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New Era, New Paradigm

Advent of affordable high-throughput (HT) life-science 
technologies in biology have rescaled the researchtechnologies in biology have rescaled the research 
landscape

T h l i l R l tiTechnological Revolution
HT Genomics (HT sequencing) 

Pan/Quantitative Genomics

HT Epigenomics (micro-arrays, HT sequencing)
Pan/Quantitative EpiGenomics 

• DNA Methylation, Chromatin structure 

HT Transcriptomics (micro-arrays, HT sequencing)
P /Q tit ti T i t iPan/Quantitative Transcriptomics

• Coding & non-coding RNA

HT Proteomics/Metabolomics (mass-spectrometry)
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HT Proteomics/Metabolomics (mass-spectrometry)
Pan/Quantitative Proteomics/Metabolomics 



New Era, New Paradigm

What impact these technologies can have on medical p g
practices ?

Medical Revolution / Personalized Medecine (4P)Medical Revolution / Personalized Medecine (4P)
Predictive

early diagnostic

Personalized
diagnostic, treatment | patient

Preemptive
preempt disease before occurrence

Participatory
individual + institutions (network)
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New Era, New Paradigm

W b 2 0 l d t & k l d h i i iWeb 2.0 leverage data & knowledge sharing in science
Network/Collaborative Era

BioWikis/BioTorrent/BioSharing
3.0 revolution is coming

Semantic Web (Linked Data / Ontologies)

DNA is a digital information
Genotypic vs phenotypic data (e.g. mass-spectrometry)

Dirac (Digital) vs Gaussian (Analogic)Dirac (Digital) vs Gaussian (Analogic)

DNA can be shared/reused easily
Incremental learningIncremental learning

• No worry about heterogeneity between studies 
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A cartography of HT sequencing 
instrumentsinstruments
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HT Sequencing & IVD technologies

HT Sequencing

Time / Cost

Heavyness

Mass-spectrometry

PCR

Heavyness

PCR

ELISA

Parameters
(Clinical Information)

1 50 >100

C t P li d
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Pre and post analytics bottlenecks

Analyzer Post-analyticsPre-analytics
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Sample / Target Preparation
From reads to customer 
relevant information

Critical items:

Sample / Target Preparation
From raw sample to ready-to-
sequence molecules 

Critical items:
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CPUs/Time/ Data and 
Knowledge/Software

Critical items:

Robustness/Faithfulness/Easiness/
Cost/Time



Pre and post analytics bottlenecks

Analyzer Post-analyticsPre-analytics
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Only HT sequencing can do this !

An amazing versatility

DNA sequencing

Protein-DNA binding
DNAse footprinting / ChIP-Seq

Epigenomics
Methylation (PacBio)
Chromatin structure (ChIP-Seq)

Transcriptomics
RNA-sequencing

Proteomics !
Aptamer-sequencing
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HT Sequencing and Clinical/Industrial 
end-pointsend points

Clinical end-point
pathogen disease treatment response etcpathogen, disease, treatment response, etc…

CONTENT 
Improvement of predictive modelsp p

• HT screening of novel predictive features
Improve/Refine biological knowledge

• Transfer learning

SYSTEM
Affordable cost per sample while maximizing accuracy & personalizing 
prediction (multiparametrics)p ( p )

Industrial end-point
Pharma, Cosmetic, Food, Agronomy, Ecology

Monitoring of product/environment quality

SYSTEM
New technologies to perform fine grained HT QC
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New technologies to perform fine-grained HT QC



Example of applications

Infectious Diseasesect ous seases

Inject knowledge to improve/develop 
IVD tests based on existing technologies
Antimicrobials

Real-time epidemiology

Metagenomics
A discovery platform for biomarkers
A li l l fA present quality-control platform
A future diagnostic platform ?
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Fast IVD development for emerging 
pathogenspathogens

Isolate & sequence new pathogen

S h f ifi i iSearch for specific immunogenic 
proteins

Comparative proteogenomics

Validation of candidate protein markers

Transfer to routine IVD platform
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Transfer to routine IVD platform



Example of applications

Infectious Diseasesect ous seases
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IVD tests based on existing technologies
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Real-time epidemiology

Metagenomics
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Reverse Vaccinology

Untargeted screening of patients to 
discover the causative agent

In-silico vaccine and therapeutic 
targets discovery

Validation of candidate vaccine and 
therapeutic targets 

R l ti it i f iReal-time monitoring of emerging 
pathogens

Escape immune system in 
vaccinated subjects
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vaccinated subjects
Antibiotic resistance



Example of applications

Infectious Diseasesect ous seases

Inject knowledge to improve/develop 
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Real-time epidemiology
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Leverage Real-time Epidemiology

C. Difficile

S AS. Aureus

M. Tuberculosis
New Paradigm
“Translation of sequence-based typing from whole 
genome sequencing into clinical practice via g q g p
interrogation of databases by individual practitioners will 
be a major behaviour change“

Step 1 - Infection Surveillance
Norovirus“One goal is to develop web-accessible informatics 

tools which are attractive and easy-to-use, enabling 
local practitioners to direct their routine infection 
control practice efficiently”
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control practice efficiently

Step 2 - Association Study (Host-pathogen)



Example of applications
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Metagenomics and Biomarkers

N t i i & H lthNutrisciences & Health
Obesity

Pathology
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Inflammatory bowel disease



Example of applications

Infectious Diseasesect ous seases
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Quality Control of Viral Vaccines

Viral Metagenomics

RNA cDNA + 
RandomExtraction Random 

Amplification
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QC of Viral Vaccines: pushed by FDA !

QC Passed QC Control QC Failed
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Example of applications

Infectious Diseasesect ous seases
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Antimicrobials

Real-time epidemiology

Metagenomics
A discovery platform for biomarkers
A li l l fA present quality-control platform
A future diagnostic platform ?
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Clinical Metagenomics

Direct sequencing from specimen

B fitBenefits
No need of culture (time consuming, bias)
Deliver simultaneously 

Identification/Typing (mixture)
Pathogenicity profile

Platform versatility
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Conclusion

We are living a revolutionWe are living a revolution
Quantitative genomics: don’t dream about (epi)genomic 
data, just get it !

R th d b t t bi lRather dream about system biology

HT sequencing and clinical / industrialHT sequencing and clinical / industrial 
applications

Highly promising technology
Content provider
Analyzer

Current bottlenecksCurrent bottlenecks
Pre/Post-analytics
Clinical validation

L d ll h i d h
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• Large and well characterized cohorts


