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Institut Curie / Inserm U900 / MINES ParisTech 
partnership 

•  A joint lab about ``Cancer computational genomics, 
bioinformatics, biostatistics and epidemiology'’ 

•  Located in Institut Curie, a major hospital and cancer 
research centre in Europe, and MINES ParisTech 



4 teams + 1 platform 

Systems	
  Biology	
  (Barillot):	
  
•  Modelling,	
  simula<ng	
  biological	
  systems	
  
•  Building	
  an	
  in	
  silico	
  atlas	
  of	
  cancer	
  pathways 	
  	
  

Clinical	
  Biosta5s5cs	
  (Asselain	
  /	
  Paole9):	
  
•  Clinical	
  trials	
  for	
  targeted	
  therapies	
  
•  Predic<ve	
  biomarkers 	
  	
  

Cancer	
  Gene5c	
  Epidemiology	
  (Andrieu):	
  
•  Gene<c	
  and	
  environmental	
  factors	
  in	
  breast	
  cancer	
  

Machine	
  learning	
  (Vert):	
  
•  Learning	
  from	
  «	
  big	
  omics	
  data	
  »	
  for	
  personalized	
  medicine	
  



Human genome project 
(1990-2003) 

-  Goal: sequence the 3,000,000,000 base 
pairs of the human genome	


-  Consortium of 20 laboratories, 6 countries	


-  13 years, $3,000,000,000 	





The	
  second	
  revolu<on	
  



A flood of omics data 

Genome 

Interactome 

Mutations 
Structural variations 

Smoothing parameter chosen to maximize agreement with breakpoint annotations, to learn breakpoints on other chromosomes

