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Foreword

This is a research project combining :

Bioinformatics, Machine learning and Statistics

The main goal of this presentation is to introduce in general :

1 a machine learning approach for bioinformatics

That is Bayesian networks (BN) for gene regulatory
network (GRN) reconstruction
in order to infer the differentiation of the cytokine
implication in different experimental conditions

2 an evolutionary algorithm (EA) for BN structure learning

Estimation of Distribution Algorithm (EDA)
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Context
What do the biologists need?

Biology

Found IL-15 in recent years [Arena et al. 2000]

This cytokine plays a critical role in the immune system

It has the similar action to the others cytokines in this
system

Question:

→ How is the implication of IL-15 in the different
experiments?
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Context
What can the bioinformaticians respond?

Bioinformatics & Machine Learning

Microarray allows to measure simultaneously the
expression level of thousands of genes

Gene regulatory networks (GRNs) allow to achieve the
regulation of gene expression

There are various machine learning methods proposed
to reconstruct the GRNs

Bayesian networks (BNs) can solve major problems of
this reconstruction

Question:

→ How can we use the BNs to infer the implication of
IL-15 in the different experiments?
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Problems & Solutions
”If there aren’t any problems, we have only the solution”

Problem: Data

Heterogeneous and noisy

A massive number of variables (over 25.000 genes)

But a small number of samples (dozen experiments)

Solution: Data

Public database : to increase the number of samples

Normalization : to normalize heterogeneous data

Bayesian networks : to deal with noisy data, the
massive number of variables
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Machine learning aproaches
for the reconstruction of the GRNs

Overview:

1 Clustering [MacQueen, 1967]

2 Boolean Networks [Kauffman, 1969]

3 Bayesian Networks

Using BNs to Analyze Expression Data
[Freidman et al., 2000]

Inferring Subnetworks from Expression Profiles
[Pe’er et al., 2001]

Our approach : Using a set of BNs to infer the
differential study of the cytokine in different
experimental conditions
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Bayesian networks
Using BNs to Analyze Expression Data [Freidman et al., 2000]

Architecture of system proposed by Freidman et al., 2000

Open problems:

Continuous data, discretization method, temporal expression
data, causal patterns, biological knowledge
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Bayesian networks
Inferring Subnetworks from Expression Profiles [Pe’er et al., 2001]

Architecture of system proposed by Pe’er et al., 2001

Open problems:

Latent factors that interact with several observed genes,
biological knowledge
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Bayesian networks
Our approach

Our architecture of system (overview) :

Open problems:

More detail in ”Future Works” section
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Bayesian networks
Our approach

Our architecture of system (detail)
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BN structure learning
Different approaches

Different approaches to learn the structure of BNs

From an expert

Constraint-based: find in the data for conditional
independence relations, then construct graphical
structures for these relations

Search-Scoring : search in the space of legal structures
for the BNs that maximize the score

Evolutionary Algorithm:
→ Genetic Algorithm (GA)
→ Estimation of Distribution Algorithm (EDA)
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Evolutionary Algorithm
and its representative EDA (Estimation of Distribution Algorithm)

EA : What and why?

”EA is a subset of evolutionary computation, a
population-based heuristic optimization algorithm”

EA allow to maintain a set of interesting solutions

EDA : What and why?

”EDA is an outgrowth of genetic algorithm. In EDA a
population may be approximated with a probability
distribution and new candidate solutions can be
obtained by sampling this distribution”

EDA allows to maintain a set of interesting solutions
with the good probabilistic distributions
→ This could be useful for a statistic test after
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EDA
How does it work ?

EDA & GA : Case study for BN structure learning
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EDA
Different names and approaches

Other Names of EDA :

EDA is categorised into three groups :
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Conclusions and Future Works
Conclusions

Conclusions :

The goal of this work is differential analysis :

1 BNs reconstruct GRNs
2 EAs maintain a set of good BNs
3 Comparison the obtained BNs in different experiments

Future Works :

Theory : Which type of EDA can be used? May the
statistic test be a good approach?

Implementation : A module of BN structure learning by
EA with ProBT(C) and EO library (Evolving Objects)

Experimentation : Test this module with GEO (Gene
Expression Omnibus) data
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Appendix
Representation for a BN in the evolutionary methods

Ideas:

Each possible candidate of BNs is represented by an nxn
connectivity string Cij

For each chromosome, we represent an individual of the
population by the string :

c11c21...cn1 c12c22...cn2 ... c1nc2n...cnn

Example
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Appendix
Example of a simple EDA for the BN structure learning

Example
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