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meta-regulation network models 

a framework integrating 
transcription factors, 

microRNAs and their 
targets to identify sub-

network motifs in meta-
regulation network models 



A single element does not support the function 
 



A single element does not support the function 
At least, 2 elements are needed… 

 



A single element does not support the function 
At least, 2 elements are needed… 

… to create a function 

The function is supported by the interaction between elements 



Interactions between elements define the biological process 
and some regulations control the stability of this process 
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Meta-Regulation Network 
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Meta-Regulation Network – microRNAs & TFs 

TF regulation 
mechanism 
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Transfac 
oPOSSUM 

… 

miRNA regulation 
mechanism 
 
miRBase 
microRNA.org 
Argonaute 
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Martinez and Walhout (2009) 
Meta-regulation 
network model 

at a transcriptional & 
post-transcriptional level 
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miRNA regulation prediction – miRBase & MicroRNA.org 

Griffiths-Jones et al. (2006) 
John et al. (2004) 

Enright et al. (2003) 
Jones et al. (2004) 

miRNAGene 

miRNAGene regulation prediction 

miRNA definition 
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TF regulation prediction – PAZAR & JASPAR (TFBS) 

Portales-Casamar et al. (2007) 

Sandelin et al. (2004) 

oPOSSUM is a web-based system for 
the detection of over-represented 
transcription factor binding sites 
in the promoters of sets of genes.  

Ho-Sui et al. (2005) 

TFGene TF definition (Position Frequency Matrix) 

TFGene regulation prediction (using JASPAR) 
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Meta-Regulation Network – microRNAs & TFs 

TF regulation 
mechanism 

 

miRNA regulation 
mechanism 

Martinez and Walhout (2009) 
Meta-regulation 
network model 

at a transcriptional & 
post-transcriptional level 

  ??????? 

Wang et al. (2009) 

Qiu et al. (2010) 

Alexiou et al. (2010) 

Bandyopadhyay et al. (2010) 

Published TFmiRNA 
Mainly for Human & Mouse 

TFmiRNA 
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Meta-Regulation Network – microRNAs & TFs 

Martinez and Walhout (2009) 
Meta-regulation 
network model 

at a transcriptional & 
post-transcriptional level 

TFmiRNA 

0 -10.000 Promotor Prediction 

TFBS Quality Score 

Wasserman et al. (2004) 
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Meta-regulation network – MIR@NT@N model & database 

Meta-regulation 
network model 

JASPAR 
PAZAR 

oPOSSUM 

miRBase 
MicroCosm 

microRNA.org 

Ensembl 
UniHI 

Meta-regulation 
network database 

Full model available for 7 species 

Caenorhabditis elegans 
Danio rerio 

Drosophila melanogaster 
Gallus gallus 

Homo sapiens 
Mus musculus 

Rattus norvegicus 
… 
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Meta-regulation network – MIR@NT@N model & database 

Meta-regulation 
network model 

JASPAR 
PAZAR 

oPOSSUM 

miRBase 
MicroCosm 

microRNA.org 

Ensembl 
UniHI 

Meta-regulation 
network database 

focus on major regulators and targets 
and detect sub-networks motifs 

Contextualization 
with TFs/miRNAs/Genes 

up-regulated  
down-regulated 
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Meta-regulation network – MIR@NT@N application 

Transcription Factors regulation 

miRNA regulation 

Meta-regulation Network 

M@IA 

Le Béchec et al. (2008) 

Meta-regulation 
network model 

Meta-regulation 
network application 
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MIR@NT@N – major TF regulators on targeted miRNA 

Transcription Factors regulation 

hsa-mir-200a hsa-mir-429 

hsa-mir-200c 
hsa-mir-141 

hsa-mir-200b 

miRNA 200 family 

Gregory et al. (2008) 

Epithelium Mesenchyme 

Epithelium-Mesenchyme Transition 
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MIR@NT@N – major TF regulators on targeted miRNA 

Transcription Factors regulation 

Epithelium Mesenchyme 

Epithelium-Mesenchyme Transition 

Cano and Nieto (2008) 

Bracken et al. (2008) 
hsa-mir-200a 
hsa-mir-200b 
hsa-mir-429 
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MIR@NT@N – major miRNA regulators on targeted genes 

Regulated genes 
(132 Up or Down) 

Vetter and Le Béchec et al. (2009) 

hsa-mir-200a hsa-mir-429 

hsa-mir-200c 
hsa-mir-141 

hsa-mir-200b 

miRNA 200 family 
Epithelium Mesenchyme 

Epithelium-Mesenchyme Transition 

miRNA regulation 

Gregory et al. (2008) 
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MIR@NT@N – major miRNA regulators on targeted genes 

Epithelium Mesenchyme 

Epithelium-Mesenchyme Transition 

miRNA regulation 

Cochrane et al. (2009) 

Wellner et al. (2009) 

Zhao and Rivkees (2004) 



20 

TGGCAACTGCTGCATGACTGCTAGCTGATCGAGTACAAACTGCTGCATGACTGCTAGCA101111010001110001010001100110010111011101001110100011100010100011001100101110110110011 

ACCGTTGACGACGTACTGACGATCGACTAGCTCATGTTTGACGACGTACTGACGATCGT010000101110001110101110011001101000100010110001011100011101011100110011010001001001100 

Meta-regulation Network 

MIR@NT@N – networks generation 

hsa-mir-200a hsa-mir-429 

hsa-mir-200c 
hsa-mir-141 

hsa-mir-200b 

ZEB2 NFYA GABPA ONECUT1 

Epithelium Mesenchyme 

Epithelium-Mesenchyme Transition 
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Meta-regulation Network 

MIR@NT@N – networks generation 

Epithelium Mesenchyme 

Epithelium-Mesenchyme Transition 
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Meta-regulation Network 

MIR@NT@N – networks generation & analysis 

Network motifs detection 

Feed Back Loop 

Shalgi et al. (2007) 

Baitaluk (2009) 

Hornstein and Shomron (2006) 

Tsang et al. (2007) 

(direct or indirect) Feed Forward Loop 
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Meta-regulation Network 

MIR@NT@N – networks generation & analysis 

Network motifs detection Shalgi et al. (2007) 

Burk et al. (2008) 

Wellner et al. (2009) Liu et al. (2010) 

Feed Back Loop (direct or indirect) Feed Forward Loop 
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MIR@NT@N – Literature validation 

Wang et al. (2009) 
Qiu et al. (2010) 

Emmrich and Putzer (2010) 
Sylvestre et al. (2007) 

Bendoraite et al. (2010) 
Bracken et al. (2008) 

Feed Back Loop Feed Forward Loop 

Chang et al. (2008) 
Wang et al. (2008) 

Mott et al. (2010) 
Wang et al. (2008) 

43% TFmiRNA found by MIR@NT@N 

Published TFmiRNA regulations 
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MIR@NT@N – Future plans 

Integrate expression data to improve regulation predictions 
and increase the quality of generated networks 

 

Take into account Context/Time dimension 
to develop a dynamic network approach 
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Meta-regulation Network 

MIR@NT@N – Conclusion 

MIR@NT@N 

miRNA and Transcription Factor Analysis Network 

Regulation of miRNA by TF 

Network motifs detection 

Le Béchec et al. (in revision) 

http://mironton.uni.lu 
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Questions ? 