position/1e+07

Lo
gR

at
io

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

1

●

●

●
●●
●

●
●●
●

●
●
●

●●●
●●

●

●●
●

●
●
●
●
●

●

●

●●●
●●

●

●

●
●●

●

●
●●●
●

●

●
●
●
●
●

●

●

●
●
●
●

●

●●
●
●
●

●

●●●
●
●

●

●
●

●

●

●
●
●●
●

●
●
●

●
●
●
●●

●●

●
●●

●
●
●●●●
●

●

●●
●●●
●
●●
●

●

●

●

●

●

●
●
●
●

●
●●

●

●
●
●

●

●
●

●

●●
●●

●
●
●
●
●
●
●
●
●
●●
●

●

●

●
●
●
●

●
●
●

●
●●
●
●

●

●

●

●
●●

●
●

●

●
●
●
●

●

●

●
●

●

●

●

●
●●

●

●●

●
●
●●●●
●●
●
●

●
●
●●●●
●
●
●
●

●

●
●
●
●

●●
●●●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●●●
●

●

●

●

●

●●

●

●

●

●●

●
●

●
●●
●
●
●
●
●
●

●

●

●

●
●●

●
●
●●●

●

●

●●●
●

●
●

●

●
●●●

●●●

●
●●●●

●
●●
●
●
●

●

●

●

●

●
●●
●

●
●

●
●

●

●

●

●

●

●
●

●
●

●

●

●●

●

●

●
●

●

●

●

●

●●
●
●
●●●
●

●●

●

●

●

●●

●

●
●
●

●

●
●
●
●

●
●

●
●

●
●●●

●●●

●

●

●
●

●
●
●●●●

●
●●
●
●
●●
●

●

●●

●

●

●
●
●●
●
●

●
●●

●

●

●

●●
●

●

●●●

●

●

●

●

●

●

●

●

●
●●
●

●
●●
●

●
●
●

●●●
●●

●

●●
●

●
●
●
●
●

●

●

●●●
●●

●

●

●
●●

●

●
●●●
●

●

●
●
●
●
●

●

●

●
●
●
●

●

●●
●
●
●

●

●●●
●
●

●

●
●

●

●

●
●
●●
●

●
●
●

●
●
●
●●

●●

●
●●

●
●
●●●●
●

●

●●
●●●
●
●●
●

●

●

●

●

●

●
●
●
●

●
●●

●

●
●
●

●

●
●

●

●●
●●

●
●
●
●
●
●
●
●
●
●●
●

●

●

●
●
●
●

●
●
●

●
●●
●
●

●

●

●

●
●●

●
●

●

●
●
●
●

●

●

●
●

●

●

●

●
●●

●

●●

●
●
●●●●
●●
●
●

●
●
●●●●
●
●
●
●

●

●
●
●
●

●●
●●●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●●●
●

●

●

●

●

●●

●

●

●

●●

●
●

●
●●
●
●
●
●
●
●

●

●

●

●
●●

●
●
●●●

●

●

●●●
●

●
●

●

●
●●●

●●●

●
●●●●

●
●●
●
●
●

●

●

●

●

●
●●
●

●
●

●
●

●

●

●

●

●

●
●

●
●

●

●

●●

●

●

●
●

●

●

●

●

●●
●
●
●●●
●

●●

●

●

●

●●

●

●
●
●

●

●
●
●
●

●
●

●
●

●
●●●

●●●

●

●

●
●

●
●
●●●●

●
●●
●
●
●●
●

●

●●

●

●

●
●
●●
●
●

●
●●

●

●

●

●●
●

●

●●●

●

●

●

●

●

●

●

●●●
●●

●

●

●
●●

●

●
●●●
●

●

●
●
●
●
●

●

●

●
●
●
●

●

●●
●
●
●

●

●●●
●
●

●

●
●

●

●

●
●
●●
●

●
●
●

●
●
●
●●

●●

●
●●

●
●
●●●●
●

●

●●
●●●
●
●●
●

●

●

●

●

●

●
●
●
●

●
●●

●

●
●
●

●

●
●

●

●●
●●

●
●
●
●
●
●
●
●
●
●●
●

●

●

●
●
●
●

●
●
●

●
●●
●
●

●

●

●

●
●●

●
●

●

●
●
●
●

●

●

●
●

●

●

●

●
●●

●

●●

●
●
●●●●
●●
●
●

●
●
●●●●
●
●
●
●

●

●
●
●
●

●●
●●●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●●●
●

●

●

●

●

●●

●

●

●

●●

●
●

●
●●
●
●
●
●
●
●

●

●

●

●
●●

●
●
●●●

●

●

●●●
●

●
●

●

●
●●●

●●●

●
●●●●

●
●●
●
●
●

●

●

●

●

●
●●
●

●
●

●
●

●

●

●

●

●

●
●

●
●

●

●

●●

●

●

●
●

●

●

●

●

●●
●
●
●●●
●

●●

●

●

●

●●

●

●
●
●

●

●
●
●
●

●
●

●
●

●
●●●

●●●

●

●

●
●

●
●
●●●●

●
●●
●
●
●●
●

●

●●

●

●

●
●
●●
●
●

●
●●

●

●

●
●

●●
●
●
●
●●

●

●●
●

●●
●
●

●

●

●

●●
●

●

●●●

●

●

●

●

●

●●
●
●●●●●●●

0 5 10 15 20

2

●

●

●

●●

●

●

●
●●

●

●●
●

●
●
●

●
●
●
●

●

●

●●
●●
●

●

●

●
●
●●
●
●●
●

●

●
●

●

●

●●
●

●●

●
●
●●
●●●
●
●●

●
●●
●●
●

●

●●●●●●

●

●●●
●
●●

●

●

●
●

●
●●
●
●●

●●

●●

●
●
●●●

●
●
●
●
●

●

●

●
●
●●●●
