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Abstract

Themicroarraytechnologyhasmadeit possibleto experimentallymea-

suretheexpressionlevelsof many individualgenessimultaneously. Microar-

rayscan,for example,be usedto generategeneexpressionprofilesof cells

underdifferentenvironmentalconditions. Thesegeneexpressionprofiles,

canthenbeusedto clustergenesinto co-expressedgroups.It is reasonable

to assumethat co-expressedgenesmay alsobe co-regulated,andthusmay

shareregulatory sequencesin their non-codingregions. The aims of this

projectweretwo-fold; first to build a softwarepackagewhich cancreatea

dynamicdatabaseACID (arraycloneinformationdatabase)consistingof in-

formationaboutthe clonesusedin microarrayexperimentsandsecond,by

linking the clonesto the genome,to investigatetheir transcriptionalregula-

tory regionsfor presenceof regulatorymotifs andbasalpromoterregions.
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1 Introduction

All living cells, without any known exception,storetheir heriditary information

in the form of double-strandedmoleculesof DNA (deoxyribonucleicacid). In

the cell, DNA is storedin helical form with its complementarystrand,andeach

strandis usedasatemplateto makeacomplementarystrandof itself (seefigure1),

DNA is alwaysformedof thesamefour typesof nucleotides(bases)- A (adenine),

T(thymine),G(guanine),C(cytosine). RNA (ribonucleicacid) is singlestranded

andit is acopy of oneof thestrandsof DNA. RNA is slightly differentfrom DNA,

sinceit hasU (uracil) insteadof T (thymine).

Figure1: Double-strandedDNA

Schematicallya nucleotidehasa 5’ endanda 3’ end. In a DNA strandthe3’

endof eachnucleotideis attachedto the5’ endof theadjacentnucleotide.There-

fore a DNA strandhasa direction. By convention,double-strandedDNA is rep-

resentedby two strandsof sequencesasfollows; oneis startingat the5’ endand

continuingfrom left to right to the3’ endof themolecule,andis calledthepositive

strandandthe other is startingat the 3’ endandcontinuingfrom left to right to

the 5’ endof the molecule,andis calleda negative strand,seefigure 2. RNA is

representedby a singlestrandsequenceandits directionis thesame(5’ to 3’) as

for thepositive DNA strand

Figure2: Postive andnegative DNA strands

1.1 The central dogma

A segmentof DNA sequence(information)correspondingto a proteinis calleda

geneandit servesasthetemplatefor thesynthesisof RNA, muchasit doesfor its
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own replication.Themajority of genesareexpressedastheproteinsthey encode.

Theprocessoccursin two steps:

� Transcription= DNA to RNA

� Translation= RNA to protein

togetherthey makeupthe“centraldogma”of biology(seefigure3): DNA to RNA

to protein. In general,proteinsare the moleculesthat carry out the functionsin

cells.

DNA directsthe synthesisof RNA by the transcriptionprocess,in which a

geneis transcribedinto amessengerRNA (mRNA). MessengerRNA carriescoded

information to ribosomes,which readsthe mRNA sequenceanduseit to direct

proteinsynthesis.This processis calledtranslation.Figure3, alsoillustratesthe

processof proteinproduction. (Figure3 is taken from NationalHealthMuseum

Graphicgallery: http://www.accessexcellence.org/AB/GG/central.html).

Figure3: Thecentraldogmaof molecularbiology

In all cells, the expressionof genesis regulated. Insteadof manufacturing

its full repertoireof possibleproteinsat full tilt all the time, cells adjustthe rate

of transcriptionof differentgenesindependently, accordingto need.Stretchesof
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regulatoryDNA are interspersedamongthe segmentsthat codefor protein,and

specialproteinmolecules,so-calledtranscriptionfactors,bind to thesenoncoding

regionsto control the local rateof transcription.Thequantityandorganizationof

theregulatoryandothernoncodingDNA vary widely from oneclassof organisms

to another. In this way, the total geneticinformationof a cell is embodiedin its

completeDNA sequence,thegenomeof theorganism.

Protein-encodinggenesin Eukaryotes(higherorganisms)amongotherthings,

have exons,whosesequenceactuallyencodesto protein;a transcriptionstartsite;

a basalpromoteror corepromoterlocatedwithin about40 bp of thestartsite,and

an"upstream"promoter, whichmayextendfartherupstream.

Figure4: Transcriptionfactors

The basalpromoteris the transcriptionstart site, wheretranscriptionof the

geneinto mRNA begins. The basalpromotertypically containsa sequenceof 6

bases(TATAAA) calledthe TATA box [11]. It is boundby TranscriptionFactor

IID (TFIID) which is a complex of some10 differentproteinsincluding TATA-

binding protein (TBP) (seefigure 4). A basalor core promoteris found in all

protein-encodinggenes.

Many differentgenesin many differenttypesof cellssharethesametranscrip-

tion factors- notonly thosethatbind at thebasalpromoterbut evensomeof those

thatbind upstream.Whatturnson aparticulargenein a particularcell is probably

its uniquecombinationof promotersitesandtheexpressionlevelsof thetranscrip-

tion factorsthatbind to them.

