treatment 

>200 0.025 0.007 

P6 39 Baseline >4.5×10
5
 0.022 0.007 

  After 3 months >200 0.018 0.005 

  After 
treatment 

>200 0.010 0.005 

P14 47 Baseline >4.5×10
5
 0.038 0.017 

  After 3 months >200 0.029 0.011 

  After 
treatment 

>200 0.028 0.009 

P15 49 Baseline <4.5×10
5
 0.030 0.010 

  After 3 months >200 0.030 0.005 
  After 

treatment 
>200 0.022 0.006 

 

4.6 Quasispecies Analysis of HVR1 and NS3 through NGS: 

In order to study quasispecies at much greater detail 13 HCV positive samples of genotype 

3a were analyzed through NGS. We obtained thousands of reads and variants for each patient. 

Detail is given in table 4.2 and 4.3. The original sequences (raw data) obtained from NGS were 
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processed by means of the SFFFILE tools. The pyrosequencing files were analyzed using the KEC 

error correction algorithm. 

Table 4.2: NGS data of HVR1 

Patient # haplotypes #all reads Freq 

major 

%Freq 

major 

NT diversity # Of PP 

PAK1 450 8681 2199 25.331 0.013 62 

PAK2 5524 18133 1279 7.053 0.056 164 

PAK3 12 43 17 39.535 0.01 15 

PAK4 495 4393 1314 29.911 0.016 81 

PAK6 1255 3179 308 9.689 0.038 61 

PAK8 4506 8231 274 3.329 0.031 98 

PAK9 2014 4552 400 8.787 0.041 121 

PAK11 471 8744 4205 48.09 0.015 159 

PAK12 2362 16959 3671 21.646 0.038 136 

PAK13 1116 7078 460 6.499 0.017 122 

PAK14 1645 8378 2996 35.76 0.022 73 

PAK18 163 1402 502 35.806 0.034 68 

PAK19 47 68 11 16.176 0.053 17 

Average 1508 6910 1356 22% 0.029 96% 

(Freq= frequency, NT= Nucleotide diversity, PP= Polymorphism) 

4.6.1 Quasispecies Analysis of HVR1: 

Figure 4.11 demonstrate phylogenetic tree showing different quasispecies of HVR1 of 

Pakistani HCV isolates. A tree was constructed using the neighbor-joining approach (Saitou and 

Nei, 1987) through Matlab.Colors represent the patients used for analysis. 
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Figure 4.11: Phylogenetic tree showing different quasispecies of HVR1 of Pak isolates. 

4.6.1a. Heat Map of Hamming Distances of HVR1: 

Figure 4.12 shows Heat map of the Hamming distances between all sequences of HVR1 of 

13 patients. The color scale represents the observed range of distances from 0 to 0.264, for which 

the cooler colors signify shorter distance and warmer colors signify longer distances. In the 
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heatmap, the blue boxes along the diagonal correspond to the pairwise distances of the sequences 

that belong to the same patient. Big blue box indicating intra-distance of patient 2 that has higher 

no of sequences. 

 

 

Figure 4.12: Heat map of the Hamming distances between all sequences of HVR1. 
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Table 4.3: NGS Data of NS3 

Patient # haplotypes # All reads Freq major % Freq major NT diversity 

PAK1 180 5566 2668 47.934 0.008 

PAK2 594 777 49 6.306 0.021 
PAK3 179 471 94 19.958 0.01 

PAK4 67 157 61 38.854 0.009 
PAK6 1607 1924 17 0.884 0.017 

PAK8 615 895 98 10.95 0.014 
PAK9 428 883 96 10.872 0.012 

PAK11 110 956 575 60.146 0.007 
PAK12 4 4 1 25 0.003 

PAK13 473 1227 77 6.275 0.011 
PAK14 242 748 92 12.299 0.013 

PAK18 765 1363 93 6.823 0.016 
PAK19 150 275 40 14.545 0.014 

Average 416 1172  19 0.011 

(Freq= frequency, NT= Nucleotide diversity) 

4.6.2 Quasispecies Analysis of NS3: 

Figure 4.13 demonstrate phylogenetic tree showing different quasispecies of NS3 of 

Pakistani isolates. A phylogenetic tree was generated using the neighborjoining approach (Saitou 

and Nei, 1987) through Matlab tool. 
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Figure 4.13: phylogenetic tree showing different quasispecies of NS3 of Pak isolates. Colors 

represent patients.  
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4.6.2a. Heat Map of Hamming Distances Of NS3: 

Figure 4.14 shows Heat map of the Hamming distances between all sequences of NS3 of 

13 patients. The color scale represents the observed range of distances, for which the cooler colors 

signify shorter distance and warmer colors signify longer distances. In the heatmap, the blue boxes 

along the diagonal correspond to the pairwise distances of the sequences that belong to the same 

patient. Big blue box indicating intra-distance of patient 6 that has higher no of sequences. 

