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Construction of gene regulatory network from Microarray data

• Biological introduction
- DNA, RNA, Protein
- Transcription Factors and Gene Regulatory network
- Measuring RNA concentration: The Microarray technology

• Gene network reconstruction methods from microarray data
- Relevance Network (Correlation)
- Gaussian Graphicals Models (Partial Correlation)
- SIRENE (Supervisedapproach: local models)- SIRENE (Supervisedapproach: local models)
- TNIFSED (Supervised approach: global model)

• Evaluation of predictive peformances
-Area Under the Curve of the Receiver Operating Characteristic (AUC)

• Results and conclusions
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DNA, RNA and Proteins

• The human body is composed of a huge number of cells :  ~ 1014 cells

• Each cell contains 46 Chromosomes constituted of DNA molecules. 

• DNA contains the information necessary to the organism development.



DNA, RNA and Proteins

• gene = sequence of DNA specifying the synthesis of a protein

• Cells can produce proteins in two steps
1: transcription: Production of mRNA

• DNA is composed of coding (gene) and non-coding regions

• The number of human genes is estimated between 20.000 and 25.000 

1: transcription: Production of mRNA
2: Traduction:  Traduction of mRNA in a protein

• Transcription is a highly regulated processus.

• RNAm quantity ~ Gene Expression level ~  Gene activity



Transcription Factors – Gene Regulatory Network

Gene activity regulation: Interaction between transcription factors (specific proteins) and 
their target genes.

Significant clinical applications:

•More than 150 transcription factors are associated with 300 human diseases.

•Disease in human can arise from from mutation of cis-regulatory elements. It can lead 
to more profound effect than mutation in the coding region.



Gene Expression Microarrays

Cellular culture : 10° C Cellular culture : 20° C Cellular culture : 30° C

P  ~ 20.000 genes
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From gene expression data to gene regulation network
P ~ 20.000 : Number of genes

N = 300 
Number of 
conditions

…

Gene Regulatory Network Inference:
1:  Relevance Network and Gaussian Graphical Models (Unsupervised)
2: Bayesian Network (Unsupervised)
3: Ordinary Differentiall equations (Unsupervised)
4 : SIRENE: Supervised inference of relevance network
5 : TNIFSED: Transcriptional network inference from functional similarity
and expression data



Relevance Network : Correlation coefficients
Gene Expression matrix Covariance Matrix Correlation Matrix



Gaussian Graphical Models: Partial Correlation coefficients
Covariance Matrix Concentration MatrixGene Expression matrix

Partial Correlation MatrixCorrelation Matrix



Gaussian Graphical Models: Partial Correlation coefficients

Gene Expression matrix
Multiple linear regression models

Partial Correlation Matrix



Gaussian Graphical Models … when P >> N
1: Inversion of covariance matrix:

• P >> N : Covariance matrix is not
positive-definite and cannot be inverted

• Solution (Schafer, Strimmer)

2: Multiple LinearRegressionmodels:

P ~ 20.000 : Number of genes  

N = 300 
Number of 
conditions

…

2: Multiple LinearRegressionmodels:
•P >> N  : Multiple linear model with more 
variables (P) than observation (N)

• Solutions: Penalized estimation

Introduction of bias and reduction of variability

Ridge:

Lasso:



SIRENE: Local Supervised Model
RN , GGM, Bay. Network: UNSUPERVISED  => poor predictive performance
SIRENE :  SUPERVISED Inference of Regulatory Network
Application of SIRENE on the E.coli bacterium.

1 model for each transcription factor (132 models)
P ~ 3012 genes

N 
445 …

Support Vector Machine 
target gene     /   other genes 

RegulonDB



TNIFSED : Global Supervised Model 

SIRENE : Local Supervised Classifier
• Good predictive performances
• Unable to predict target genes of ‘orphan’ TF

TNIFSED : Global Supervised Classifier integrating :
• Correlation Coefficients (Expression Matrix)
• Partial Correlation Coefficients (Expression Matrix)
• Molecular function Similarity (Gene Ontology)
• Cellular Component Similarity (Gene Ontology)
• Biological Process Similarity (Gene Ontology)



Functional Similarity (cc, mf, bp)

GENE aceA GENE acrR 



TNIFSED : Global Supervised Model
Application of TNIFSED to the bacterium E coli : 

•RegulonDB : 132 Transcription factor
•Expression Matrix : 3012 genes (3011 potential target genes)
•132 * 3011 = 397.452 training examples ( 2407 positives;  395.045 negative )
•5 – fold Cross validation
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Evaluation of predictive performance: AUC of the ROC



Results and conclusions

Situation 1: Organism with no or very litle known interactions => unsupervised method (GGM)

Situation 2: Organism with some known interactions => SIRENE  (unable for ‘orphans’ TF)

Situation 3: Organism with some known interactions => TNIFSED (OK for ‘orphans TF)



Questions ? 
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