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How to understand a complex system?

Functional Genomics:
“What I cannot break, I do not understand.”

Richard Feynman:
“What I cannot create, I do not understand.”



Breaking the system
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Phenotype: viability
 
versus cell death

WT

B-

A-
Interpretation:
• non-essential gene
• redundancy

Interpretation:
an essential

 
gene 

for the organism



Phenotype: pathway activity
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Phenotype: organism
 
morphology

Boutros and Ahringer, Nat Rev 2008



Phenotype: cell
 
morphology

Boutros and Ahringer, Nat Rev 2008



Phenotype: global gene expression
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Network reconstruction from phenotypes
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Nested Effects Models
Markowetz et al 2005, 2007
Tresch and Markowetz 2008



Nested Effects Models
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Posterior:
 

P ( M | D ) = 1/Z .
 
P( D | M )
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Marginal likelihood

Markowetz et al 2005, 2007
Tresch and Markowetz 2008



Marginal likelihood

Product over 
replicate 
observation

Average over 
possible positions 
in the pathway

Product over 
all effect 
reporters

Uniform
prior over
positions

Distribution of 
single effect 
reporter with 
known position

Markowetz et al, 2005



NEM model space

http://www.research.att.com/~njas/sequences/
Online encyclopedia of integer sequences
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Anatomy of the NFB
 
pathway
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Natural experiments
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The METABRIC
 
project

With data from >1000 tumours
1.

 
describe the genomic landscape

 
of breast cancer

–
 

chromosomal alterations, allelic ratios, breakpoints, 
genomic instability, mutations in oncogenes, gene 
expression, …

2.
 
correlate molecular

 
profiles with clinical

 
outcome

–
 

to find predictive markers for eg. survival
–

 
to define molecular subsets

 
of tumours

 
with unique 

clinical phenotypes



Impact of CNA on expression
Global: Which transcriptional changes are copy-number 

dependent?
Local: for each copy-number dependent gene, which 

particular genomic loci have most influence on its 
expression?
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Differential regulation
Yinyin YuanSubtype A, eg ER+ breast cancer

Subtype B, eg ER- breast cancer



Differential regulation
Yinyin Yuan
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Reference network (ER+/-)
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Summary

1.
 

Gene perturbation screens
–

 
Nested Effects Models reconstruct pathways from nested 
structure

 
of downstream effects

–
 

Application in NFkB

2.
 

Breast cancer genomics
–

 
Metabric: the genomic landscape of breast cancer

–
 

Copy-number alterations => Gene expression
–

 
Regression models to identify differential regulation

 
in 

cancer sub-types



Future plans

•
 
Nested Effects Models
–

 
dynamic models: infer pathway from 
phenotypes observed over time

–
 
re-wiring

 
of network over time

•
 
Breast cancer genomics
–

 
Stratification into disease sub-populations

–
 
Predict clinical outcome

 
by CNV and Expression 

and others Yinyin Yuan

Xin Wang



PLoS Comp Bio, 2010 Feb 26;6(2):e1000655
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