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Principle of CRM prediction 

  Detection of regions containing a higher density of predicted TFBS than expected by chance. 
  Various programs have been implemented to predict CRMs. 
  The RSAT program matrix-scan supports CRM prediction, by detecting regions enriched in cis-

regulatory elements. 
  Main features 

  Detection of homotypic (single motif) or heterotypic (distinct motifs) models.  
  All possible windows are tested within a user-specified width range  

(e.g. From 30 to 300). 
  The user has to specify a threshold on the P-value used for individual site predictions.  
  The program predicts all sites passing this threshold for each the input matrices, and detects regions (windows) 

having significantly more hits than expected by chance.  
  The enrichment is estimated by using the binomial statistics. 
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Cis-regulatory element enriched regions (CRERs)  
as putative cis-regulatory modules (CRMs) 

  Example of CRER detection.  
  Detection  of methionine-

responding genes in the yeast 
Saccharomyces cerevisiae. 

  A: matrices 
  MET4: motif bound by the 

complex Met4p/Cbf1P/Met28p. 
  MET31: motif bound by either 

Met31p or Met32p (two 
homologous transcription 
factors). 

  B:  predicted sites and CRERs 
in upstream non-coding 
sequences of MET genes. 

  C: predicted sites and CRERs in 
random selections of yeast 
genes.  

  D: examples of sites reported by 
matrix-scan. 
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Using matrix-scan to detect Transcription Factor Binding Sites (TFBS) and Cis-
regulatory Element Enriched Regions (CRERs) 

  Example of CRER detection: 
upstream region of the Drosophila 
gene hairy 

  A 
  Annotations in the ORegAnno 

database (displayed with the UCSC 
genome browser) 

  B 
  Cis-regulatory moduels annotated in 

FlyReg (top) 
  individual sites annotated in 

ORegAnno (bottom). 

  C 
  Scanning with 5 PSSM to detect 

individual binding sites + CRERs 
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Multi-genome CRER detection 
  Morgane Thomas-Chollier (PhD thesis VUB/ULB, May 2008) 
  Detection of CRERs with two matrices (HoxB1/Pbx and Prep/Meis) in the introns of the gene 

HoxA2.  
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