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Conclusions 

 Background: Hepatitis C is classified into six major genotypes based on the 
diversity of viral RNA sequences. Due to the distinct clinical characteristics of each 
genotype, the recommended treatment procedure of hepatitis C virus (HCV) 
infection varies. Several medications have been applied for HCV infection, including 
interferon, nucleotide analog, and inhibitors that target replication complex (NS5) 
or protease (NS3). Oral treatment with replication complex or protease inhibitor has 
been reported to provide high sustained virological response (SVR) rate in patients 
with HCV genotype 1b infection. Mutation of NS5 replication complex or protease, 
however, has been demonstrated to be an independent factor of treatment failure. 
An accurate and rapid assay system to detect HCV genotype and NS5 mutation is 
eagerly needed to make therapeutic decisions, and precise medicine could 
therefore be achieved. 
Methods: De novo pyrosequencing assay system was established to detect HCV 
genotype and NS5 mutation in human serum samples. To evaluate the performance 
of the assay system, serial diluted serum samples from commercial available HCV 
genotype panel were collected. On the other hand, samples with and without NS5 
L31/M/V or Y93H mutation were screen from human clinical samples. Samples with 
various degrees of NS5 mutations were generated by mixing up. Viral RNA was 
extracted from 200 to 500 ul of serum. One-step RT-PCR was performed to generate 
the sequencing template with biotinylated primers which target 5' untranslated 
region (5'-UTR) and 5' region (16-395 bp) of NS5 gene of HCV genome, respectively. 
After denaturation, the biotinylated single-strand amplicon is isolated and hybridize 
with gene-specific sequencing primers. The reaction of pyrosequencing was 
performed with QIAGEN PyroMark Q24 system. For HCV genotyping, the result was 
analyzed by sequence alignment with the existing ones on the bioinformatic 
databases worldwide. For NS5 mutation, the presence of L31M/V and Y93H 
mutation can be distinguished directly from the sequencing result. 
Results: The established assay system is able to accurately distinguish HCV 
genotypes, including 1a, 1b, 2a, 2b, 3a, 3b, 4, 5, and 6, with single reaction. The 
presence of L31M/V or Y93H mutation of NS5A replication complex could be 
performed in parallel. The operation time of the assay system is around 7 hours, 
with 4-5 hours hands-off. The limit of detection (LOD) is around 1x103 IU/ml 
comparable to the performance of Abbott RealTime HCV Genotype Assay II, which 
utilized more than 1000 ul of sample and 3 separated reactions. The sensitivity of 
NS5 mutations is approximately 5%. 
Conclusion: The established de novo pyrosequencing assay system is cost-effective, 
accurate and sensitive, with great potential of been an alternative of current assays. 
Moreover, with the “sequencing by synthesis” principle of pyrosequencing, 
unexpected mutation sites could also be unveiled directly with this system. 

Abstract 

Table6. Comparison of Methods for HCV Genotyping 

 The de novo pyrosequencing platform is cost-effective and sensitive 
in determining HCV genotypes and NS5A mutations. 

 The full sequence of a specific region in HCV genome could be directly 
shown. 

 The unexpected mutations could be revealed directly without 
worrying about the nucleotide hybridization issues occurred in Real-
time PCR or LiPA assays.  

 Here a new platform for HCV genotyping and detection of NS5A 
mutation is presented . 

Method 
Sanger 

Sequencing 
Line Probe 

Assay (LiPA) 
PyroMark HCV 

Genotyping 
Real-time PCR 

Marker 
5’UTR / Core / 

NS5b 
5’UTR & Core 5’UTR 5’UTR & NS5b 

Sample 
volume 

0.5-1.0 ml 0.5-1.0 ml 0.2-0.5 ml 1.3-2.0 ml 

Operation 
time 

7 hr to several 
days 

10.5 hr 7.0 hr 7.5 hr 

Genotypes 
1a, 1b, 2a, 2b, 

3a, Others 

1a, 1b, 2a/2c, 
2b, 3a, 3b, 

4a/4c/4d, 5a, 
6a/6b, 6(c~i) 

