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Promoter Analysis: Characterization & Promoter Analysis: Characterization & Promoter Analysis: Characterization & Promoter Analysis: Characterization & 
PredictionPrediction

Regulation of gene expressionRegulation of gene expression
Compaction of chromatinCompaction of chromatinCompaction of chromatinCompaction of chromatin
Transcriptional initiationTranscriptional initiation (*****)(*****)

To ensure no superfluous To ensure no superfluous 
intermediates are synthesized intermediates are synthesized intermediates are synthesized intermediates are synthesized 

PolyadenylationPolyadenylation
SplicingSplicing
mRNA stabilitymRNA stability
Translation initiationTranslation initiation
The control of The control of protein activityprotein activityhe control of he control of protein activityprotein activity



Promoters (1)Promoters (1)

Functional regionsFunctional regions immediately upstream or downstream of a immediately upstream or downstream of a 
transcription start site (TSS) transcription start site (TSS) transcription start site (TSS) transcription start site (TSS) 

Immediately involved in the regulation of transcription Immediately involved in the regulation of transcription 

Th   f Th   f   i  iThe structure of The structure of a promoter regiona promoter region
A specific arrangement of transcription factor binding sitesA specific arrangement of transcription factor binding sites

RegulatoryRegulatory or or promoterpromoter elementselements (Fickett & Hatzigeorgiou 1997)(Fickett & Hatzigeorgiou 1997)g yg y pp ( g g )( g g )

Core promoterCore promoter (next slide)(next slide)
The region of the promoter The region of the promoter near the TSS where RNA polymerase II near the TSS where RNA polymerase II The region of the promoter The region of the promoter near the TSS where RNA polymerase II near the TSS where RNA polymerase II 
bindsbinds is known as the is known as the 

An An universal structureuniversal structure that is responsible for basal gene transcription that is responsible for basal gene transcription 
Zhang 1998Zhang 1998



Promoters (2)Promoters (2)



Promoters (3)Promoters (3)

Transcriptional enhancersTranscriptional enhancers
Nondirectional promoter regionsNondirectional promoter regionsNondirectional promoter regionsNondirectional promoter regions

Several Kb away from the regulated geneSeveral Kb away from the regulated gene

Experimental identificationExperimental identification of promoter regions at a genomic of promoter regions at a genomic Experimental identificationExperimental identification of promoter regions at a genomic of promoter regions at a genomic 
scale is scale is extremelyextremely

Laborious Laborious 
Expensive Expensive 

Computational methodsComputational methods may play an important role in the may play an important role in the Computational methodsComputational methods may play an important role in the may play an important role in the 
annotation of these sequencesannotation of these sequences

Pennacchio & Rubin 2001Pennacchio & Rubin 2001



Promoters (4)Promoters (4)

Gene finding & promoter predictionGene finding & promoter prediction
A correct A correct promoterpromoter prediction prediction to improve gene predictionto improve gene predictionA correct A correct promoterpromoter prediction prediction to improve gene predictionto improve gene prediction

A way to define better the boundaries of a geneA way to define better the boundaries of a gene

A correct A correct genegene prediction automatically prediction automatically better predictions of better predictions of A correct A correct genegene prediction automatically prediction automatically better predictions of better predictions of 
upstream promoter regionsupstream promoter regions

Two problems in promoter predictions Two problems in promoter predictions 
TSSTSS & the promoter regions (sites)& the promoter regions (sites)
The detection of The detection of transcription factor binding motifs (binding )transcription factor binding motifs (binding )The detection of The detection of transcription factor binding motifs (binding )transcription factor binding motifs (binding )



Algorithms Algorithms –– Branzma et al. 1998Branzma et al. 1998

PatternPattern--driven algorithmsdriven algorithms
S rch f r S rch f r kn n r ul t r  p tt rnskn n r ul t r  p tt rns in n mic s qu nc sin n mic s qu nc sSearch for Search for known regulatory patternsknown regulatory patterns in genomic sequencesin genomic sequences

