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Plan of the lecture

1. Introduction  

2. Co-expression network:    Mutual information  and “Aracne”

3. Information conìtent of binding sequences: KL divergence and “Logos”
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Relative Entropy 
(Kullback-Leibler Divergence)
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Relative Entropy: 
Properties
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Mutual Information

.  
The mutual information between different regions of DNA can be 
used to detect structural or functional properties of the DNA chain.
For instance  distinguish coding from non
coding regions by using MI to detect the period 3 in the coding 
region (see [Grosse et al., 2000])



Mutual Information

.  
The mutual information between different regions of DNA can be 
used to detect structural or functional properties of the DNA chain.



Combining three stochastic 
variables:

Synergy and Redundance
.  



Main Properties

.  



Example

.  



Kolmogorov-Chaitin 
Entropy

.  

The Kolmogorov-Chaitin entropy of a string of characters is 
the length (in bits) of the smallest program which produces 
as output the string.

This idea is at the basis of the file compressors or zippers. 
A zipper takes a file and tries to transform it in the shortest 
possible file. The most popular compression algorithm is the 
Lempel and Ziv algorithm (LZ77) used by gzip, zip.…



Kolmogorov-Chaitin 
Entropy

.  

The LZ77 algorithm finds duplicated strings in the input 
data. More precisely it looks for the longest match with the 
beginning of the lookahead buffer and outputs a pointer to 
that match given by two numbers: a distance, representing 
how far back the match is in the sequence and the
length of the match.



Transcription Factors



Coexpression Networks:  
Aracne 



  Mutual Information as a 
coexpression weight 



Data 
Processing 
Inequality:  
Pruning of 
the network



Weirauch, M. T., & Hughes, T. R. (2011)
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Experiments:
ChIp-chip
ChIP-seq
PBM

Collection of 
binding sites
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(Wunderlich and Mirny , 2009)
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