●

●
●

●●

●

●●

●
●

●

●

●
●

●●
●●●●●
●●●
●●
●

●
●

●
●

●
●

●
●
●

●
●
●

●
●●●

●●

●
●●

●

●●

●

●
●

●

●

●
●
●
●
●●●●

●
●

●
●

●

●

●

●●
●●●
●
●●

●
●●●
●
●

●
●

●
●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●
●●

●

●●
●

●
●
●

●
●
●
●

●

●

●●
●●
●

●

●

●
●
●●
●
●●
●

●

●
●

●

●

●●
●

●●

●
●
●●
●●●
●
●●

●
●●
●●
●

●

●●●●●●

●

●●●
●
●●

●

●

●
●

●
●●
●
●●

●●

●●

●
●
●●●

●
●
●
●
●

●

●

●
●
●●●●
●

●
●

●●

●

●●

●
●

●

●

●
●

●●
●●●●●
●●●
●●
●

●
●

●
●

●
●

●
●
●

●
●
●

●
●●●

●●

●
●●

●

●●

●

●
●

●

●

●
●
●
●
●●●●

●
●

●
●

●

●

●

●●
●●●
●
●●

●
●●●
●
●

●
●

●
●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●
●

●
●●
●●●●●●●
●●
●
●
●
●●
●
●●
●

●

●
●

●

●

●●
●

●●

●
●
●●
●●●
●
●●

●
●●
●●
●

●

●●●●●●

●

●●●
●
●●

●

●

●
●

●

●

●●
●
●●

●●

●●

●
●
●●●

●
●
●
●
●

●

●

●
●
●●●●
●

●
●

●●

●

●●

●
●

●

●

●
●

●●
●●●●●
●●●
●●
●

●
●

●
●

●
●

●
●
●

●
●
●

●
●●●

●●

●
●●

●

●●

●

●
●

●

●

●
●
●
●
●●●●

●
●

●
●

●

●

●

●●
●●●
●
●●

●
●●●
●
●

●
●

●
●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●●
●●●●
●●●

●

●●●
●

●

0 5 10 15 20

3

●
●
●●
●
●●●

●
●

●

●●

●

●
●

●

●
●
●●
●
●

●

●
●

●

●
●●
●●

●●●

●
●

●

●●●
●●
●●

●●●●

●●●●

●●

●
●●
●●
●●●
●
●●
●
●
●

●
●●

●

●
●

●
●

●

●●
●
●●

●

●
●
●●

●●

●

●

●

●

●

●
●

●●
●●
●

●

●

●
●●

●

●

●
●

●

●

●

●

●●
●

●

●
●●●
●●

●

●●●
●

●
●
●
●

●
●

●

●

●

●

●●
●

●

●

●
●●
●
●

●
●

●

●●●●

●

●

●
●

●
●
●●
●
●●●

●
●

●

●●

●

●
●

●

●
●
●●
●
●

●

●
●

●
●
●●
●●

●●●

●
●

●

●●●
●●
●●

●●●●

●●●●

●●

●
●●
●●
●●●
●
●●
●
●
●

●
●●

●

●
●

●
●

●

●●
●
●●

●

●
●
●●

●●

●

●

●

●

●

●
●

●●
●●
●

●

●

●
●●

●

●

●
●

●

●

●

●

●●
●

●

●
●●●
●●

●

●●●
●

●
●
●
●

●
●

●

●

●

●

●●
●

●

●

●
●●
●
●

●
●

●

●●●●

●

●

●
●

●
●
●●
●
●●●

●
●

●

●●

●

●
●

●

●
●
●●
●
●

●

●
●

●
●
●●
●●

●●●

●
●

●

●●●
●●
●●

●●●●

●●●●

●●

●
●●
●●
●●●
●
●●
●
●
●

●
●●

●

●
●

●
●

●

●●
●
●●

●

●
●
●●

●●

●

●

●

●

●

●
●

●●
●●
●

●

●

●
●●

●

●

●
●

●

●

●

●

●●
●

●

●
●●●
●●

●

●●●
●

●
●
●
●

●
●

●

●

●

●

●●
●

●

●

●
●●
●
●

●
●

●

●●●●

●

●

●
●

0 5 10 15

4

●

●

●
●●●

●●●●

●
●●

●●●●

●

●
●
●
●
●●
●
●
●●
●
●●
●●

●●●

●

●

●

●
●

●

●

●●
●
●●●●●●●●●●

●

●

●

●

●

●●●
●
●●●
●
●

●

●●

●

●

●
●

●●
●
●●
●

●●
●

●●

●

●

●

●

●●
●●
●●●●

●
●

●

●

●
●

●

●●
●
●●
●
●●●●

●

●

●
●●●●
●●●●

●

●
●

●
●

●

●

●
●●●

●●●●

●
●●

●●●●

●

●
●
●
●
●●
●
●
●●
●
●●
●●

●●●

●

●

●

●
●

●

●

●●
●
●●●●●●●●

●

●●
●

●

●

●

●

●●●
●
●●●
●
●

●

●●

●

●

●
●

●●
●
●●
●

●●
●

●●

●

●

●

●

●●
●●
●●●●

●
●

●

●

●
●

●

●●
●
●●
●
●●●●

●

●

●
●

●

●●●
●●●●

●

●
●

●

●

●
●●●

●●●●

●
●●

●●●●

●

●
●
●
●
●●
●
●
●●
●
●●
●●

●●●

●

●

●

●
●

●

●

●●
●
●●●●●●●●

●

●●
●

●

●

●

●

●●●
●
●●●
●
●

●

●●

●

●

●
●

●●
●
●●
●

●●
●

●●

●

●

●

●

●●
●●
●●●●

●
●

●

●

●
●

●

●●
●
●●
●
●●●●

●

●

●
●

●

●●●
●●●●

●

●
●

0 5 10 15

5

●
●

●

●●●●
●●

●

●

●
●

●●

●

●
●

●
●

●

●

●
●●

●

●

●

●
●●
●●

●