SequenceSequence driven algorithmsdriven algorithmsSequenceSequence--driven algorithmsdriven algorithms
To discover To discover unknown patternunknown pattern from sets of sequences that are from sets of sequences that are 
functionally relatedfunctionally relatedyy



PatternPattern--Driven Algorithms (1)Driven Algorithms (1)

The availability of collections of The availability of collections of experimentally annotated experimentally annotated 
binding sitesbinding sitesbinding sitesbinding sites

TRANSFAC TRANSFAC (Matys et al. 2003)(Matys et al. 2003)
PROMOPROMO (Messeguer et al. 2002)(Messeguer et al. 2002)

General representations or patterns of a given binding site General representations or patterns of a given binding site 
(Bucher 1990; Stormo 2000)(Bucher 1990; Stormo 2000)( )( )

Simple sequence alignment of real sites Simple sequence alignment of real sites consensus sequenceconsensus sequence or or 
weight matricesweight matrices scan genomic sequences to find new occurrences scan genomic sequences to find new occurrences 
of a binding motif of a binding motif gg



TRANSFAC MatrixTRANSFAC Matrix

A A TRANSFAC matrixTRANSFAC matrix entry entry 
constructed from a real collection of constructed from a real collection of 
389 TATA boxes (Bucher 1990)389 TATA boxes (Bucher 1990)

AC: accession; ID: Identification… AC: accession; ID: Identification… 

The weight matrix corresponding to The weight matrix corresponding to 
the promoter elementthe promoter element, the number of , the number of 
sites used to build it, other additional sites used to build it, other additional 
i f ii f iinformationinformation

Each line in the matrix corresponds Each line in the matrix corresponds 
to a position in to a position in the promoter motifthe promoter motifpp p m m fp m m f

The last column: the consensus The last column: the consensus 
nucleotide at that positionnucleotide at that position



Global Alignment of the Human & Mouse CRALBP Global Alignment of the Human & Mouse CRALBP 
Proximal Promoter SequencesProximal Promoter Sequences

http://www.molvis.org/molvis/v4/p14/kennedy-fig6.htmlhttp://www.molvis.org/molvis/v4/p14/kennedy fig6.html



PatternPattern--Driven Algorithms (2)Driven Algorithms (2)

A huge number of A huge number of false positivesfalse positives, reasons, reasons
The The binding site sequencebinding site sequence for a specific transcription factor may be for a specific transcription factor may be The The binding site sequencebinding site sequence for a specific transcription factor may be for a specific transcription factor may be 
highly variablehighly variable

Th  Th  l thl th f th  bi di  ti  i  f th  bi di  ti  i   h t h t (t i ll  5(t i ll  5 15 b )15 b )The The lengthlength of the binding sties is of the binding sties is very shortvery short (typically 5(typically 5--15 bp)15 bp)

InteractionInteraction between transcription factors may influences between transcription factors may influences binding binding p yp y gg
affinityaffinity with the promoter siteswith the promoter sites

OneOne binding site may be recognized by one or binding site may be recognized by one or more different more different OneOne binding site may be recognized by one or binding site may be recognized by one or more different more different 
transcription factors transcription factors 



PatternPattern--Driven Algorithms (3)Driven Algorithms (3)

SolutionsSolutions to overcome false positivesto overcome false positives
Concentration of predictions > isolation predictions (Werner 2000)Concentration of predictions > isolation predictions (Werner 2000)Concentration of predictions  isolation predictions (Werner 2000)Concentration of predictions  isolation predictions (Werner 2000)
TSS nearby (Praz et al. 2002)TSS nearby (Praz et al. 2002)

A difficult problem A difficult problem A difficult problem A difficult problem 
The correct The correct annotation of the first exon of a geneannotation of the first exon of a gene (coding or non(coding or non--coding) coding) 
(Davuluri et al. 2001)(Davuluri et al. 2001)



PatternPattern--Driven Algorithms (4)Driven Algorithms (4)

Cooperation between transcription factorsCooperation between transcription factors play important role in play important role in 
the regulation of transcriptionthe regulation of transcriptionthe regulation of transcriptionthe regulation of transcription

