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HCV

• Single-stranded, positive-sense RNA genome of ∼9.6kb

• Six major genotypes and >70 subtypes  
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Types                  1a   1b   1c 2a    2b   2c 3a    3b 4a 5a 6a

1a 0   19   15    35    34   37 33    34 32 31 36

1b 0    23    36    33   36 33    29 36 30 35

1c                                      0    32    30   33 35    30 36 39 39 

2a 0    18   23 33    33 34 34 32

2b 0   19 36    31 35 33 32 

2c 0 36    35 35 34 35 

3a 0    21 35  33 36 

3b                                                              0 34 32 39 

4a 0 34 34 

5a 0 32 

6a 0

Percent Nucleotide DifferencePercent Nucleotide Difference



HCV GenomeHCV Genome

Moradpour D et al., 2007. Nature Reviews Microbiology 5:453-63



• Genotyping based on 5’NCR is accurate for most accurate for most 
genotypesgenotypes

• Methods based on the use of 5’NCR are unable to unable to 
distinguish subtypes 1a from 1b in 5distinguish subtypes 1a from 1b in 5--10%10%

Chen Z et al., J Clin. Microbiol. 2002



• Some of the genotypegenotype--specific motifsspecific motifs that were 
initially identified in the 5’NCR are no longer found no longer found 
to be conservedto be conserved

• The G residue G residue at at position 243position 243, originally considered 
to be representative of 1b, is found to occur in a 
relative proportion of 1a 

Murphy D et al., 2007. J Clin. Microbiol.



ObjectivesObjectives

• To identify the subtypes of HCV-1 isolates by RFLP       
of the RT-PCR amplified 5’NCR  

• To identify the subtypes of the isolates by nucleotide 
sequencing of the 5’NCR and NS5A region 

• To identify key amino acids in the NS5A region that   
can be used to differentiate between HCV subtypes 



Significance Significance 
• Provide researchers with an epidemiologic marker

Origin and spread
Distribution
Routes of transmission 

- Outbreak studies
- Novel transmission risks

Association with risk groups
Viral evolution 

• Data may have major implications in designing        
optimal strategies for disease management, as well as, 
treatment benefits

• Characterization is likely to facilitate in the development 
of vaccine



MethodologyMethodology

Nucleotide SequencingNucleotide Sequencing

Viral RNA ExtractionViral RNA Extraction

Nested RTNested RT--PCR and RFLP PCR and RFLP 

cDNA synthesiscDNA synthesis



RNA ExtractionRNA Extraction
QIAamp® Viral RNA Kit



cDNA synthesiscDNA synthesis

PCR mastermix

cDNA template

heat viral RNA at 65oC for 5min

add to cDNA master mix

incubate at 37oC for 1hr

1X RTase buffer, 0.5 mM dNTPs, 50 pmol primer,         
10 mM DTT, 13 U  RNaseOUTTM, 200 U RTase 
(SuperScriptTM III), RNase-free water

1X PhusionTM HF buffer, 25 pmol primer, 
0.2 mM dNTPs, 1 U PhusionTM DNA 
polymerase, PCR-grade water 



Nested RTNested RT--PCRPCR
Target 

1st PCR using OUTER Primers

2nd PCR using INNER Primers

Primer  Region                       Sequences (5’-3’)

OS               5NCR                                          CTGTGAGGAACTACTGTCTT                                            

OAS            5’NCR                      ATACTCGAGGTGCACGGTCTACGAGACCT                          

IS                5’NCR                                         TTCACGCAGAAAGCGTCTAG                                            

IAS             5’NCR                             CACTCTCGAGCACCCTATCAGGCAGT                                 

OS              NS5A                               TGGATGGAGTGCGGTTGCACAGGTA                                   

OAS            NS5A                                TCTTTCTCCGTGGAGGTGGTATTGG                                      

IS               NS5A TGTAAAACGACGGCCAGTCAGGTACGCTCCGGCGTGCA   

IAS             NS5A    CAGGAAACAGCTATGACCGGGGCCTTGGTAGGTGGCAA

Reference

Chan S et al., 1992. J Gen Virol. 73:1131-41

Enomoto N et al., 1995. N Engl J Med. 334:77-81



251 bp

Bst UI

55’’NCR PCR AmplificationNCR PCR Amplification
M    - - +   +

Restriction Enzyme Digestion Restriction Enzyme Digestion 

250 bp



Bst undigested  25 bp ladder

50bp

251bp

BstBst UI Cleavage UI Cleavage 

Type Size (bp)   

1a1a 209, 42209, 42

1b1b 179, 42, 30179, 42, 30

209bp

42bp

179 bp

42bp

30 bp

251bp

50bp

1a1a 1b1b

Bst undigested   25 bp ladder



Amplicon 573 bp

-341     0
2,000 4,000 8,0006,000 9,033

5’ UTR 3’ UTR
C E1 E2 NS2 NS3 NS4 NS5

600 bp 573 bp

M  +   +   + -

Amplification of the NS5AAmplification of the NS5A

PCR Conditions
Initial Denaturation   98°C, 30 sec

Denaturation            98°C, 10 sec

Annealing                 56°C, 10 sec    35 cycles

Extension                 72°C, 30 sec

Final extension         72°C, 10 min



Bioinformatics Tools Bioinformatics Tools 



Blast Search Blast Search 



Results and Discussion Results and Discussion 



Subtype        5’NCR      5’NCR        NS5A     

1a                 4                   4               0

1b                15                  4              19

Total               19 8 19

SEQUENCINGPCR-RFLP



Alignment using the NS5AAlignment using the NS5A
Percent   

Difference 
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Accurate methodsAccurate methods for both genotype and subtype 
classification are important tools to optimize optimize 
treatmenttreatment typetype, durationduration, and dosedose

Typing is important because HCVHCV--1 exhibits  1 exhibits  
resistance  resistance  to combined interferon-α and ribavirin

“Type-specific differences in response to new 
generation antiviral agents will be a major research research 
priority in the futurepriority in the future”” (Simmonds P. 2004)



Subtyping is not currently usednot currently used to make clinical 
treatment decisionstreatment decisions

Transfusion Transfusion has been found to be a risk factorrisk factor in 
the transmission of subtype 1bsubtype 1b

Subtype 1bSubtype 1b is correlated with increased risk of increased risk of 
developing HCCdeveloping HCC



Alignments obtained with sequences from databases 
confirmed that amino acid positions N2218N2218 and 
E2225E2225 are widely distributed in HCV-1a subtype and  
can be considered as 1a markers (Punte et al., 2008) 

Phylogenetic analysis of a coding region, is considered 
the ““gold standardgold standard”” for identifying HCV subtypes 



Conclusion Conclusion 
• Sequence analysis of the NS5ANS5A region may be 

used in the identification of HCV-1 subtypes

1a1a 1b1b

2217 AA TT

2225 EE DD

1a1a 1b1b



Liver Diseases Study GroupLiver Diseases Study Group
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