Outline to TF binding sites
bioinformatics lecture

e Introduction
* TFBS predictors

« TFBS databases




Transcription factors

Sequence-specific DNA binding factors

Anticipated number 1n human 2 — 3 000,
predicted 1962

DNA binding domains

Co-factors and chromatin help regulate
transcription




TF binding sites

Response elements

5-20bp

Palindromic and gapped motifs
Not exact

Consensus sequences
Position Weight Matrixes

DNA accessibility
Co-factors




Combinatorics

* MyoD predicted 1/500 bp
— ~100 000 sites predicted
— ~1 000 sites believed functional

« TATA-like sequence elements every 250 bp

 Futility theorem — essentially all predicted
TF binding sites (1000 fold excess) will
have no functional role




Example TBP (TATA binding
protein)

Consensus TATAAAA

But TBP also binds TATATAT and TATATAA




Position Weight Matrixes

Represent information content
Assuming positions are independent

Use validated TFBS
Position frequency matrix

Divide nucleotide probabilities with expected background
probabilities and convert to log scale -> Position Weight
Matrix

Position-Specific Scoring Matrix, PSSM, "possum’

Sequence logos gives information content in a intuitive
way
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Answers — or at least help

* Promoter prediction
— CpG 1slands

* Comparative genomics
* Cluster detection




Phylogenetic foot-printing

Compare genomes of species of suitable distance
to find regions under evolutionary constraint

First step — ortholog prediction
Choose species at a medium evolutionary distance

Multiple species comparison increase the
specificity of the results

Human — mouse — rat alignments increase the
specificity of TFBS predictions 44-fold




Cluster predictions

TFs often work co-operatively
Binding 1n close physical proximity
Predict co-occurring motifs
cis-Regulatory Modules — CRMs

Machine learning or statistical likelthood
— Specificity increased to ~50%

Predictions of 118 000 modules




Bioinformatic resources

 Pattern matching

 Pattern discovery

e Cluster detection




Pattern Matching

Matlnspector
ConSite
SiteSeer
Etc...




Example: Consite

ZA CONSITE - Microsoft Internet Explorer .
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Analyze orthofogous pairs of genomic GO
sequences g

Analyze an existing afignment of GO
genomic sequences g

Fetch genomic sequences of

human:mouse orthologs by ID or Go ’
keyword - TEMPORARILY DISABIFD

Analyze singlfe sequence Go ’

=l

@& [ | | |4# nternet
R Start |J Ce I W= G |J @Mess...II@CON... Elsnp_...| Eltfbs_... = e T ERE D%  10:47 AM




Analyze orthologous pair

Zh CONSITE - Microsoft Internet Explorer

File Edit WYiew Favorites Tools Help
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INOTE: Due to current hardware limitations, the lengths of sequences are limited to 10000
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Results
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Pattern Discovery

Consensus, PhyloCon
FootPrinter

G1bbs Motif Sampler
MotifSampler

Etc...




Example: Gibbs Motif Sampler

* Mathematical algorithm to approximate the
joint qualities of two samples (sequences)

* Four versions, from finding one motif to a
defined set of motifs to any number of
motifs

» Uses phylogenetic data — PhyloGibbs




Cluster predictions

Cluster buster
MSCAN

MEME, OrthoMEME
OTFBS Tool
ModuleMiner

Etc...




Example: ModuleMiner

ZA ModuleMiner - Computational Detection of cis-regulatory modules - Microsoft Internet lorel — =] x|
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Supplementary data: WModuleMiner results
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Future

* More experimental analysis
— DNA Accessibility
— More and better motifs
— Protein binding microarray

* Combine all the different approaches
— Conservation
— Clustering




Recent advances

« MORPH - Using alignment and TFBS prediction
simultaneously to increase alignment quality and binding

site prediction (Sinha S, He X (2007) MORPH: Probabilistic alignment
combined with hidden Markov models of cis-regulatory modules. PLOS Comput

Biol 3(11))
Predicting the transcriptional output mediated by a CRM
and vice versa - predicting a CRM as the driver for the

expression in a specific tissue or situation (Bauer DC, Bailey TL

(2008) Studying the functional conservation of cis-regulatory modules and their
transcriptional output. BMC Bioinformatics 9(1):220)




TFBS Databases

Eucaryotic Promoter Db (EPD)
00TFD
PReMod

JASPAR
TRANSFAC




Example: JASPAR

2 The JASPAR database - Microsoft Internet Explorer : -|= x|

File Edit View Favorites Tools Help ﬁ
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The high-quality transcription factor binding profile database

’ Browse the JASPAR_CORE database right away! |
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|

&) pone [ [ | |@ memet
EQStart”J G - M) I £ve...| £18io...| Blsn... | Dtb... [[€1Th... LCRaaRCERRI%G  s07PM




Example: JASPAR

AMA0001 detailed information - Microsoft Internet Explorer : -|= x|

Summary page for ID: MAOO01 NAME: AGL3 from the JASPAR_CORE database EI
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TATA




ENCODE

Encyclopedia of DNA Elements

High throughput methods to identify and catalogue the functional
elements

1% of human genome (30Mb)
44 regions

Findings:
— Most of the genome 1s transcribed
— Regulatory sequences symmetrically distributed

— 5% of the human genome under evolutionary constraints, of which
60% (as yet found) has evidence of function

ENDODEdb