●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●
●
●●●

●
●

●

●

●

●

●

●

●
●

●●
●

●

●●
●

●●

●

●
●●
●

●

●

●●●●●●●
●●●

●

●●
●●

●
●

●
●●

●●
●
●

●

●

●●

●
●

●●

●●

●

●
●

●

●

●●

●
●●

●

●●
●

●

●

●

●●●
●

●

●
●
●●
●●
●
●
●

●
●●●●●
●●●
●
●●

●

●

●●
●
●
●●●

●

●
●

●

●

●●

●

●

●

●
●

●

●●●●
●●

●

●

●
●

●●

●

●
●

●
●

●

●

●
●●

●

●

●

●
●●
●●

●
●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●
●
●●●

●
●

●

●

●

●

●

●

●
●

●●
●

●

●●
●

●●

●

●
●●
●

●

●

●●●●●●●
●●●

●

●●
●●

●
●

●
●●

●●
●
●

●

●

●●

●
●

●●

●●

●

●
●

●

●

●●

●
●●

●

●●
●

●

●

●

●●●
●

●

●
●
●●
●●
●
●
●

●
●●●●●
●●●
●
●●

●

●

●●
●
●
●●●

●

●
●

●

●

●●

●

●

●

●
●

●

●●●●
●●

●

●

●
●

●●

●

●
●

●
●

●

●

●
●●

●

●

●

●
●●
●●

●
●

●

●

●

●

●●

●

●
●

●
●

●

●

●

●
●
●●●

●
●

●

●

●

●

●

●

●
●

●●
●

●

●●
●

●●

●

●
●●
●

●

●

●●●●●●●
●●●

●

●●
●●

●
●

●
●●

●●
●
●

●

●

●●

●
●

●●

●●

●

●
●

●

●

●●

●
●●

●

●●
●

●

●

●

●●●
●

●

●
●
●●
●●
●
●
●

●
●●●●●
●●●
●
●●

●

●

●●
●
●
●●●

●

●
●

●

●

●●

●

●

●

5 10 15

6

●
●
●

●

●

●●●●●
●

●●●

●

●

●

●●

●
●●●

●

●●●
●
●

●
●

●

●

●

●
●

●

●

●

●●

●
●
●
●

●

●

●

●

●

●●
●

●

●

●●
●

●

●

●

●
●

●●

●
●

●
●
●●●

●●

●

●
●

●●

●

●
●
●
●
●●
●
●
●

●
●
●
●
●

●●
●●

●●
●●
●
●
●

●

●

●

●
●
●
●●
●

●
●●●
●

●
●

●

●●

●

●

●
●
●

●

●

●●●●●
●

●●●

●

●

●

●●

●
●●●

●

●●●
●
●

●
●

●

●

●

●
●

●

●

●

●●

●
●
●
●

●

●

●

●

●

●●
●

●

●

●●
●

●

●

●

●
●

●●

●
●

●
●
●●●

●●

●

●
●

●●

●

●
●
●
●
●●
●
●
●

●
●
●
●
●

●●
●●

●●
●●
●
●
●

●

●

●

●
●
●
●●
●

●
●●●
●

●
●

●

●●

●

●

●
●
●

●

●

●●●●●
●

●●●

●

●

●

●●

●
●●●

●

●●●
●
●

●
●

●

●

●

●
●

●

●

●

●●

●
●
●
●

●

●

●

●

●

●●
●

●

●

●●
●

●

●

●

●
●

●●

●
●

●
●
●●●

●●

●

●
●

●●

●

●
●
●
●
●●
●
●
●

●
●
●
●
●

●●
●●

●●
●●
●
●
●

●

●

●

●
●
●
●●
●

●
●●●
●

●
●

●

●●

●

●

5 10 15

7

●
●

●
●

●

●

●
●
●
●

●●●●●

●

●
●

●

●●

●●

●

●

●

●
●●

●●
●
●
●

●

●
●●

●

●
●
●
●●
●

●
●●

●

●

●
●
●●

●
●

●●

●

●

●●●●
●●

●

●●

●●

●●
●
●
●

●

●

●
●●●

●

●

●

●

●

●

●
●

●

●

● ●
●

●
●

●
●

●

●

●
●
●
●

●●●●●

●

●
●

●

●●

●●

●

●

●

●
●●

●●
●
●
●

●

●
●●

●

●
●
●
●●
●

●
●●

●

●

●
●
●●

●
●

●●

●

●

●●●●
●●

●

●●

●●

●●
●
●
●

●

●

●
●●●

●

●

●

●

●

●

●
●

●

●

● ●
●

●
●

●
●

●

●

●
●
●
●

●●●●●

●

●
●

●

●●

●●

●

●

●

●
●●

●●
●
●
●

●

●
●●

●

●
●
●
●●
●

●
●●

●

●

●
●
●●

●
●

●●

●

●

●●●●
●●

●

●●

●●

●●
●
●
●

●

●

●
●●●

●

●

●

●

●

●

●
●

●

●

● ●
●

5 10 15

8

●
●
●
●

●●
●
●
●●●

●●●

●

●●●●
●

●

●

●

●

●●

●
●●●
●
●●●●●
●

●

●

●
●

●

●●
●
●
●
●
●
●
●●

●

●

●

●
●●

●

●
●
●

●
●
●
●
●

●
●

●
●
●

●
●

●

●
●●●●●

●
●●
●●

●

●
●

●●
●●

●
●●

●

●

●

●●
●●

●

●

●
●
●
●

●●
●
●
●●●

●●●

●

●●●●
●

●

●

●

●

●●

●
●●●
●
●●●●●
●

●

●

●
●

●

●●
●
●
●
●
●
●
●●

●

●

●

●
●●

●

●
●
●

●
●
●
●
●

●
●

●
●
●

●
●

●

●
●●●●●

●
●●
●●

●

●
●

●●
●●

●
●●

●

●

●

●●
●●

●

●

●
●
●
●

●●
●
●