Searching for Searching for clusters of associated sitesclusters of associated sites or or compositescomposites can lead to a can lead to a 
substantial improvement (Wagner 1997)substantial improvement (Wagner 1997)

ExperimentalExperimental discovery & classification of new transcription factors can help discovery & classification of new transcription factors can help 
to develop more complete catalogs of regulatory elements (Pennacchio & Rubin to develop more complete catalogs of regulatory elements (Pennacchio & Rubin 
2001)2001)



SequenceSequence--Driven Algorithms (1)Driven Algorithms (1)

Rationale: Rationale: 
Common functionalityCommon functionality can be deduced through can be deduced through underlying sequence underlying sequence Common functionalityCommon functionality can be deduced through can be deduced through underlying sequence underlying sequence 
conservationconservation

Ali t  f t  i  f Ali t  f t  i  f l t d l t d Alignments of promoter regions of Alignments of promoter regions of coco--regulated genesregulated genes
highlight highlight regulatory elementsregulatory elements involved in involved in coco--regulationregulation

Heuristic techniques to identify Heuristic techniques to identify common motifscommon motifs in sets of in sets of q yq y
unaligned sequencesunaligned sequences

MEMEMEME (Bailey & Elkan 1995)(Bailey & Elkan 1995)
AlignAceAlignAce (Roth et al. 1998)(Roth et al. 1998)AlignAceAlignAce (Roth et al. 1998)(Roth et al. 1998)



MEME MEME (Bailey & Elkan 1995; Bailey et al. 2006)(Bailey & Elkan 1995; Bailey et al. 2006)

To discover potentially To discover potentially novel motifsnovel motifs
Searching for Searching for conserved motifsconserved motifs in sets of in sets of unalignedunaligned   functionallyfunctionallySearching for Searching for conserved motifsconserved motifs in sets of in sets of unalignedunaligned, , functionallyfunctionally
related sequencesrelated sequences

Novel motifs mi ht be statistic artifactsNovel motifs mi ht be statistic artifactsNovel motifs might be statistic artifactsNovel motifs might be statistic artifacts



SequenceSequence--Driven Algorithms (2)Driven Algorithms (2)

Two kinds of Two kinds of coco--regulated regulated 
sequencessequencessequencessequences

Orthologous genesOrthologous genes from from 
different species different species 

Genes that have been Genes that have been 
experimentally experimentally p yp y
determined to be determined to be coco--
expressedexpressed (Pennacchio & (Pennacchio & 
Rubin 2001)Rubin 2001)u )u )



Comparative Promoter Prediction (1)Comparative Promoter Prediction (1)

Patterns of Patterns of gene regulationgene regulation are often are often conserved across conserved across 
speciesspeciesspeciesspecies

Phylogenetic footprintingPhylogenetic footprinting
Interspecies comparisons Interspecies comparisons to identify common regulatory sequences to identify common regulatory sequences 
(Wasserman et al  2000) (Wasserman et al  2000) (Wasserman et al. 2000) (Wasserman et al. 2000) 

The selection of appropriate species, The selection of appropriate species, criticalcritical



Comparative Promoter Prediction (4) Comparative Promoter Prediction (4) Comparative Promoter Prediction (4) Comparative Promoter Prediction (4) ––
Potential ProblemsPotential Problems

It is unclear It is unclear to what extentto what extent noncoding conserved elementsnoncoding conserved elements exhibit exhibit 
l  f  (D k   l  2002)l  f  (D k   l  2002)regulatory functions (Dermitzakis et al. 2002)regulatory functions (Dermitzakis et al. 2002)

There is There is an important fractionan important fraction of regulatory elements that are not of regulatory elements that are not pp g yg y
conserved across speciesconserved across species



SequenceSequence--Driven Algorithms (3)Driven Algorithms (3)

Microarray dataMicroarray data or or 
expression profilingexpression profilingexpression profilingexpression profiling

