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Gene regulatory networksGene regulatory networks
((GRNsGRNs))
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GRNs GRNs ((cntdcntd))
 GRNs typically model interactions between genes at the

transcriptional level

Human gDNA, ~3x109 bp
Contains ~ 22,000 genes

transcription translation
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GRNs GRNs ((cntdcntd))
 GRNs typically model interactions between genes at the

transcriptional level

 Philosophy change: from reductionism to globalism

 Missing
 Post-translational modifications
 Protein-protein interactions
 Cellular (trans)location
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GRNsGRNs: the data: the data

Gene expression ChIP-chip Proteomics

Microarrays
• SAGE
• Real-time RT-PCR

Tiling arrays
• Promoter arrays

• 2D gels
• 2D DIGE
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SAGESAGE
Serial Analysis of Gene Expression

Velculescu et al., Science (1995)
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+stimulus

Cross-linking

ChromatinChromatin immunoprecipitation immunoprecipitation
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ChromatinChromatin immunoprecipitation immunoprecipitation

sonication
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ChromatinChromatin immunoprecipitation immunoprecipitation

Y

Y
+ Ab
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ChromatinChromatin immunoprecipitation immunoprecipitation

Y

Y
Proteinase K
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ChIP ChIP target verificationtarget verification

LM-PCR (global) real-time PCR
(gene-specific)
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ChIP-chip ChIP-chip ((cntdcntd))
ChIP-chip

Tiling arrays
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Network componentsNetwork components
Multi-component

loops
Regulator

chains
Autoregulatory
loops

Feed-forward
interactions

Single layer Multiple layer
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Methods for modeling Methods for modeling GRNsGRNs
Ways to model GRNs:
 Boolean networks
 Weight matrices
 Graphical models
 Differential equations

 Curse of dimensionality
 Number of parameters increase exponentially to the number of

nodes (yeast: ~140 TFs; human: ~2,000 TFs)
 Solution: constrain the model
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Boolean networksBoolean networks
 Genes are represented as

nodes in a directed graph.
 Connection between

genes (nodes) A and B
exist iff there is a causal
relationship between
them.

 Genes (nodes) can be
either ON or OFF.

 Time is considered to be
discrete.
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Boolean networks: REVEALBoolean networks: REVEAL

 They use mutual information to infer the wiring of the
network (associations between genes)

 “X exactly determines A” when:

 In each step, i, they calculate the k=i links

REVerse Engineering ALgorithm:
Liang, Fuhrman & Somogyi, PSB (1998) 3: 18-29

! 

H(X) = " p(x) # log(p(x))
x

$

! 

H(X,Y ) = " p(x,y) # log(p(x,y))
x,y

$

! 

M(X,Y ) = H(X) + H(Y ) "H(X,Y )

! 

M(A
t
,X

t"1
) = H(A

t
)
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REVEAL (REVEAL (cntdcntd))
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REVEAL: performanceREVEAL: performance
 In principle, it requires computation of the probabilities of

the 2N state transition pairs for each of the (k of N)
possible wirings.

Solution: do a sampling in the input
patterns

Should use the same sample to
calculate all quantities

How many sampled input patterns?
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For some readingFor some reading
• Baohong Zhang et al., “Computational idnetification of microRNAs and their

targets” (2006) Computational Biology and Chemistry 30: 395-407
and references therein…

• rna22: Miranda et al., “A pattern-based method for the identification of
microRNA binding sites and their corresponding heteroduplexes” (2006) Cell
126: 1203-1217
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