 

Figure 4.14: Heat map of the Hamming distances between all sequences of NS3 of 13 

patients. 
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4.7 Phylogenetic Analysis of NS3 sequences from Pakistani isolates: 

Reference sequences of HCV genotype 3a reported from Pakistan were downloaded from 

HCV database. The sequences of NS3 and reference sequences were aligned by using Clustal W. 

A tree was constructed using neighbor joining algorithm implemented in Matlab tool. Following is 

the phylogenetic tree with its leaves marked with different colored. The green color indicates the 

reference sequences downloaded from Genbank, blue and red represents sequences from one of my 

colleague and sequences included in this study respectively.  

Figure 4.15: Phylogenetic tree based on NS3 sequences of HCV 3a Pakistani isolates 
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4.8 Comparison of genotype 3a with respect to other genotypes: 

Initial assessment of the phylogenetic trees suggested that samples belonging to genotype 

3a were more genetically diverse. We compared nucleotide diversity of HVR1 region of genotype 

3a with other genotypes. Unbiased estimations of nucleotide diversity were determined according 

to Nei (1987) using the program ARLEQUIN (Schneider et al., 2000).  We used these estimates of 

diversity to test the null hypothesis that different genotypes had the same nucleotide diversity, by 

means of an Analysis of Variance (ANOVA). Deep sequencing samples from other genotypes 

were obtained from previously published sequences (Campo et al, 2014). 

 
Table 4.4: Different genotypes and their nucleotide diversity 

Genotypes n Seqnum Pop_size Nucleotide 
diversity 

Nuc_div Standard  
       Error Mean 

1a 63 728.873 4370.254 0.020164065 0.002357551  

1b 38 853.3947 4078.079 0.021647707 0.003127683  

2a 56 581.9464 2126.75 0.020693696 0.002394608  

3a 35 1906.743 9212.943 0.01926401 0.002385406  

4a 2 668.5 5042 0.021403619 0.013279354  
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Figure 4.16: Histogram shows population size of different genotypes used to analyze 

Nucleotide diversity as mentioned in above table. X-axis indicates different 

genotypes of HCV and y-axis indicates population size. 

 

Figure 4.17: Histogram shows nucleotide diversity of different genotypes. X-axis indicates 

genotypes of HCV and y-axis indicates nucleotide diversity. 
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DISCUSSION 

In Pakistan, HCV infection is one of the major health problems as more than 17 million 

Pakistanis are infected by this virus and the infection rate is increasing day by day (Idrees et al., 

2008).  The data published in the last 10 years showed that the predominant HCV genotype in 

Pakistan is 3a contributing about 60% of the total HCV infection (Butt et al., 2010). Till the start of 

this study, there was no effective drug available for HCV disease (Hahn, 2007). Till the ends of last 

year, the only approach used for the cure of chronic hepatitis C liver disease was a combination 

therapy of IFN-α and ribavirin for 24 to 48 weeks (Munir et al., 2010). Unluckily greater than 50% 

of treated individuals did not respond well to the therapy and lead to chronic infection (Hoffnagle 

et al., 2003; Guo et al., 2001; Manns et al. 2001). Genotype 3a shows quite higher recovery rate 

than Genotype 1a (Idrees and Riazuddin, 2008). The development of effective vaccine against 

different genotypes may assist to decrease HCV disease (Legrand et al., 2007). 