CoCo--expression of genes could expression of genes could 
reflect the existence of common reflect the existence of common 
configuration of promoter configuration of promoter g pg p
elementselements
ExamplesExamples

YeastYeast (Chu et al. 1998; (Chu et al. 1998; 
T i  t l  1999)T i  t l  1999)Tavazoie et al. 1999)Tavazoie et al. 1999)

In mammalianIn mammalian
Higher complexity = more Higher complexity = more 
difficult (Pennacchio & Rubin difficult (Pennacchio & Rubin 
2001) 2001) 



Prediction of Promoter Regions (1)Prediction of Promoter Regions (1)

Many methodsMany methods
No programs was found to be significantly superior to any No programs was found to be significantly superior to any No programs was found to be significantly superior to any No programs was found to be significantly superior to any 
other other ( Fickett & Hatzigeorgiou 1997)( Fickett & Hatzigeorgiou 1997)

In general, quality is poorIn general, quality is poor

Gene promoter regionsGene promoter regions
Clusters of binding sitesClusters of binding sites
MethodsMethods

Biased compositionBiased composition to locate TSSto locate TSS + the region upstream containing a + the region upstream containing a Biased compositionBiased composition to locate TSSto locate TSS  the region upstream containing a  the region upstream containing a 
significant concentration of binding sitessignificant concentration of binding sites

Weight metrics & oligonucleotide counts (overexpresented words)Weight metrics & oligonucleotide counts (overexpresented words)



Prediction of Promoter Regions (2)Prediction of Promoter Regions (2)

FirstEFFirstEF (Davuluri et al. 2001)(Davuluri et al. 2001)
A set of discriminant functions  e g  A set of discriminant functions  e g  A set of discriminant functions, e.g., A set of discriminant functions, e.g., 
CpG islandCpG island detection, donor splice detection, donor splice 
site matrices…site matrices…

To identify both To identify both promoter regionspromoter regions
& & first exons (+UTRs)first exons (+UTRs)



Prediction of Promoter Regions (3)Prediction of Promoter Regions (3)

PromoterScanPromoterScan (Prestridge 1995)(Prestridge 1995)
The density of The density of known binding known binding The density of The density of known binding known binding 
sitessites

The existence of The existence of TATA boxTATA boxThe existence of The existence of TATA boxTATA box



Prediction of Promoter Regions (4)Prediction of Promoter Regions (4)

PromoterInspectorPromoterInspector (Scherf et al. 2000)(Scherf et al. 2000)
The recognition of The recognition of the context of promoterthe context of promoter by exact pattern by exact pattern The recognition of The recognition of the context of promoterthe context of promoter by exact pattern by exact pattern 
matching to matching to a consensus sequencea consensus sequence (rather than their exact (rather than their exact 
location)location)
S ifi itS ifi it  85%  iti it  48% 85%  iti it  48%SpecificitySpecificity: 85%; sensitivity: 48%: 85%; sensitivity: 48%



Prediction of Promoter Regions (5)Prediction of Promoter Regions (5)

Dragon Promoter Finder Dragon Promoter Finder (Bajic et al. 2002)(Bajic et al. 2002)
A tifi i l l t k  A tifi i l l t k  Artificial neural networks Artificial neural networks 

To combine information derived from promoters, exons & intronsTo combine information derived from promoters, exons & introns



Strategies & Considerations (1)Strategies & Considerations (1)

Complete genomes, usually with these informationComplete genomes, usually with these information

Still usefulStill useful
The users may wish to The users may wish to use different parametersuse different parameters, , 

To analyze To analyze alternative splicingalternative splicing or to analyze regions apparently or to analyze regions apparently 
devoid of genes, to predictdevoid of genes, to predict

Splice signalsSplice signals
S b ti l S b ti l Suboptimal exonsSuboptimal exons

For analyzing the genomes of For analyzing the genomes of organisms currently being organisms currently being 
sequencedsequencedsequencedsequenced





Masking the Sequences: Searching for Repeats (1)Masking the Sequences: Searching for Repeats (1)