1a, 1b, 2a, 2b, 
3a, 3b, 4, 5, 6 

1a, 1b, 2, 3,  
4, 5, 6 

Limit of 
Detection 

1.0 x104  
IU/ml 

2.0 x103  
IU/ml 

1.0 x102  
IU/ml 

1.0 x103  
IU/ml 

Extraction One-step  
RT-PCR 

Sample 
Preparation 

Pyrosequencing 

Source: Nature Methods 

Results 

Principles 

L31 Y93 

Codons 
Amino 
Acids 

Codons 
Amino 
Acids 

TTA 

Leu/L 

TAT 
Tyr/T 

TTG TAC 

CTN CAT 

His/H ATG Met/M 
CAC 

GTN Val/V 

Table3. Mutation Patterns of HCV NS5A 

Assay 
Genome 
Region 

Range on 
D90208 

Region 
Selected 

Genotype 5’ UTR 1-329 156-200 

NS5A 
mutation 

NS5A 5917-7257 5932-6311 

Table1. Regions Selected for the Assays 

Table2. Reference Sequences of HCV Genotypes 

Genotype Reference Sequence 

1a 
CCGGAATTGCCAGGACGACCGGGTCCTTTC- - TTGGA- T- A- AA-  
CCCGCTCAATG 

1b 
CCGGAATTGCCAGGACGACCGGGTCCTTTC- - TTGGA- T- C- AA-  
CCCGCTCAATG 

2a 
CCGGAATTGCCGGGAAGACTGGGTCCTTTC- - TTGGA- T- A- AA-  
CCCACTCTATG 

2b 
CCGGAATTACCGGAAAGACTGGGTCCTTTC- - TTGGA- T- A- AA-  
CCCACTCTATG 

3a 
CCGGAATCGCTGGGGTGACCGGGTCCTTTC- - TTGGA- A- C- AA-  
CCCGCTCAATA 

3b 
CCGGAATCGCCGGGATGACCGGGTCCTTTC- - TTGGA- A- C- AA-  
CCCGCTCAATG 

4 
CCGGAATCGCCGGGATGACCGGGTCCTTTC- - TTGGA- T- T- AA-  
CCCGCTCAATG 

5 
CCGGAATTGCCGGGATGACCGGGTCCTTTC- - TTGGA- T- A- AA-  
CCCGCTCAATG 

6 
CCGGAATTGCCAGGACGACCGGGTCCTTTCCATTGGA- T- C- AAA 
CCCGCTCAATG 

SeraCare 
Panel 
(0810-
0173) 

Country 
of 

Origin 

Viral 
titer 

(IU/mL) 
Sequence (5’-3’) 

Given 
Result 

GB 
Result 

Agree
ment 

01 NA 2E4 
CCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA
TCAACCCGCTCAATGCCTGG 

1b 1b Yes 

02 Poland 2E4 
CCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA
TCAACCCGCTCAATGCCTGG 

1b 1b Yes 

03 USA 2E5 
CCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA
TAAACCCGCTCAATGCCTGG 

1a 1a Yes 

04 NA 1E4 
CCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA
TCAACCCGCTCAATGCCTGG 

1a 1b No 

05 Taiwan 1E4 
CCGGAATTGCCGGAAGACTGGTCCTTTCTTGGATA
AACCCACTCTATGCCCGG 

2a 2a Yes 

06 France 2E5 
CCGGAATTGCCGGAAGACTGGGTCCTTTCTTGGAT
AAACCCACTCTATGCCCGG 

2a 2a Yes 

07 NA 1E3 
CCGGAATTGCCGGAAAGACTGGGTCCTTTCTTGGA
TAAACCCACTCTATGTCCGG 

2b 2b Yes 

08 NA 3E5 
CCGGAATCGCTGGGTGACCGGGTCCTTTCTTGGAG
CAACCCGCTCAATACCC 

3a 3a Yes 

09 Thailand 3E3 
CCGGAATCGCCGGATGACCGGGTCCTTTCTTGGAA
CAACCCGCTCAATGCCC 

3b 3b Yes 

10 NA 4E5 
CCGGAATCGCTGGGTGACCGGGTCCTTTCTTGGAA
CAACCCGCTCAATACCCAG 

3a 3a Yes 

11 NA 1E3 
CCGGAATCGCCGGATGACCGGTCCTTTCTTGGATTA
ACCCGCTCAATGCCCGGAAATTTGGGCG 

4acd 4a Yes 

12 NA 8E2 
CCGGAATCGCCGGGATGACCGGGTCCTTTCTTGGA
TTAACCCGCTCAATGCCCGGAAATTTGGGCG 

4acd 4a Yes 

13 France 2E4 
CCGGAATCGCCGGGATGACCGGGTCCTTTCTTGGA
TAAACCCGCTCAATGCCCGGAAATTT 

4acd 4d Yes 

14 France 3E5 
CCGGAATCGCCGGGATGACCGGGTCCTTTCTTGGA
TAAACCCGCTCAATGCCCGGAAATTTGGGCG 

4acd 4d Yes 

15 NA 3E4 
CCGGAATTGCCGGGACGACCGGGTCCTTTCTTGGA
TAAACCCGCTCAATGCCCGGAGATTTGGG 

5a 5a Yes 

16 
South 
Africa 

5E2 
CCGGAATTGCCGGGATGACCGGGTCCTTTCTTGGAT
AAACCCGCTCAATGCCCGGAGATTTGGG 

5a 5a Yes 

17 
South 
Africa 

2E3 
CCGGAATTGCCGGGATGACCGGGTCCTTTCTTGGAT
AAACCCGCTCAATGCCCGGAGATTTGGG 

5a 5a Yes 

18 Vietnam 4E4 
CCGGAATTGCCAGGATGACCGGGTCCTTTCTTGGA
AACCACCCATACCGG 

6 6 Yes 

19 France 1E4 
CCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA
TCAACCCGCTCAATGCCTGG 

6 1b No 

20 NA 1E4 
CCGGAATTGCCAGGATGACCGGGTCCTTTCTTGGA
TCAACCCGCTCAGTGCC 

6 6 Yes 

Sample # #006 #125 #240 Pyro NC (H2O) 

Genotype 1b 2a 1a NA 

L31 ATG (Met) TTA (Leu) TTA (Leu) Undetected 

Y93 TAC (Tyr) TAC (Tyr) CAC (His) Undetected 

Table5. Preliminary Screening of HCV(+) samples with NS5A mutations  

Flowchart of the pyrosequencing platform 

Table4. HCV Genotyping Test Result of SeraCare Panel (0810-0173) 