A significant characteristic of HCV infection is its genomic diversity, due to the absence of 

proofreading activity in RNA-dependent RNA polymerase (Steinhauer et al., 1992) and the high 

level of replication throughout its lifespan (Neumann et al., 1998). As an outcome, HCV clones 

present in each individual exhibit population diversity consistently with a great degree of 

heterogeneity. The pool of viruses within a population which is closely linked but dissimilar 

genomes is stated as a quasispecies (Martell et al., 1992; Pawlotsky J.  2006). Quasispecies 

diversity has also been linked with therapy failure. The fragments showing the maximum diversity 

within the genome are HVR1 and ISDR (Le Guillou-Guillemette et al., 2007). 

 Next Generation Sequencing (NGS) is a unique technology for understanding intra-host 

quasispecies, immune escape and drug resistance (Campo et al., 2014). Quasispecies analysis of 

structural and non-structural genes of HCV genotype 3a was done by cloning as well as Next 
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Generation Sequencing to check HCV diversity of Pakistani isolates. The present study is the first 

study of its type reported from Pakistan with deep sequencing of HVR1 and NS3 of HCV using 

NGS to analyze various quasispecies of genotype 3a of Pakistani isolates. 

In this study, serum sample from patients infected with HCV genotype 3a was collected. 

The patient had high viral load, had a chronic infection and never treated before. We collected 40 

samples at three different stages: from baseline, after three months and after completion of anti-

viral treatment. RNA extraction was performed from the serum sample of the patients of HCV. 

Reverse transcription of RNA into cDNA was done using antisense primer of the outer pair of both 

genes, from which E1E2 (HVR1) and NS5A regions were amplified by means of nested PCR. The 

amplified products were confirmed by sequencing. Amplified products were cloned into molecular 

cloning vector. Cloning confirmation was done by restriction digestion using EcoR1 enzyme and 

sequencing. Out of 40, 15 samples were successfully cloned. Twenty to 25 colonies were selected 

for each gene and sequenced them to study quasispecies analysis. The obtained sequences were 

submitted to GenBank (Accession# KT030080-KT030204, KT072603-KT072627, KT301942-

KT302061, KT589977-KT590036, KT755916-KT756170, KT779127-KT779156). The sequences 

for both genes were subjected to phylogenetic analysis. 

HCV causes both acute and chronic infection. In acute phase, the body becomes negative 

after clearing the virus. Though the situation is not same for all HCV infected and most of the 

acute cases lead to chronic infection. The body is treated with interferon plus ribavirin if virus does 

not disappear. In many cases, the patients attain sustained virological response (SVR) by resolving 

the infection. 

In Pakistan, rate of SVR in HCV chronic patients is very high when treated with Interferon 

alpha and ribavirin (Idrees and Riazuddin, 2008; Farhana et al., 2009). More than 60% of the 

infected patients respond completely to this antiviral therapy. Still there are number of cases who 
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do not respond to therapy. From Pakistan, some host aspects have been reported that affect the 

therapy outcome (Idrees et al., 2009). Yet no study is available which associate quasispecies 

diversity with treatment outcome in HCV 3a Pakistani isolates. 

Studies are available that describe specific mutation in the E2 and NS5A genes of genotype 

1b that predicts SVR. (Enomoto et al., 1996; Kurosaki etal., 1997; Nakano et al., 1999; Berg et al., 

2000). Since some other studies invalidate these results, a Meta analysis was conducted using 

sequences from Europe, America and Japan (Berg et al., 2000; Duverlie et al., 1998; Sarrazin et 

al., 2000; Zeuzem et al.,1997; Chung et al., 1999; Nousbaum et al., 2000; Murphy et al., 2002; 

Pascu et al., 2004) that reported positive association among variation in the ISDR and SVR.  

This study describes the quasispecies analysis of HCV genotype 3a in the responder and 

non-responder patients from Pakistani population. Patients with a sustained response showed a 

significant fall in the levels of HCV viremia (Table 4.1) after three months of treatment. We found 

that HCV genotype 3a Pakistani isolates has high nucleotide inconsistency in the quasispecies of 

the same patients in the HVR1 region. NS5a region showed less variability as compared to HVR1. 

In phylogenetic tree viral isolates belonging to the same patient samples clustered, showing they 

were more closely correlated than other patient isolates (Fig 4.7). Phylogenetic analysis obtained 

from sequences of all patients before treatment did not show any clustering related with a 

particular pattern of response. The genetic distance between the different quasispecies did not 

differ significantly among patients, although it was slightly higher in non-responders at baseline 

samples. There is no significant correlation found between quasispecies diversity and treatment 

outcome in responder and non-responder patients.  