RepeatMaskerRepeatMasker (Smit & Green) (Smit & Green) 
To find repetitive elements & To find repetitive elements & reduce falsereduce false--positive predictionpositive predictionTo find repetitive elements & To find repetitive elements & reduce falsereduce false positive predictionpositive prediction

To mask the regions containing repeats (substitutes an N for each To mask the regions containing repeats (substitutes an N for each 
character in a repetitive element)character in a repetitive element)

Gene prediction programs Gene prediction programs ignore such stretchesignore such stretches in making their in making their 
predictions predictions 

Coding exonsCoding exons tend tend not tonot to overlap or to contain repetitive elementsoverlap or to contain repetitive elementsCoding exonsCoding exons tend tend not tonot to overlap or to contain repetitive elementsoverlap or to contain repetitive elements
Example (next slide), UROD: few repetitive elementsExample (next slide), UROD: few repetitive elements
But most genomes ~40% repetitive elementsBut most genomes ~40% repetitive elements



http://genome.ucsc.edu/cgihttp://genome.ucsc.edu/cgi--bin/hgTracks?position=chr1:45251116bin/hgTracks?position=chr1:45251116--
45253928&hgsid=92968557&knownGene=pack&hgFind.matches=uc001cnc.145253928&hgsid=92968557&knownGene=pack&hgFind.matches=uc001cnc.1,



Masking the Sequences: Searching for Repeats (2)Masking the Sequences: Searching for Repeats (2)

Dramatic effectsDramatic effects
GeneScan GeneScan predicts 1128 genes predicts 1128 genes without maskingwithout masking (human chr. 22) vs. (human chr. 22) vs. 

89 89 h h kk789 789 with with maskingmasking

GeneIDGeneID
1179 to 7301179 to 730

Although Although mostmost of the additional exons predicted using of the additional exons predicted using unmasked unmasked Although Although mostmost of the additional exons predicted using of the additional exons predicted using unmasked unmasked 
sequencesequence data are likely to be data are likely to be false positivesfalse positives

There are There are timestimes where where coding regionscoding regions do occur in repetitive or lowdo occur in repetitive or low--
c mplexit  re i ns c mplexit  re i ns ressive m skin  f the sequence  then  ressive m skin  f the sequence  then  complexity regions complexity regions aggressive masking of the sequence, then, aggressive masking of the sequence, then, 
could lead to missing some actual exonscould lead to missing some actual exons

Run both and seeRun both and see



Interpreting Gene Predictions (1)Interpreting Gene Predictions (1)

Internal exonsInternal exons are predicted are predicted 
consistently consistently across all of the across all of the 

The The coding fractioncoding fraction of the of the 1st exon1st exon
is is quite short, quite short, yielding  a poor yielding  a poor 
conding signla conding signla gene boundariesgene boundaries are are 

methodsmethods
There is There is substantial disagreementsubstantial disagreement
in the prediction at the 5’in the prediction at the 5’--end end 

con ng s gn a con ng s gn a g n  oun ar sg n  oun ar s ar  ar  
difficult to predict difficult to predict 

GeneID:GeneID: part of the 2nd exon as part of the 2nd exon as 
the initial exonthe initial exon
GENESCAN:GENESCAN: no initial exon, a no initial exon, a 
partial gene starting with an partial gene starting with an 
internal exoninternal exon
FGENESH:FGENESH: a wrong exon in a a wrong exon in a 
known nonknown non--coding region as being coding region as being 
the 5’the 5’

•All the programs show a significant expansion of the 5’-
end of the gene, immediately upstream of the UROD gene



Interpreting Gene Predictions (2)Interpreting Gene Predictions (2)

Regions containing genes,  coding exons tend to be well Regions containing genes,  coding exons tend to be well 
delineateddelineateddelineateddelineated

Not alwaysNot always assembled into the correct overall gene structure assembled into the correct overall gene structure 

G l   diG l   diGeneral ways to predictGeneral ways to predict
To split To split one real geneone real gene into into gene fragmentsgene fragments or predict or predict chimeric chimeric 
genesgenes
In region devoid of genes, to predict coding exons, as well In region devoid of genes, to predict coding exons, as well 

