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Next-Generation sequencing 
• DNA-sequencing methods that involve chemical 

assays other than the traditional Sanger deoxy-chain-
termination method.1 

• Deep Sequencing 
• Massively Parallel Sequencing 
• Second/Third-generation Sequencing 

• 2nd: Undergo amplification of the template molecules 
• 3rd: Single-molecule sequencing 

• Instead of 1  read per bp, multiple sequence reads per 
bp 

1. Lupski, et al (2010) Whole Genome Sequencing in a Patient with Charcot-Marie 
Tooth Neuropathy. NEJM. 362(13):1181-1191.  



1. Library Preparation 
• Input DNA fragmented  

• Shearing by: 
• nebulization  
• sonication  
• enzymatic digestion 

• Fragments have terminal overhangs  
• Blunt-end repair and phosphorylation 

• Adapter ligation 
• Platform-specific adapters are ligated to the fragments 

• Final Library 
• Short DNA fragments with platform-specific adapters  

 Voelkerding KV (2010) Next Generation Sequencing for Clinical Diagnostics-Principles 
and Application to Targeted Resequencing for Hypertrophic Cardiomyopathy. Journal of 
Molecular Diagnostics 5(12): 539-551 



2. Clonal Amplification 

Voelkerding KV (2010) Next Generation Sequencing for Clinical Diagnostics-Principles 
and Application to Targeted Resequencing for Hypertrophic Cardiomyopathy. Journal of 
Molecular Diagnostics 5(12): 539-551 

3. Sequencing 
 Pyrosequencing  

 Sequencing by ligation 

 Reversible dye terminators  

 Emission of photons 

 



Cost of Sequencing Over Time 
 Human Genome Project: $3 billion and 13 years 

 NOW: Sequencing centers and laboratories: ~$15K and ~15 days 

Data from the National Human Genome Research Institute (NHGRI)  
 



WHICH TECHNOLOGY? 



Next-Gen Technologies on the Market  

•  Illumina  
• HiSeq (HiSeq2000, 

HiSeq 1000)  

• Genome Analyzer (IIx, 
IIe)  

• MiSeq  

• iScanSQ  

M. L. Metzker Nature Reviews Genetics 11 January  2010; 31-46 



Next-Gen Technologies on the Market  

• Roche 454 
• GS FLX Titanium, GS Junior)  

M. L. Metzker Nature Reviews Genetics 11 January  2010; 31-46 



Next-Gen Technologies on the Market  

• Pacific Biosciences  
•  PacBio RS 

M. L. Metzker Nature Reviews Genetics 11 January  2010; 31-46 



Next-Gen Technologies on the Market  

• Ion Torrent PGM 
•  314, 316 318 TM chips 

• Ion Proton Sequencer 



Performance comparison of benchtop high-throughput 
sequencing platforms 

Loman NJ et al, Nature Biotechnology 2012 30 (5) 434-9 



Performance comparison of benchtop high-throughput 
sequencing platforms (E. coli genome) 

Loman NJ et al, Nature Biotechnology 2012 30 (5) 434-9 

The MiSeq had the highest throughput per run (1.6 Gb/run, 60 Mb/h) and 
lowest error rates. The 454 GS Junior generated the longest reads (up to 600 
bases) and most contiguous assemblies but had the lowest throughput (70 
Mb/run, 9 Mb/h). Run in 100-bp mode, the Ion Torrent PGM had the highest 
throughput (80–100 Mb/h). Unlike the MiSeq, the Ion Torrent PGM and 454 
GS Junior both produced homopolymer-associated indel errors (1.5 and 0.38 
errors per 100 bases, respectively). 



A tale of three next generation sequencing 
platforms: comparison of Ion Torrent, Pacific 
Biosciences and Illumina MiSeq sequencers 

Quail et al. BMC Genomics 2012, 13:341 



A tale of three next generation sequencing 
platforms: comparison of Ion Torrent, Pacific 
Biosciences and Illumina MiSeq sequencers 

Quail et al. BMC Genomics 2012, 13:341 

• 4 different genomes: 
• Bordetella pertussis 
• Staphylococcus aureus 
• Salmonella typhi 
• Plasmodium falciparum 



A tale of three next generation sequencing 
platforms: comparison of Ion Torrent, Pacific 
Biosciences and Illumina MiSeq sequencers 

Quail et al. BMC Genomics 2012, 13:341 

Conclusions: All three fast turnaround sequencers 
evaluated here were able to generate usable 
sequence. However there are key differences 
between the quality of that data and the applications 
it will support. 



Which question? 
 Real-Time PCR 

 Identify and quantify a microorganism 

 Broad identification of multiple micoorganisms 
 Microarrays 
 PCR ESI Mass Spectromatry (PlexID) 

 Targeting sequencing 
 Identification  and quantitation of sequence variants in an 

amplicons; haplotype 

 Deep sequencing 
• de novo sequencing 

• Sequencing of a genome that has not been sequenced before or 
does not have a reference  

• Re-sequencing 
• Sequencing a genome for which a reference sequence exists 
• Generally done for the purpose of mutation detection 

• Others 
 

 



PCR ESI Mass Spectrometry (PlexID) 
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Alanio A, et al, O 1.5 Saturday 12th 6th TIMM 



Alanio A, et al, O 1.5 Saturday 12th 6th TIMM 



Which question? 
 Real-Time PCR 

 Identify and quantify a microorganism 

 Broad identification of multiple micoorganisms 
 Microarrays 
 PCR ESI Mass Spectromatry (PlexID) 

 Targeting sequencing 
 Identification  and quantitation of sequence variants in an 

amplicons; haplotype 

 Deep sequencing 
• de novo sequencing 

• Sequencing of a genome that has not been sequenced before or 
does not have a reference  