●●●

●●●

●

●●●●
●

●

●

●

●

●●

●
●●●
●
●●●●●
●

●

●

●
●

●

●●
●
●
●
●
●
●
●●

●

●

●

●
●●

●

●
●
●

●
●
●
●
●

●
●

●
●
●

●
●

●

●
●●●●●

●
●●
●●

●

●
●

●●
●●

●
●●

●

●

●

●●
●●

●

●

2468101214

9

●●
●
●
●
●

●

●●●
●

●●

●●
●
●

●

●

●

●
●●

●
●
●●●

●

●●

●
●

●

●

●

●

●

●

●●

●●

●

●

●

●
●
●●

●
●

●

●
●

●
●●
●
●

●
●●●
●
●

●

●●
●
●
●

●

●

●

●

●

●●●●

●

●●
●

●
●

●●

●

●●
●●

●

●

●
●
●●

●
●

●

●

●●
●
●
●
●

●

●●●
●

●●

●

●●
●
●

●

●

●

●
●●

●
●
●●●

●

●●

●
●

●

●

●

●

●

●

●●

●●

●

●

●

●
●
●●

●
●

●

●
●

●
●●
●
●

●
●●●
●
●

●

●●
●
●
●

●

●

●

●

●

●●●●

●

●●
●

●
●

●●

●

●●
●●

●

●

●
●
●●

●
●

●

●●
●
●
●
●

●

●●●
●

●●

●

●●
●
●

●

●

●

●
●●

●
●
●●●

●

●●

●
●

●

●

●

●

●

●

●●

●●

●

●

●

●
●
●●

●
●

●

●
●

●
●●
●
●

●
●●●
●
●

●

●●
●
●
●

●

●

●

●

●

●●●●

●

●●
●

●
●

●●

●

●●
●●

●

●

●
●
●●

●
●

●

2468101214

10

●

●
●

●
●

●

●

●●●
●

●

●

●

●●●
●●
●●●

●

●
●

●

●

●
●

●

●●

●●
●
●
●●
●

●

●

●●●●
●
●●
●●
●

●

●

●

●

●●
●

●

●

●
●

●

●
●●

●

●
●
●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●
●

●●

●
●

●●

●●
●

●

●●●
●

●

●
●

●

●

●

●
●

●
●
●●
●

●

●
●●

●

●

●
●
●
●

●

●

●●●
●

●

●

●

●●●
●●
●●●

●

●
●

●

●

●
●

●

●●

●●
●
●
●●
●

●

●

●●●●
●
●●
●●
●

●

●

●

●

●●
●

●

●

●
●

●

●
●●

●

●
●
●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●
●

●●

●
●

●●

●●
●

●

●●●
●

●

●
●

●

●

●

●
●

●
●
●●
●

●

●
●●

●

●

●
●
●
●

●

●

●●●
●

●

●

●

●●●
●●
●●●

●

●
●

●

●

●
●

●

●●

●●
●
●
●●
●

●

●

●●●●
●
●●
●●
●

●

●

●

●

●●
●

●

●

●
●

●

●
●●

●

●
●
●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●
●

●●

●
●

●●

●●
●

●

●●●
●

●

●
●

●

●

●

●
●

●
●
●●
●

●

●
●●

●

24681012

11

●

●●●●
●
●
●

●

●

●

●

●
●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

●
●●
●
●

●

●
●
●●●

●
●
●
●

●

●

●
●

●●

●
●●●●

●

●

●
●

●

●

●
●

●

●
●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●
●●

●

●

●

●
●

●

●●

●
●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●●●●
●
●
●

●

●

●

●

●
●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

●
●●
●
●

●

●
●
●●●

●
●
●
●

●

●

●
●

●●

●
●●●●

●

●

●
●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●
●●

●

●

●

●
●

●

●●

●
●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

● ●

●

●●●●
●
●
●

●

●

●

●

●
●
●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●
●
●

●
●●
●
●

●

●
●
●●●

●
●
●
●

●

●

●
●

●●

●
●●●●

●

●

●
●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●
●●

●

●

●

●
●

●

●●

●
●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

● ●

24681012

12

●

●

●

●

●
●

●

●

●

●●

●

●

●●

●

●

●

●
●

●●

●

●●
●
●●

●

●

●

●

●●●

●●

●

●●
●
●●

●

●

●

●

●
●

●

●
●
●
●
●
●●

●

●
●
●●●

●
●
●●
●

●●
●

●

●

●

●
●

●

●●●

●

●

●●

●

●
●
●

●

●

●

●

●

●
●
●●
●●

●●
●●●
●

●

●

●

●
●

●

●●

●

●
●●

●

●
●●
●
●
●
●
●

●

●

●

●
●●●

●
●

●
●
●●
●
●

●

●

●

●

●
●
●

●

●
●

●

●
●

●
●●

●

●●●
●

●

●
