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Introduction (Eija)
Retrieval of promoter sequences (Martti)

E)ete)ction of binding sites for known transcription factors
Eija

— binding site presentation

— transcription factor databases

— programs for matrix scans

Phylogenetic footprinting and clusters (Eija)

Pattern discovery from promoters of co-expressed genes
(Martti and Jarno)




Aims of the course

introduce resources available for in silico analysis of
transcriptional regulation

ensure realistic expectations
facilitate participation in the advanced course

collect opinions on the different software and
databases

Terms

Promoter

— sufficient for transcription initiation, includes
transcription start site (TSS)

Proximal regulatory region
— adjacent to promoter

Distal regulatory region
— further 5’ or 3’ from TSS

Module = composite regulatory element, set of
transcription factor binding sites (TFBS) that function
together

Framework = conserved set of transcription elements,
in a same order and distance range




In reality In silico

regulatory elements can be far « large search space ®

binding sites have variability ¢ lot of random hits ®

chromatin structure is important e chromatin structure is ignored ®

TFs work together * module search improves
specificity ©

2. Retrieval of promoter
sequences (Martti)




3. Detection of binding sites for
known transcription factors

Presentation of TF binding sites
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e Cconsensus sequence
— shows tolerance at each position

* matrix (profile)
— shows preference at each position

* sequence logo
— shows information content at each position




From frequency to weight matrix
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* assumes that positions are

independent

* some programs weight posi-
tions based on info content

Matrix performance

» because TFBSs are short and degenerate, predicted

sites occur frequently at random (eg. MyoD sites 1 per
600 bp)

» sensitivity is good (real sites are not missed) but
specificity is awful (a lot of false positives)

* nearly 100% of predicted sites have no function in vivo
because binding is regulated by chromatin structure
and cooperativity

» best for one factor and a short piece of DNA.




Transcription factor databases

The "Transfac family”

consists of several databases and programs

TRANSFAC
— transcription factors, known binding sites in promoters, matrices

— public v. 6.0 contains 336 matrices, professionalv. 7.4.1 contains
695 matrices

TRANSCOMPEL

— composite regulatory elements (pairs of closely situated sites and
transcription factors binding to them)

TRANSPATH
— pathways involved in regulation of transcription factors

Programs Match (for matrices), Patch (for sites) and Catch (for
Transcompel searches)

the latest public version is free for academics, registration required:
http://www.gene-regulation.com/pub/databases.htmi

commercial site: www.biobase.de




Transfac tables

GENE (G---)
-location of binding sites

/ -factors binding to them

SITE (R---) FACTOR (T---)

-binding site sequence -description of factor protein
-binding factor — 1 | -cell distribution
-cellular source | -functional properties
- -interacting factors
CELL (0-) —blndllng sites
-matrices
-cellular source
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v =

CLASS (C---) MATRIX (M---)
-characteristics | [-matrix
-class members | [-binding factors
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TEANSCompel, Release 6.0 - public - 2002-21-01
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The "Genomatix family”

* matrix database (535 matrices), promoter sequence database, and an
extensive package of promoter analysis programs

e programs:
— Matlnspector: matrix search
— Modellnspector: model search
— fastM: model creation
— FrameWorker: find a common framework
— Gene2Promoter: promoter sequence retrieval
— ElDorado: functional genomic elements, comparative genomics
— SequenceShaper: TFBS design
— BiblioSphere: literature mining combined with TFBS analysis

« limited free access for academics, requires registration:
http://www.genomatix.de/
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JASPAR

* open-access matrix database (111 matrices) and search

tools

e programs:
— matrix search with a sequence
— compare own matrix to database matrices

» http:/jaspar.cgb.ki.se/cgi-bin/jaspar_db.pl
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Transcription Regulatory Regions
Database (TRRD)

» database containing information about regulatory
regions using hierarchical approach

— regulatory region
— regulatory unit
— transcription factor binding site

» experimental evidence, effects on transcription

* limited demo version available at
http:/Mmwwmgs.bionet.nsc.ru/mgs/gnw/trrd/
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Other TF databases...

Arabidopsis
— http://arabidopsis.med.ohio-state.edu/AtTFDB/index.jsp

Plants
— http://lwww.dna.affrc.go.jp/htdocs/PLACE/

S. cerevisiae
— http://cgsigma.cshl.org/jian/

E. coli
— http://bayesweb.wadsworth.org/binding_sites/index.html

Programs for matrix scans
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Match

« uses Transfac matrices

* thresholds
— minimize false negatives (minFN)
— minimize false positives (minFP)
— minimize the sum of both error rates
— matrix similarity (takes information content into account)
— core similarity (5 most conserved consecutive positions)

+ profiles (matrix subset with defined cut-offs) for muscle,
iver and immune cells, and cell cycle. Also "Best selection”.