We calculated the intra-patient and inter-patient Hamming distances of 300 HVR1 

sequences from 15 HCV patients. The distances in the heatmap are from 0 to 60 and given as a 
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percentage of all distances included in the distribution. There are 2850 intra-patient distances 

(distances between pairs of sequences that belong to the same patient) and 84000 inter-patient 

distances (distances between pairs of sequences that belong to two different patients). According to 

heat map distances Patient 14 has highest genetic diversity and Patient 1 and patient 8 are relatively 

close to each other (Fig 4.8). We have only 15 minimal intra-patient distances (one for each 

patient) and 105 minimal intra-patient distances. No of nucleotides difference is greater in inter 

patient than intra patient distance shown in fig 4.9.  

The new ultra-deep sequencing approach, have potential of generating millions of DNA 

sequence reads in each run, is quickly enhancing the landscape of genome exploration (Margulies 

et al., 2005; Mardis E. 2009). However, in order to create reliable form of the viral quasispecies 

from the huge, noisy data gained by NGS, an appropriate analysis is required (Beerenwinkel et al., 

2011; Beerenwinkel N. 2012).  

We performed ultra-deep sequencing (454/Roche) to describe the heterogeneity and 

complexity of HVR1 and NS3 in 13 patients infected with HCV genotype 3a in Pakistani isolates. 

We sequenced these regions at very high coverage. We calculated several statistics to check the 

level of genetic heterogeneity of each sample. In average for HVR1 quasispecies sample contains 

1508 unique sequences, 6910 reads, the major has a population frequency of 22%, 96 out of 303 

nucleotide positions are polymorphic and a nucleotide diversity of 0.0290 9 (table 4.2). In average 

for NS3 the quasispecies sample contains 416 unique sequences, 1172 reads, the major has a 

population frequency of 19%, and a nucleotide diversity of 0.011 (table 4.3). The average 

nucleotide diversity of NS3 is less than HVR1. The Phylogenetic analysis of NS3 reveals that there 

is no cluster specific and the NS3 of Pakistani isolates are mixed with each other along with 

reference sequences. 
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Initial qualitative assessment of the phylogenetic tree of Pakistani isolates showed that 

samples belonging to genotype 3a were more genetically diverse. We proceeded to study if 

different genotypes had different nucleotide diversity. Deep sequencing samples from other 

genotypes were obtained from previously published sequences (Campo et al, 2014).Samples from 

genotype 3a had a much higher number of reads than the other genotypes, (ANOVA, p< 0.05). 

 The higher the number of reads, the higher the number of unique sequences (the correlation 

between the two variables being 0.763). This is the reason why there are so many sequences in the 

tree giving the illusion of higher diversity. However, the number of reads is highly dependent on 

the level complementarity between template and primers, which may vary with different 

genotypes. Nucleotide diversity (which takes into account the frequencies of those sequences and 

their distance to each other) is less affected by sample size (correlation with number of reads is 

0.176). The average nucleotide diversity of genotype 3a samples is not significantly different from 

other genotypes (table 4.4).  
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APPENDIX 
 

 
0.5 M Ethylenediaminetetraacetic Acid, [EDTA] (1000 ml) 

EDTA 186.1 gm/L 
NaOH Few pellets to dissolve EDTA 
Distilled water To make volume up to one liter. 

 
10X Tris-acetate EDTA Buffer [TAE] (1000 ml) 

Trisma base 242 gm 
Acetic Acid 57.1 mL 
0.5 M EDTA 100 mL 
pH 8.3 adjusted 
dH2O To make volume up to one liter 

 
DNA Loading Dye (10 ml) 

EDTA (0.5 M) 200 μl 
Glycerol (100 %) 3 ml 
Bromophenol Blue 0.025 gm 
Xylene Cyanol 0.025 gm 
dH2O To make volume 10 ml 

 
LURIA BERTANI (LB) MEDIUM 

Tryptone 10 g 
Yeast Extract 10 g 
NaCl 5 g 
Dissolved in 1 liter of distilled water, adjusted pH: 7.5 and autoclaved. 
LB AGAR 

LB containing 15 g / liter of Bacto Agar 
 

 
 
 
 
 
 
 
 
 
 
 
 