●
●●

●

●●
●
●
●
●
●
●
●

●

●

●●
●●●
●●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●●

●

●

●

●
●

●●

●

●●
●
●●

●

●

●

●

●●●

●●

●

●●
●
●●

●

●

●

●

●
●

●

●
●
●
●
●
●●

●

●
●
●●●

●
●
●●
●

●●
●

●

●

●

●
●

●

●●●

●

●

●●

●

●
●
●

●

●

●

●

●

●
●
●●
●●

●●
●●●
●

●

●

●

●
●

●

●●

●

●
●●

●

●
●●
●
●
●
●
●

●

●

●

●
●●●

●
●

●
●
●●
●
●

●

●

●

●

●
●
●

●

●
●

●

●
●

●
●●

●

●●●
●

●

●
●
●●

●

●●
●
●
●
●
●
●
●

●

●

●●
●●●
●●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●●

●

●

●

●
●

●●

●

●●
●
●●

●

●

●

●

●●●

●●

●

●●
●
●●

●

●

●

●

●
●

●

●
●
●
●
●
●●

●

●
●
●●●

●
●
●●
●

●●
●

●

●

●

●
●

●

●●●

●

●

●●

●

●
●
●

●

●

●

●

●

●
●
●●
●●

●●
●●●
●

●

●

●

●
●

●

●●

●

●
●●

●

●
●●
●
●
●
●
●

●

●

●

●
●●●

●
●

●
●
●●
●
●

●

●

●

●

●
●
●

●

●
●

●

●
●

●
●●

●

●●●
●

●

●
●
●●

●

●●
●
●
●
●
●
●
●

●

●

●●
●●●
●●

●

●

24681012

13

●●
●●
●
●●

●
●

●

●●
●
●●●
●
●

●

●

●

●

●

●
●
●

●
●

●●
●

●●
●
●●
●

●

●
●
●

●
●

●●●●
●

●
●

●

●
●
●

●
●

●

●●
●

●

●
●
●

●

●

●●

●
●
●
●●●
●●●

●

●

●●
●●
●
●●

●
●

●

●●
●
●●●
●
●

●

●

●

●

●

●
●
●

●
●

●●
●

●●
●
●●
●

●

●
●
●

●
●

●●●●
●

●
●

●

●
●
●

●
●

●

●●
●

●

●
●
●

●

●

●●

●
●
●
●●●
●●●

●

●

●●
●●
●
●●

●
●

●

●●
●
●●●
●
●

●

●

●

●

●

●
●
●

●
●

●●
●

●●
●
●●
●

●

●
●
●

●
●

●●●●
●

●
●

●

●
●
●

●
●

●

●●
●

●

●
●
●

●

●

●●

●
●
●
●●●
●●●

●

●

246810

14

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●●

●
●●

●

●

●

●

●●

●

●

●
●

●

●
●
●●
●
●
●●
●●
●
●●
●

●
●

●
●
●
●

●
●

●

●
●●

●

●●
●

●●

●

●

●

●

●

●

●
●

●
●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●●

●
●●

●

●

●

●

●●

●

●

●
●

●

●
●
●●
●
●
●●
●●
●
●●
●

●
●

●
●
●
●

●
●

●

●
●●

●

●●
●

●●

●

●

●

●

●

●

●
●

●
●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●●

●
●●

●

●

●

●

●●

●

●

●
●

●

●
●
●●
●
●
●●
●●
●
●●
●

●
●

●
●
●
●

●
●

●

●
●●

●

●●
●

●●

●

●

●

●

●

●

●
●

●
●

246810

15

●

●●

●

●

●●●●

●

●

●

●●●
●
●
●

●

●

●
●
●●●

●

●
●

●

●●
●●

●●

●
●

●

●
●
●●●

●

●

●●
●●

●
●

●●
●

●●

●
●

●

●●

●
●

●●

●●
●●

●

●

●●

●

●

●●●●

●

●

●

●●●
●
●
●

●

●

●
●
●●●

●

●
●

●

●●
●●

●●

●
●

●

●
●
●●●

●

●

●●
●●

●
●

●●
●

●●

●
●

●

●●

●
●

●●

●●
●●

●

●

●●

●

●

●●●●

●

●

●

●●●
●
●
●

●

●

●
●
●●●

●

●
●

●

●●
●●

●●

●
●

●

●
●
●●●

●

●

●●
●●

●
●

●●
●

●●

●
●

●

●●

●
●

●●

●●
●●

●

246810

16

●

●
●●

●

●●●

●
●●●●
●
●●●

●

●●●

●●●

●
●●
●●
●
●
●

●
●
●●

●

●

●
●

●●
●●●●●●
●●●●●

●

●
●
●●●●

●●●
●●
●

●

●
●

●

●

●

●

●
●●

●

●●●

●
●●●●
●
●●●

●

●●●

●●●

●
●●
●●
●
●
●

●
●
●●

●

●

●

●
●

●

●

●●
●
●●●●
●●●●●

●

●
●
●●●●

●●●
●●
●

●

●
●

●

●

●
●●

●

●●●

●
●●●●
●
●●●

●

●●●

●●●

●
●●
●●
●
●
●

●
●
●●

●

●

●

●
●

●

●

●●
●
●●●●
●●●●●

●

●
●
●●●●

●●●
●●
●

●

●
●

●

2468

17

●

●●

●

●
●
●●

●

●

●

●
●
●

●
●

●

●●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●●●●
●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●
●

