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Our Main Goal:
• Can we predict the effect that mutating

any non-coding sequence has on the mRNA
expression levels in a gene-specific as well
as a condition-specific manner?

• Ingredients of our modeling:
– Sequence specificity of DNA/RNA binding TFs
– Gene-specific promoter region & 3’-UTR
– Condition specific “hidden” TF activities
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“Transfactome”: condition-
specific activities of all TFs
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“Transfactome”: condition-
specific activities of all TFs
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Linear Response Theory
for Cells: “Omes Law”

Genome (N)

Transcriptome (A)

Transfactome (F)

ΔA = ΔF · N

“Omes Law”



“Electromics”
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“Hydromics”



“H2Omics”



“Eaumics”
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N = occupancy of specific site on DNA/RNA
K = dissociation constant
[TF] = trans-factor concentration

Biophysical motivation
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“MA-Networker”: Integrating
mRNA expression and ChIP data

 ChIP data for >100 TFs (Lee et al., Science (2002))
 mRNA expression data for ~800 conditions

 TF activity profiles from regression (mRNA~ChIP)
 Response of individual genes to TF activity profile

 Increase specificity of TF target prediction
 Overcome context dependence of TF deletion

experiments related to combinatorial control

F Gao, BC Foat, and HJ Bussemaker, BMC Bioinformatics (2004)



MA-Networker results

 Only 37 out of 113 transcription
factors are statistically significant
predictor of gene expression in one or
more conditions

 On average only 58% of significantly
bound genes are functional targets

F Gao, BC Foat, and HJ Bussemaker, BMC Bioinformatics (2004)



Divergently transcribed gene pairs

F Gao, BC Foat, and HJ Bussemaker, BMC Bioinformatics (2004)



Can it be done more simply?
Why not define functional, direct targets of TF
as those genes that satisfy these conditions:
 Promoter bound by TF according to

ChIP-chip experiment
 Change in mRNA expression in

TF deletion vs. wild-type experiment

Turns out the answer is “no”:
 many target genes are missed this way!
 deletion experiment also condition-specific



Conclusions (methodology)
 Using a single mRNA expression profile as

input, MatrixREDUCE is able to infer:
 Weight matrices (PSAMs) that model

the sequence-specific binding constant
K of trans-factors, without using a
background model

 Change in post-translational TF
activity between any pair of conditions
for which mRNA expression  data is
available (>1000 conditions)



Conclusions (methodology)

 Using Responder Analysis we can
distinguish between functional and
non-functional binding sites:

 No comparative genomics needed,
but does not provide any mechanistic
explanation for context dependence

 Requires a large set of hybridizations



Conclusions (biology)

 Dynamic regulation of mRNA
stability can be inferred from
steady-state expression data:

 Several novel, well-characterized
cis-elements discovered in 3’ UTR’s

 Screened a large set of conditions
 Successful experimental validation!
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