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Topics for today

The transcriptional machinery and its regulation
The role of transcriptional regulation in development

Representations of transcriptional regulation
components from a computational point of view

Popular tools and methods available
Examples

Definition

» Gene regulation: a complex mechanism that allows the
cell to vary the amount of mMRNA produced for a gene

» Consequences:
— mediating the transition from genotype to phenotype
— ensuring adaptation to environmental changes
— making differentiation possible
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The transcriptional mechanism

A gene is a coding unit

RNA o W0 W N Sequence of nuciectides

{

Protein X % 3 Sequenceofa

One strand of DNA is transcribed into RNA
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Stages and compartmentalization




Key players: transcription factors
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Transcription factor binding sites and modules
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Enhancers and Insulators
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The complexity of gene regulation
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From Yuh etal.,
Science, 1998, 279(5358)
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The importance of gene regulation

Temporal and spatial gene expression patterns control:
- developmental processes

- morphogenesis

- cell differentiation
- tissue specificity

- stress responses

From Yuhetal.,
Science, 1998, 279(5358)




The combinatorial control of eukaryotic transcription
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From Fickett and Wasserman, Curr.Opin.Biotechnol., 2000, 11(1) 13

The sea urchin model for a genomic regulatory network
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Davidson EH, Science 2002, 295:1669

The regulatory network for endomesoderm specification
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Davidson EH, Science 2002, 295:1669

Perturbations used in network analysis
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How can we get there for other organisms?
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(From Qiu, Biochem. Biophys. Res. Commun, 2003, 495-501) 17

Functional genomics insights

» Assumption: co-regulation =
same cluster + common regulatory motifs

« Cluster analysis of combined yeast data
sets:

« Can expression clusters be predicted?

» Can clusters be used to predict structurally
related genes?

From Eisen et al., PNAS, 1998, 95(25)




The simple scenario

 Perform genome-wide screening for identifying
regulatory elements

« Group the genes in classes sharing common motifs

< Group the genes in clusters based on the
expression profile

* Look for the intersection of the two sets

Finding putative regulatory elements (e.g. TFBSs)

e TFBS = a short : B T T
sequence of DNA
(6-20bp)

+ Conserved across
the target genes

e Usually identified
experimentally by
molecular biology
techniques

 Use this information
to abstract a pattern

Deterministic TFBS representations

— Exact string matching (e.g. “CAGTTCA”,
“CATATGA”",
“CAACTCA”,
“CACGTGA”)

— Regular expressions (e.9. “CA-X,-T-(CIG)-A”)

Probabilistic TFBS representations
— Position weight matrices (PMWs)

— oligonucleotide frequency analysis:
« word counting algorithm
. overrepresentation

— dyad analysis:
« many regulatory sites: XXX-(Y),-XXX
« count number of occurrences

- HMMs

Position weight matrices
By far the most popular approach

a) Alignment Matrix b) Weight Matrix

“0n=

N - total number of sequences

n;; — number of times nucleotide i was observed in position j
p;— apriori probability of letter i

f;j— frequency of letter i at position j

PWMs — major disadvantages

» Assumes that the positions are independent
» Overemphasize a core matrix (3-4 bp in length)

« Search methods based on them are prone to a very
high number of false positives




Popular tools available
|. Databases: TRANSFAC

¢ Large and frequently updated database containing

information on TF and their binding sites in targe
genes

« Manually currated
¢ Based on experimental data
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TRANSFAC data files
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Databases (contd): JASPAR

http://jaspar.cgb.ki.se/
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http://www.gene-regulation.com/pub/programs.html

Search engines (contd.): Matlnspector

Matlnspector output for sequence AF029081
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http://www.gene-regulation.com/pub/programs.html

Search engines (contd.): TESS

TESS output for nucleotides 6000-8000 of sequence AF029081

Factor Model Beg Sns Len
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http://www.cbil.upenn.edu/tess/
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Search engines (contd.)

MDscan
A Fast and Accarate Motif Finding Algorithm With Applications To Chromatin
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The next step: finding regulatory modules
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Motifs

Module representation:

I11. Searching for cis-regulatory modules

http://trantor.bioc.columbia.edu/T arget_Eprorer/

Searching for
modules (contd):
Toucan

http://www.esat.kuIeuven.ac.i)e/~saens/soﬁware/toucan.php

Searching for modules (contd.): FlyEnhancer

Fly Enhancer
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Searching for modules: Ahab
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An example

Finding cis-regulatory modules involved in body
patterning in early Drosophila development
Tool: Ahab

Prior knowledge: TFs represented in the modules
known, more than 20 modules determined
experimentally

Reference: Rajewsky et al., BMC Bioinformatics,
3:30

.

Segmentation in Drosophila
[ e

1 pesterier

<Hifii

38

37
Segmentation genes in Drosophila
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Gap genes network

Ahab prediction for the hairy locus
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(From Rajewsky et al., BCM Bioinformatics, 2002, 3(1):30)
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Ahab prediction (contd.)

even-skipped siripe3+7 module.
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(From Rajewsky et al., BCM Bioinformatics, 2002, 3(1):30)
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A second example

« Correlating overexpression of particular TFs with
gene co-regulation

¢ Looking for synergistic TFs

« Also looking for overrepresentation of a given TF
among the genes expressed at a given phase of the
cell cycle.

« Reference: Elkon et al., Genome Research, 2003,
13:773-780

TFBS representation in the cell cycle phase clusters
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(From Elkon et al., Genome Research, 2003, 13:773-780)
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Distribution of the locations of the putative TFBSs
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(From Elkon et al., Genome Research, 2003, 13:773-780)

Conclusions

* Transcriptional regulation is critical for normal
development and differentiation

» Known regulatory elements can be represented by
powerful models

» The models can be used for scanning for putative
regulatory elements and modules

» The combination of computational prediction and
experimental validation can provide very valuable
insights into the mechanisms of development and
pathogenesis.