. possibilig/ to create own matrices and profiles with
thresholds

« the version using Transfac 6.0 public matrices is free for
academics, requires registration:

http://www.gene-regulation.com/pub/programs.html#match

Match thresholds

* minimize false negatives (minFN)

— FN10 =recognizes at least 90% of oligonucleotides
generated from the matrix (= misses 10% of hits)

* minimize false positives (minFP)
— no matches to non-regulatory sequences (exon2 and
exon3)

— strict, useful for looking for most promising sites in long
genomic sequences

e minimize the sum of both errors (minSum)

— set 100% false positives = number of matches from
exon sequences using minFN. Raise the threshold and
sum the new percentage of false negatives and false
positives each time. Finally, pick the threshold that gives
the minimum sum.
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Matlnspector professional

+ Genomatix tool

» thresholds

— matrix similarity (takes information content into account)
— core similarity (4 most conserved consecutive positions)

— optimized matrix threshold (max 3 hits per 10 000 bp of
non-regulatory test sequence)

* matrices grouped into families
— similar TFBSs with a similar biological function
— only the best match within a family is listed

* tissue filter (in commercial version only)

* matches relative to TSS, interactive graphical output
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Pnsitins
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Statistics: matches per 1000 bp
] n-vaﬂu%. ol sy ciers R R T =
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WEF s 453 L mathes Laeg
AMMEFE na: 066 L matthas 1580,
iPECLE [P, OE ;0.5 L matchms L amg.
AAMES AL e 011 Tmatms Lz
LR i 0 L matyba ¢ L e |
Femily statistics: =
] tora o trzamat

JASPAR

* open-access matrix database (111 matrices) and search
tools

e programs:
— matrix search with a sequence
— compare self-made matrix to database matrices

» http:/jaspar.cgb.ki.se/cgi-bin/jaspar_db.pl
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Site search mode

Putative trangcription factor binding sites found Slong £ 17097

(2
Takke v
[ EF 11081
Trangerption fcter
| Sequanca i:rr,m!'fo Scoma | Srand
BEEZ [[CCTAARATAZ 333 (3423521 -
Sequence view
EFrrodl  CARRACCATCOGFTTOCTTTCTE AN TTE Taal TG0 TE TG AR MG
i I i I | |
i0 1 an £l sn &0
EFIIosl RGO TEACR GG TT RO AT CLCC WG RTTO TCC TR C AGC OOREGCRECT
1 1 1 1 1 1
m an L o0 110 k]

EFLIosd AT RAGTTTRARARC RTAACRGGETCC TOT TG TARIC 0 AFFIAGIRTTIE
I I } I I
ixo 1o 150 140 170 180

TESS

» uses Transfac 4.0 public

* thresholds
— matrix similarity and core similarity
— minimum log likelyhood ratio and deficit
— significance threshold

» several filters to select matrices
» possibility to alter pseudocounts and background
 string search included

* http://www.cbil.upenn.edu/tess/




TESS filters

 cell positive specificity (e.g. liver)

» organism classification (e.g. mammalia)
e organism species (e.g. Mus musculus)
 factor class (e.g. bHLH)

» factor name and synonyms

* interacting factors

» words in reference titles (e.g. homeobox)

ack = = - Q) (3] 0} seach [ajfaeats 3 .’_!-,--?p__";r':rj
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leaal numbacrs=Q_0 and c=1_.0|

Does the hit occur more often
than expected by chance? Use

Fsendecomts: 100 Py |

How strongly unobserved
bases are discriminated
against? >0.5 decreases

& Unifeern Backyround

= Estirnate From Sequence
= Tae & T Contece 361 [0 jraws semtecse.o me rzo0.m
- Euplaet 4,05,  Distebubien Wthxn

BB ambiguais Bases

Haodle Anokiguons Bases Ting |Expacad Scoe ¥ (1]

FEe T B
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Which one should | use?

* Matinspector
— algorithm uses information vector
— large, up-to-date matrix library
— search with matrix families
— tissue filter (in professional version)

* Match
— algorithm uses information vector
— large, up-to-date matrix library (public vs professional!)
— ready made profiles (but with fixed thresholds)

+ JASPAR
— smaller but good quality matrix library
« TESS

— allows filtering
— allows fiddling with pseudocounts and backgound model




How to weed out false positives?

» Phylogenetic footprinting
* Clusters/ modules

» Expression data

4. Clusters and phylogenetic
footprinting
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Clusters/ modules/ frameworks

Transcription factors don't act alone

Biological knowledge to group TFs

Spacing consideration (need data to establish rules)
Genomatix: Modellnspector, fastM, FrameWorker
MSCAN (http://tfscan.cgb.ki.se/cgi-bin/MSCAN)
ClusterBuster (http://zlab.bu.edu/cluster-buster/cbust.html)

Phylogenetic footprinting

regulatory regions tend to be evolutionarily conserved

align orthologous genes
— arose from a common ancestral gene through speciation
— likely to be involved in similar biological functions

suitable evolutionary distance

— 70 million years reveals most regulatory regions (eg.
human/mouse)

— coding sequences: 450 million years (human/fugu)
results depend on the alignment

phylogenetic footprinting eliminates ~90% of predictions (and
~10% of real hits)
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What kind of alignment?

global alignment

— assumes that similar regions in the sequence
appear in the same order and orientation

— on average, human and mouse have order and
orientation preserved up to 8 Mb regions

— Needleman-Wunsch, AVID

local alignment

— evidence that TFBSs are prone to reordering
— less power in finding weakly conserved regions
— Smith-Waterman, BLASTZ

glocal alignment?

ECR browser

ECR = evolutionary conserved region

visualizes all pairwise genomic alignments
between human, mouse, rat, Fugu,
Tetraodon, and zebrafish genomes

extract sequences that correspond to any
ECR, view sequence alignments, send results
to further analysis (rVista)

http://www.dcode.org/
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rVista

» alignment generated by BLASTZ

* identification of TFBS matches in individual
sequences (using Match and Transfac 7.3 matrices)

* identification of aligned TFBS

« calculation of local conservation extending upstream
and downstream from each orthologous TFBS

 calculates distance between all neighbouring TFBSSs,
possible to cluster individual or multiple TFs

* http://www.dcode.org/
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