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Sanger-sequencing vs. Next-generation sequencing (NGS) 

Sanger - CONSENSUS 

NGS – INDIVIDUAL SEQUENCES 

Infected with a population of strains 
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Overview of NGS Platforms 

Shokralla S et al, Mol Ecol. 2012 Apr;21(8):1794-805 

MiSeq  
2x250 

MiSeq  
2x300 

PacBio RS  
8000 

2013 
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Local and global haplotype reconstruction 

Beerenwinkel et al. Front 
Microbiol. 2012;3:329 
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Global Phasing strategy, Other approaches 

Haplotypes
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Global Phasing strategy, NEW 

Haplotypes

Generators
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Global Phasing strategy, NEW 

Haplotypes

Generators
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Model 

Generators 

ATGCAGACTTACTCATCATTGTTAATTTTTCGGCGCATCTCTATTCATCACTACTTA 

ATGCAGACTTACTCATCATTGTTAATTATTCGGCGCATCTCTATTCATCACTGCTTA 
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•  Maximum a posteriori estimation: 
P (θ | R) ∝ P (R | θ)P (θ)
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5-virus-mix 

Library prep
Sequencing

Full-length haplotype
reconstruction

Frequency estimation
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METHOD: Sample preparation for full-length sequencing 

cDNA synthesis with 
35 RT primers 

cDNA synthesis 
with 5 RT primers 

cDNA synthesis 
with 6 RT primers 

35 separate PCRs 5 separate PCRs 11 separate PCRs 

454/Roche 
pyrosequencing 

random fragmentation and 
adaptor ligation  

Illumina  
paired-end sequencing 

Pacific Biosciences 
Single-molecule 

sequencing 

RNA isolation 

cDNA synthesis of 
protease only 

End-point dilution 

Sanger 
sequencing 

qPCRs 
 (one of five positive) 

Gold standard 



Di Giallonardo & Töpfer Global HIV-1 reconstruction 

Amplicon Layout and Read Coverage 

Technology Amplicons ~ Length (bp) ~ Overlap (bp) 

454/Roche 35 510 250 

Illumina MiSeq  5 2,500 750 

PacBio RS 11 1,500 750 
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Gene-wise Reconstruction 
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Naïve SNV Calling 
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Gene-wise Reconstruction 

  estimated frequencies % (mean±sd) 
Sequencing technique HIV-189.6 HIV-1HXB2 HIV-1JR-CSF HIV-1NL4-3 HIV-1YU2 

454/Roche 13.7±5.1 11.0±2.4 18.2±8.6 46.2±12.9 10.9±3.5 
Illumina 22.1±3.9 11.2±5.9 28.0±7.3 27.3±9.2 11.1±3.2 
PacBio 16.5±9.7 5.8±2.6 27.2±6.4 35.9±7.9 14.6±6.2 
SGA 12.3±2.3 9.2±3.3 27.9±4.6 38.4±3.2 12.2±0.7 

NGS estimates do not differ significantly from SGA estimates 

Estimated frequencies of reconstructed haplotypes across genes 
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Global Reconstruction of Functional Regions 

Full-length variance of 0.4% for 100 bootstrap samples 
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Lessons learned 

•  Naïve SNV calling is insufficient 

•  Experimental design:  

–  Amplicon layout & overlap 

–  Read length 

–  Coverage 

•  Full-length reconstruction is possible with  

454/Roche, Illumina, and PacBio 

•  Global frequency estimates are reliable 
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