●

●
●
●

●

●

●
●●

●

●●
●

●
●●●●
●●●

●

●

●

●●

●

●
●

●
●
●

●

●●

●

●
●
●

●

●
●
●

●

●

●
●

●●

●

●
●
●●
●

●●●

●
●●
●
●

●
●
●

●●

●
●

●

●
●

●●

●
●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●
●
●

●

●

●
●●

●

●●
●

●
●

●

●●

●

●
●
●●

●

●

●

●
●
●

●
●

●

●●

●

●

●●●
●

●

●

●

●●

●

●

●

●●

●

●
●

●
●
●

●

●●

●

●
●
●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●●●
●

●

●

●

●

●
●

●

●●

●

●
●
●

●

●

●

●

●

●

●
●

●●

●

●
●
●●
●

●●●

●
●●
●
●

●
●
●

●●

●
●

●

●
●

●●

●
●

●

●●

●

●

●

●

●

●

●
●

●

●
●
●

●

●

●
●●

●

●●
●

●
●

●

●●

●

●
●
●●

●

●

●

●
●
●

●
●

●

●●

●

●

●●●
●

●

●

●

●●

●

●

●

●●

●

●
●

●
●
●

●

●●

●

●
●
●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

●●●
●

●

●

●

●

●
●

●

●●

●

●
●
●

●

●

●

●

●

●

●
●

●●

●

●
●
●●
●

●●●

●
●●
●
●

●
●
●

●●

●
●

●

●
●

●●

●
●

●

●●

●

●

2468

18

●●
●●

●

●
●
●●●●●●

●
●
●●
●●●
●
●●●

●●

●

●●●
●●●
●

●

●
●
●●

●●●
●
●●
●
●
●

●
●●
●
●●

●
●●●

●

●
●●

●
●

●

●

●
●
●

●●
●●

●

●
●
●●●●●●

●
●
●●

●

●

●
●

●●
●
●●●

●●

●

●●●
●●●
●

●

●
●
●●

●●●
●
●●
●
●
●

●
●●
●
●●

●
●●●

●

●
●●

●
●

●
●

●●
●●

●

●
●
●●●●●●

●
●
●●

●

●

●
●

●●
●
●●●

●●

●

●●●
●●●
●

●

●
●
●●

●●●
●
●●
●
●
●

●
●●
●
●●

●
●●●

●

●
●●

●
●

●
●

1234567

19

●

●
●

●
●
●

●

●

●

●●
●●

●

●
●
●●
●●
●

●●
●

●●

●●
●

●

●
●●

●●●

●●

●

●

●
●

●
●
●

●

●

●

●●
●●

●

●
●
●●
●●
●

●●
●

●●

●●
●

●

●
●●

●●●

●●

●

●

●
●

●
●
●

●

●

●

●●
●●

●

●
●
●●
●●
●

●●
●

●●

●●
●

●

●
●●

●●●

●●

●

12345

20

●

●

●●
●

●

●●

●

●
●
●

●●
●

●
●●●

●

●

●

●

●

●●

●

●
●

●●

●
●●●
●●

●

●
●

●
●

●

●

●

●

●

●

●

●●
●
●

●●

●

●

●●

●

●

●

●

●
●

●

●
●●●

●●
●
●●●●
●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●
●●●

●●
●
●●●●
●

●

●●

●
●

●

●●
●

●

●●

●

●
●
●

●●
●

●
●●●

●

●

●

●

●

●●

●

●
●

●●

●
●●●
●●

●

●
●

●
●

●

●

●

●

●

●

●

●●
●
●

●●

●

●

●●

●

●

●

●

●

●

●
●

●

●
●●●

●●
●
●●●●
●

●

●●

●
●

●

●●
●

●

●●

●

●
●
●

●●
●

●
●●●

●

●

●

●

●

●●

●

●
●

●●

●
●●●
●●

●

●
●

●
●

●

●

●

●

●

●

●

●●
●
●

●●

●

●

●●

●

123456

21

●

●

●

●●

●
●

●

●●

●

●
●

●

●

●
●●

●

●

●

●

●

●

●●●
●

●

●

●●●
●

●●

●

●

●
●●

●

●

●

●●

●
●

●

●●

●

●
●

●

●

●
●●

●

●

●

●

●

●

●●●
●

●

●

●●●
●

●●

●

●

●
●●

●

●

●

●●

●
●

●

●●

●

●
●

●

●

●
●●

●

●

●

●

●

●

●●●
●

●

●

●●●
●

●●

●

●

●
●●

1.52.02.53.03.54.04.5

22

●
●
●

●●

●●
●●
●
●
●
●

●

●

●

●

●

●

●
●
●
●●
●

●
●
●●●

●

●

●
●●

●
●
●
●●●

●
●●

●
●

●

●●●
●●●
●

●

●
●
●
●

●
●

●
●
●

●
●●

●●

●

●
●
●

●●

●●
●●
●
●
●
●

●

●

●

●

●

●

●
●
●
●●
●

●
●
●●●

●

●

●
●●

●
●
●
●●●

●
●●

●
●

●

●●●
●●●
●

●

●
●
●
●

●
●

●
●
●

●
●●

●●

●

●
●
●

●●

●●
●●
●
●
●
●

●

●

●

●

●

●

●
●
●
●●
●

●
●
●●●

●

●

●
●●

●
●
●
●●●

●
●●

●
●

●

●●●
●●●
●

●

●
●
●
●

●
●

●
●
●

●
●●

●●

●

1.52.02.53.03.54.04.55.0

X

●

●●

●

●
●

●

●
●

●

●

●
●
●●

●

●

●

●

●

●●
●

●

●●

●

●
●

●

●●

●

●

●●
●
●

●

●
●

●●●
●●

●

●

●

●

●

●

●

●
●
●

●●

●

●●●

●
●
●
●
●

●●
●
●●

●
●

●
●

●

●

●●

●

●●

●
●

●

●

●●
●
●

●

●

●●

●

●
●

●

●
●

●

●

●
●
●●

●

●

●

●

●

●●
●

●

●●

●

●
●

●

●●

●

●

●●
●
●

●

●
●

●●●
●●

●

●

●

●

●

●

●

●
●
●

●●

●

●●●

●
●
●
●
●

●●
●
●●

●
●

●
●

●

●

●●

●

●●

●
●

●

●

●●
●
●

●

●

●●

●

●
●

●

●
●

●

●

●
●
●●

●

●

●

●

●

●●
●

●

●●

●

●
●

●

●●

●

●

●●
●
●

●

●
●

●●●
●●

●

●

●

●

●

●

●

●
●
●

●●

●

●●●

●
●
●
●
●

●●
●
●●

●
●

●
●

●

●

●●

●

●●

●
●

●

●

●●
●
●

●

2468101214

Y

●

●

●

●

●

●

●

●

●

●

●

●

0.51.01.52.02.5

0.01
100

1e+08

label
breakpoint
normal

Status
● Lots
● Trisomy
● Normal
● Monosomy
● Loss

Outlier
● inlier
● outlier

Epigenome 

Phenome 

Transcriptome 

Publications 



All	
  cancers	
  are	
  different	
  



Cancer: different views 



Big data! 
•  http://aws.amazon.com/1000genomes/  



Prognosis 

Diagnosis 

Response to 
drugs 

Predic<ve	
  
Opportuni-es	
  



Personalized	
  
medicine	
  

Mecanisms,	
  
	
  drug	
  targets	
   Drug	
  design	
  

Machine learning 

Ra<onale	
  of	
  my	
  team	
  



Machine	
  Learning?	
  

Challenges	
  
-­‐  High	
  dimension	
  
-­‐  Few	
  examples	
  
-­‐  Structured	
  data	
  
-­‐  Efficient	
  algorithms	
  
-­‐  Interpretability	
  



Example:	
  Pa<ent	
  stra<fica<on	
  



Problem	
  :	
  n	
  <<	
  p	
  

n	
  =	
  1E2	
  ~	
  1E4	
  
(pa<ents)	
  
	
  
p	
  =	
  1E4	
  ~	
  1E7	
  
(genes,	
  muta<ons,	
  
copy	
  numbers,	
  …)	
  



Feature	
  Selec<on	
  



Example:	
  	
  
Breast	
  cancer	
  prognos<c	
  signature	
  

(Van	
  de	
  Vijver	
  et	
  al	
  2002)	
  



But…	
  

70	
  genes	
  (Nature,	
  2002)	
   76	
  genes	
  (Lancet,	
  2005)	
  

3	
  genes	
  in	
  common	
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Prior	
  knowledge:	
  gene	
  network	
  

Can	
  we	
  «	
  force	
  »	
  the	
  signature	
  to	
  be	
  «	
  coherent	
  »	
  
with	
  a	
  known	
  network?	
  



