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Background
• Microarrays allow global view of biological 

processes in almost entire genomes 
• this provide important insights into our 

understanding of biological processes
• Because of the large amounts of 

information generated in each 
experiment, dealing with such data is 
challenging on both the biological and 
computational side
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Computational side

• Ongoing research on supervised and 
unsupervised data mining techniques 
applied to genomics

• Comparisons of different algorithms, 
not only in terms of efficiency, but 
also in terms of results is needed
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Biological side
• Use of computational methods to extract 

and then define meaningful sets of genes
• Signatures: genes sets whose pattern of 

expression is concurrently shared by 
classes of samples. Used, for example, to
identify subtypes of disease, to predict 
survival and disease free status.
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Commonalities

• Both approaches share the generation and 
definition of new gene sets: genomic 
knowledge base. 

• When exploring new biological hypotheses 
or devising new approaches for data 
mining, it is useful to interrogate this 
broad population of gene sets.
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FIT
(In collaboration with UCSD and PoliTo )

• Definition of a Reference population of genes 
set, whose characterization is known

• Definition of a Test population of genes set, 
whose characterization is unknown

• FIT calculates a measure of similarity between 
all Test sets against all Reference sets.

• All sets are represented as distributions of 
genes among the Reference sets (categories of 
the distribution) 
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Significance of Enrichment
Evaluated with the hypergeometric

distribution:

N #genes in Background Test population
k (i) #genes in Test falling in the Reference category
M size of Reference set
n size of the Test set
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Specificity of the Enrichment

• Measure of correlation between the 
enrichment of a Test set and the 
enrichment of a Reference set

)5.0)Ref,Test(5.0(1, +•−= jiji corrSpec



EPFL Workshop 11-12 March 2005, 
Lausanne, CH

Lymphoma data set
• Example of comparison between 

populations of gene sets obtained 
with different data mining 
techniques

• Reference population: signatures 
found by Alizadeh et al. [1] (6 sets)

• Test population: biclusters found by 
Cheng et al. [2] (100 sets)
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Results Lymphoma data set
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Microarrays Experiments, 
Pathways, Networks

Possibilities to integrate dynamics in  
genes expression data
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Assumption

To possibly prevent, interrupt or 
reverse a disease process, the 

understanding of the dynamics in 
the activation pathways and in the 

biochemistry underlying the 
relationships in the network of 

genes and genes products is 
critically needed
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Actors
• Microarrays: can give a meaningful photo of the 

(stable) state of a disease. Microarray data 
repositories (ArrayExpress, SMD) contain  numerous 
characterized, well described photos (signatures).

• Pathways: some of the interactions among genes and 
gene products are well known and collected in public 
data bases (KEGG, MAPPFinder), many pathways are 
incomplete or undefined.

• Networks: allow to consider the interaction among 
numerous “active units”. Hopfield  neural networks 
can be used to memorize stable patterns
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Exploring a possibility

• Representing genes interactions with a neural 
network, where neurons -> genes and synapses -> 
activation pathways.

• Considering microarrays signatures as stable 
patterns in the gene network.

• Training Hopfield networks to memorize such 
stable patterns.

• Stable patterns are ATTRACTORS (minimums of 
energy) for any unstable input pattern to the 
network
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Recognition of stable states

Imperfect, corrupted or unstable pattern Stable pattern
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Key concept
• signatures sharing subsets of genes will be 

represented by a single stable state unless we 
shape the synapses with specific direction and 
weigth

• this gives a sequentiality in the activation of the 
genes of the signature

• signatures sharing subsets of genes represent an 
opportunity to describe causal effects

• This ‘intuition’ can be studied:
– observing the evolution of the state of the network 

towards different attractors 
– using previous biological knowledge
– using known pathways information stored in pathway 

repositories 
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