Consistent predictions by Consistent predictions by different different ab initioab initio methodsmethodsConsistent predictions by Consistent predictions by different different ab initioab initio methodsmethods
suggestive of the suggestive of the actualactual presence of a proteinpresence of a protein--coding gene, coding gene, 
even even in the absence ofin the absence of experimental evidenceexperimental evidence



Interpreting Gene Predictions (3)Interpreting Gene Predictions (3)

The existence of a human mRNA confirms that it corresponds to The existence of a human mRNA confirms that it corresponds to 
a bona fide exona bona fide exona bona fide exona bona fide exon

Conversely, inconsistent predictions Conversely, inconsistent predictions indication of a potential indication of a potential 
f l  f l  false positive…false positive…

Highly suspiciousHighly suspicious



EST SearchesEST Searches

From the set of EST matches, the From the set of EST matches, the 
minimum number of splice forms minimum number of splice forms pp
to which these ESTs actually to which these ESTs actually 
correspond?correspond? (Wheeler 2002; (Wheeler 2002; 
Eyras et al. 2004)Eyras et al. 2004)

FactsFacts
A large incidence of A large incidence of genomic genomic 

Not all known genes are supported Not all known genes are supported 
by EST evidenceby EST evidence

A large incidence of A large incidence of genomic genomic 
contaminationcontamination & & unprocessed unprocessed 
transcriptstranscripts in cDNA librariesin cDNA libraries

3’3’-- ESTsESTs tend to correspond to tend to correspond to 
the 3’ end of a gene (+ substantial the 3’ end of a gene (+ substantial 
fraction of fraction of the UTRthe UTR))

Similar to an EST ~ the alignment Similar to an EST ~ the alignment 
of the query sequence occurs of the query sequence occurs 
across a splice junctionacross a splice junction

5’ ESTs5’ ESTs often are often are internalinternal to the to the 
gene & gene & are mostly codingare mostly coding (Guigo et (Guigo et 
l  2000) l  2000) al. 2000) al. 2000) 



Predicting Genes on Top of Previous AnnotationsPredicting Genes on Top of Previous Annotations

Major genome browsers Major genome browsers 
contain predicted genescontain predicted genescontain predicted genescontain predicted genes

Gene prediction programsGene prediction programs
In exploratory data analysis, esp. In exploratory data analysis, esp. 
alternative splicing of known genes alternative splicing of known genes 

GeneID & GENESCAN GeneID & GENESCAN 

Prediction on regions that are Prediction on regions that are 
apparently devoid of genesapparently devoid of genes

Based on experimental evidence Based on experimental evidence Based on experimental evidence Based on experimental evidence 
with proteinwith protein--coding regioncoding region

GeneID (Blanco et al. 2002)GeneID (Blanco et al. 2002)
GAZE GAZE (Howe et al. 2002; the (Howe et al. 2002; the 
S  C t )S  C t )Sanger Center)Sanger Center)



The Problem with Pseudogenes (Real or Not) (1)The Problem with Pseudogenes (Real or Not) (1)



The Problem with Pseudogenes (Real or Not) (2)The Problem with Pseudogenes (Real or Not) (2)

Many pseudogenesMany pseudogenes are similar are similar 
to to functionalfunctional paralogous genes paralogous genes 

HomologuesHomologues in in another organismanother organism
T  t  th   (K ) T  t  th   (K ) to to functionalfunctional paralogous genes paralogous genes 

ESTs ESTs do not alwaysdo not always exist for exist for 
l l 

To compute the synonymous (Ka) To compute the synonymous (Ka) 
vs. nonvs. non--synonymous (Ks) synonymous (Ks) 
substitution ratesubstitution rate

actual genesactual genes

Intronless gene in multiexon Intronless gene in multiexon 

Ka/Ks (Fay & Wu 2003)Ka/Ks (Fay & Wu 2003)
~1 = neutral evolution~1 = neutral evolution = = 
pseudogenepseudogenegg

paralogous genes paralogous genes 
Recent gene duplication Recent gene duplication 
multiexon predictions multiexon predictions 