• Re-sequencing 
• Sequencing a genome for which a reference sequence exists 
• Generally done for the purpose of mutation detection 

• Others 
 

 



Mixed genotypes, SNPs 

Mixed Sanger sequences: ≈ 50/50 ratio 



GS Junior Titanium Chemistry 
Bi-directional Sequencing 

MID 

MID 

key 

key 
A 

B (arrows indicate sequencing) 

A and B reads in   
different 

orientations 

• Improved variant calling vs. uni-directional, especially at longer 
read lengths 

• Ideal when the entire amplicon needs to be sequenced (full length) 
• Similar to Sanger-based approaches; required for some 

applications 

Presenter
Presentation Notes
Amplicon Fusion Primers must contain:
directional GS FLX Titanium Primer A or Primer B sequence (which includes a four-base library “key” sequence) at the 5-prime portion of the oligonucleotide (25nt)
 template-specific sequence at the 3-prime end of the oligonucleotide (typically 20 – 25 nt)
Optional Multiplex Identifier (MID) sequence may be added between the Primer A and template-specific sequences to allow for automated software identification of samples after pooling/multiplexing and sequencing




Insertion-deletion 
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Confirmed case of G clavatum

Confirmed case of G capitatum

Geotrichum  spp

2009-01
2009-02
2009-03
2009-04
2009-05
2009-06
2009-07
2009-08
2009-09
2009-10
2009-11
2009-12
2010-01
2010-02
2010-03
2010-04
2010-05
2010-06
2010-07
2010-08
2010-09
2010-10
2010-11
2010-12
2011-01
2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12
2012-01
2012-02
2012-03
2012-04
2012-05

2012-06
2012-07
2012-08
2012-09
2012-10

Year - Month

N
um

be
r o

f i
nf

ec
tio

ns
 d

ue
 to

 
G

eo
tri

ch
um

• 52 cases of infections due to Magnusiomyces capitatus 
(Geotrichum capitatum) reported 

• 36 cases of infections due to Saprochaete clavata (Geotrichum 
clavatum)  
 

 

Alert: cases of infections due to « Geotrichum » 

Presenter
Presentation Notes
April 2012: 2 clusters of « Geotrichum » fungaemias in haematology wards notified to French authorities (InVS) by 2 hospitals in 2 French regions
Cluster 1: 	cases in Sept. 2011, Oct. 2011 and March 2012 
Cluster 2:	cases in April 2012
May 2012: 3rd cluster notified by a 3rd hospital in a 3rd region
Cluster 3:	cases in April 2012
End of May 2012
National investigation launched by InVS and the National Reference Center



RAPD studies comparing 
S. clavata, M. capitatus and Geotrichum candidum 

PCR results with OPE-4 primer of clinical isolate of G. candidum (line 1), 
S. clavata (lines 2 to 9) and M. capitatus (lines 10-12) clinical isolates. 
Reference strains:  M. capitatus (line 14, CBS178.71), S. clavata (line 15, 
CBS162.80), and G. candidum (line 16, CBS425.71) - (line 13, size 
marker). 



Sequencing of S. clavata 

 Illumina sequencing 
 1 reference strain 
 18 clinical strains 
 1 strain re-sequenced 

 Data analyses 
 Filtering Illumina reads 
 Inferring single nucleotide polymorphisms 
 strains closely related 

 Phylogenetic analysis 
 de novo genome assembly of strain CNRMA12.647 

 
 

Presenter
Presentation Notes
A first batch of 11 strains including the type S. clavata strain
Libraries were constructed using the Nextera DNA Sample Preparation Kit (Illumina)
sequenced on an Illumina HiSeq 2000 sequencer with a single-end protocol generating reads of 100 bases
Two lanes from these tagged libraries resulted in ~26 million reads per strain on average.
Second batch of 8 strains were prepared in August 2012 following the same protocol, except that the libraries (with insert size of ~250 bps) were sequenced with a paired-end module generating 2 ~7 million reads of 100 bases per strain on average
To improve genome assembly, one strain (CNRMA12.647) was resequenced after construction of the library according to the TruSeq protocol (Illumina). High-throughput sequencing was performed with a paired-end module generating reads of 100 bases (insert size of ~400 bps), leading to 2 ~190 million reads.
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• 19 cases with infections 
due to S. clavata and 
belonging to the same 
clade (red) 

Cases of S. clavata by clade, Sept 2011 – Oct 2012 

Presenter
Presentation Notes
Using the newly developed techniques, we identified 19 cases infections due to G. clavatum and belonging to the same clade (called clade A) reported in red on this epidemic curve.
The outbreak lasted 14 weeks and the pic of the epidemic occured in week 19/2012.
One strain belonging to this clade also was isolated in week 43.
The home-made PCR allowed to identify other cases due to G. clavatum and belonging to another clade (called clade B, reported in blue), but this clade only concerned sporadic cases.  
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NGS Applications  

• mRNA sequencing (transcriptome sequencing) 
• Aligment with references 
• Statistics of gene expression level 

• miRNA sequencing (small RNA sequencing)  

• ChIP sequencing (protein-DNA relations) 

• Bisulfite sequencing (pattern of methylation) 



 MANY uses 
 Can answer a specific question not solved with 

previous methods 
 Necessity of accurate pre-analytical steps 

(validation of RNAs and DNAs) 
 Use the adapted technology (access to 

expensive equipment and chemistry) 
 Stay alert since extremely moving 

 Invest in bioinformatics 
 Analysis and storage of computerized data 

New Generation Sequencing, any use? 
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Presenter
Presentation Notes
Thank to all our co-investigators and thank you for your attention




Thank you for your 
attention 

Presenter
Presentation Notes
For those of you who are not familiar with pathogenic fungi, approximately 200 species are known pathogens. 
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