Example:	
  the	
  graph	
  lasso	
  
•  Step	
  1:	
  Using	
  the	
  network,	
  define	
  a	
  subset	
  of	
  
«	
  candidate	
  »	
  signatures	
  

•  Step	
  2:	
  Among	
  the	
  candidates,	
  find	
  the	
  best	
  
signature	
  to	
  explain	
  the	
  data	
  

(Jacob	
  et	
  al	
  2009)	
  



Classical signature 



The	
  graph	
  lasso	
  signature	
  



Example:	
  Toxicogene<cs	
  /	
  
Pharmacogenomics	
  



Problem:	
  n	
  <<	
  p	
  

n	
  =	
  5E4	
  
	
  
p	
  =	
  1E10	
  



Crowd-­‐sourcing	
  ini<a<ves	
  



Our	
  approach	
  

cell line descriptors

drug descriptors

Kcell

kernelized
Kdrug

kernel
bilinear

regression
f̂

jeudi 7 novembre 13



Cell	
  line	
  descriptors	
  (30	
  kernels)	
  Cell line data integration

Covariates
. linear kernel

SNPs
. 10 gaussian 

kernels

RNA-seq
. 10 gaussian 

kernels

}
Integrated kernel

mercredi 6 novembre 13



Chemical	
  descriptors	
  (49	
  kernels)	
  

•  Descriptors	
  of	
  chemical	
  structures	
  
•  Mul<task	
  kernels	
  
•  Empirical	
  correla<on	
  
•  Integrated	
  kernel	
  

Multi-task drug kernels

1 Dirac
2 Multi-Task
3 Feature-based
4 Empirical
5 Integrated

Empirical correlation
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Value

0
10
0

Color Key
and Histogram

C
ou
nt



Learning	
  occurs…	
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Final	
  submission	
  (ranked	
  2nd)	
  Final Submission (ranked 2nd)
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Conclusion	
  

•  Lots	
  of	
  data	
  due	
  to	
  
technological	
  
progress	
  

•  Opportuni5es:	
  
precision	
  medicine,	
  
quan<ta<ve	
  biology	
  

•  Challenges:	
  	
  	
  	
  
«	
  small	
  N	
  »,	
  weak	
  
signal,	
  complex	
  
systems	
  



Thanks!	
  

Thanks

Alexandre d’Aspremont, Emmanuel Barillot, Anne-Claire Haury,
Laurent Jacob, Pierre Mahé, Julien Mairal, Guillaume Obozinski,
Franck Rapaport, Jean-Baptiste Veyrieras, Andrei Zynoviev
... and all CBIO@Mines

Point&d’étape&ITI&/&20&FEVRIER&–&1er&JUILLET&2014&!
C.SURIAM!–!F.LEQUEUX!

! ! !

!
POINT&D’ETAPE&20&FEVRIER&–&1er&JUILLET&2014&

!

1/!PROMOTION!DU!PROGRAMME!

!

• Rencontre!avec!les!directeurs,!directeurs!scientifiques!et!directeurs!

des!études!de!l’ENS,!Mines,!ENSCP,!ESPCI!pour!organiser!la!

promotion!du!programme!auprès!des!étudiants.!

• Ecole!des!Mines!:!présentation!d’ITI!devant!le!conseil!de!

l'enseignement!;!8!représentants!d’élèves!;!relance!

• ENSCP!:!mailing!de!présentation!d’ITI!aux!3A!via!la!direction!des!

études.!

• ENS!:!mailing;!présentation!directe!auprès!des!étudiants!(2!élèves!

présents)!;!diffusion!des!plaquettes!et!du!syllabus!;!relance!!

• ESPCI!:!mailing!aux!3A!+!présentation!d’ITI/rencontre!avec!les!

étudiants!en!présence!des!directrice!de!la!scolarité!et!directrice!des!

relations!entreprises!;!8!élèves!présents!

• Contacts!en!cours!avec!les!Ponts!et!l’ENS!Lyon!(en!attente!de!

réponse)!

• Rencontre!à!l’ANRT!avec!le!délégué!général!et!la!chef!du!service!

CIFRE:!accord&de&communication&sur&le&programme&ITI&via&le&site&

internet&de&l’ANRT!(rubrique!"zoom!sur")!

• Promotion!aux!Rencontres!Universités!Entreprises!(RUE)!

• Echange!avec!Stéphane!Mallat!et!réflexion!sur!la!pertinence!du!

programme!tronc!commun!

• Rencontre!avec!le!responsable!des!relations!internationales!de!la!

National!Taiwan!University!à!l’ESPCI:!présentation!d’ITI!

• Contact!en!cours!pour!visite!d‘entreprise!

• Article&les&Echos&

• Création&du&logo&PSL/ITI&et&du&Diplôme&Supérieur&de&Recherche&et&

d’Innovation&de&PSL/ITI&(DSRI),&dépôt&INPI&en&cours.&

!

!

2/!MISE!EN!ŒUVRE!OPERATIONNELLE!DU!PROGRAMME!