Conservation of overall Conservation of overall gene gene 
structurestructure in close homologsin close homologs

Example: human vs. mouse Example: human vs. mouse 
Guigo et al. 2003Guigo et al. 2003



Using the Right ParametersUsing the Right Parameters

Appropriate forAppropriate for
Th  Th  ii & & t it iThe The speciesspecies & & taxonomictaxonomic groupgroup

Not always possibleNot always possible

h   f  h  h  b  d f     h   f  h  h  b  d f     The use of parameters that have been optimized for one organism may The use of parameters that have been optimized for one organism may 
produce produce poor resultspoor results when used for another organismswhen used for another organisms

Especially when the organism is distinctly related Especially when the organism is distinctly related 

The The qualityquality of the prediction is seen to degrade as a function of of the prediction is seen to degrade as a function of 
phylogenetic distancephylogenetic distancep y gp y g



Promoter Prediction & Characterization (1)Promoter Prediction & Characterization (1)

One major problemOne major problem
The transcription start site (TSS)The transcription start site (TSS)

The 5’ end of the gene is not determined accurately most of timeThe 5’ end of the gene is not determined accurately most of time
No fullNo full--length cDNAs for a large fraction of mammalian geneslength cDNAs for a large fraction of mammalian genes
cDNAs are almost noncDNAs are almost non--existent for  most of the species whose genomes existent for  most of the species whose genomes 
are currently sequencedare currently sequenced

FirstEFFirstEF (Davuluri et al. 2001)(Davuluri et al. 2001)
To identify genes without fullTo identify genes without full--length cDNAslength cDNAsTo identify genes without fullTo identify genes without full length cDNAslength cDNAs

Or UCSC Genome Browser Or UCSC Genome Browser 



Promoter Prediction & Characterization (2)Promoter Prediction & Characterization (2)

TRANSFACTRANSFAC
T  h i  ll k  i i  f  bi di  if  ( h  T  h i  ll k  i i  f  bi di  if  ( h  To search against all known transcription factor binding motifs (those To search against all known transcription factor binding motifs (those 
found in TRANSFAC) found in TRANSFAC) 

Overwhelming number of predictionOverwhelming number of prediction
C i  i  h i   i  i  i  h  lC i  i  h i   i  i  i  h  lComparative genomic techniques to assist in processing the resultsComparative genomic techniques to assist in processing the results

To align two or more promoter sequencesTo align two or more promoter sequences from from homologous geneshomologous genes will highlight the will highlight the 
common, conserved fragmentscommon, conserved fragments

Fragments that may correspond to functional elementsFragments that may correspond to functional elements

Most of the conserved fragments are near the TSS + have TRANSFAC hits Most of the conserved fragments are near the TSS + have TRANSFAC hits 
corresponding to actually regulatory element corresponding to actually regulatory element 



Visualization & Integration Tools (1)Visualization & Integration Tools (1)

A common visual interface to view different resultsA common visual interface to view different results

ThirdThird--party interfacesparty interfaces
UCSC Genome Browser UCSC Genome Browser 
Ensembl Genome Browser Ensembl Genome Browser (Wolfsberg et al. 2001)(Wolfsberg et al. 2001)( g )( g )

LocalLocal interactive graphical tools provide a better solutioninteractive graphical tools provide a better solution
The Apollo systemThe Apollo system (Lewis et al  2002)(Lewis et al  2002)The Apollo systemThe Apollo system (Lewis et al. 2002)(Lewis et al. 2002)



Visualization & Integration Tools (2)Visualization & Integration Tools (2)

Local interactive graphical tools provide a better solutionLocal interactive graphical tools provide a better solution
GFF2PSGFF2PS (Abril & Guigo 2000)(Abril & Guigo 2000)( g )( g )

In highIn high--throughput environment, especially useful throughput environment, especially useful 