ThelatestestimatesarethattheDNA of ahumancell, containsapproximately

35,000genes.They areexpressedin thefollowing ways: 1) Someof thesegenes

are expressedin all cells all the time. Theseso-calledhousekeepinggenesare

responsiblefor the routinemetabolicfunctions(e.g. respiration)commonto all

cells.2) Someareexpressedasacell entersaparticularpathwayof differentiation.

3) Someareexpressedall the time in only thosecells that have differentiatedin

a particularway. 4) Someareexpressedonly asconditionsaroundandin thecell
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change.For example,thearrival of a hormonemayturn on (or off) certaingenes

in thatcell. It is thereforeof greatinterestto investigatetheexpressionprofilesof

differentcellsundervaryingconditionsto characterizetheir geneticprograms.

1.2 cDNA microarray technology

Microarraysare revolutionary measurementdevices that allow biological explo-

ration on a genomicscale(Schenaet al. 1995). Microarraysallow for parallel

analysisof the expressionof thousandsof genes,henceit is possibleto investi-

gatetheglobal variationin transcriptionalexpressionprofiles. cDNA microarray

assaysuseDNA base-pairingto indirectly measuresequencespecificmRNA con-

centrations,whicharebelievedto reflecttheexpressionlevelsof genes.Thecentral

deviceof themethodis alibrary of many DNA sequencescalledclones,whichide-

ally arespecificfor onegeneeach,printedandimmobilizedontoa glasssurface.

RNA from asampleis convertedto fluorescentlytaggedDNA, whichis hybridised

(base-paired)againsttheprintedlibrary, suchthattheamountof DNA thathashy-

bridised(base-paired)to eachclonecanbedetectedvia fluorescencemicroscopy.

In this way, theRNA expressionlevel in a samplecanbemeasuredfor all clones

printedon themicroarray(seefigure5).

Figure5: Microarraytechnology

Microarrayexperimentsarenotonly aboutvisualizingandquantifyingtheflu-

orescencesignalfrom a microarryexperiments,but alsoaboutanalysinggeneex-

pressionunderexperimentalconditionsversusreferenceconditionsto determine
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whetherobserved differencesaresignificantor not. Therearemany sourcesof

noiseandvariability in microarraydata,includingexperimentalsourcesasimage

scanninginconsistencies,issuesinvolving computerinterpretationandqualifica-

tion of spots,hybridizationvariablessuchastemperatureandtime discrepancies

betweenexperiments,andexperimentalvariationcausedby differentialprobela-

bellingandefficacy of RNA extraction.It is assumedthatco-expressedgenesmay

alsobe co-regulated,andthusmay shareregulatorysequencesin the non-coding

regionssurroundingthemin thegenome.Therefore,searchingfor thepresenceof

commonregulatorymotifs for genesthat areexpressedin a similar fashionmay

furtherstrengthenresultsfrom geneexpressionprofiling studies.

2 Project goals

Microarrayexperimentsoften endup with a large numberof geneswhich areof

interest. However, to obtaininformationaboutthe genesoneby onemay be ex-

hausting,andthereforeit is of useto build adatabase,whichcanassistmicroarray

usersto extractup-to-dateinformationaboutall clonesusedin microarrayexperi-

mentssimultaneously. For thisaimwedevelopedACID (ArrayCloneInformation

Database)[5].

In microarraystudiesoneoftenfindsgenesthatareexpressedin asimilar fash-

ion. It is assumedthat geneswhich are expressedin a similar fashionmay be

regulatedby commontranscriptionfactors.Thereforewe decidedto write anap-

plication tool which can identify commonregulatorymotifs in the upstreamse-

quencesof thesegenes.Therearemany toolsavailablefor investigatingregulatory

regionsfor simplerorganismslike yeast(seefor example[6, 7]), so we decided

to write anapplicationtool, which caninvestigatetheregulatoryregionsfor more

complex mamalianspeciessuchashumanandmouse.To make it simplefor users,

this applicationshouldonly take microarraycloneidentifiersasinput, sothatmi-

croarrayusersneednot to searchfor genomeinformation(chromosome,startbase,

endbaseandstrand)for eachclone,to extractupstreamregionsandto find regu-

latory motifs. In additionto finding regulatorymotifs, theapplicationshouldgive

completeinformationabouttheclonesfrom ACID.

mRNA RefSeqs(ReferenceSequence)areconsideredto bea comprehensive,

integrated,non-redundantsetof full-length transcript(RNA) sequences,in other
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words “well-defined genes”[1]. So we decidedto useRefSeqinformation for

our researchquestions.In particular, we usethemRNA RefSeqassociatedwith a

geneasastartingpointandsearchfor regulatorymotifs in theupstreamregionsof

RefSeqspositionedin thegenome.A questionis, whethera RefSeqstartposition

reflectsthe transcriptionalstartsiteof thegene,which is crucial for our common

regulatorymotif searchto makesense.If not,theupstreamregionsweextractfrom

thegenomesequencewill not be theregulatoryregions. To addressthis issuewe

investigatedthepresenceof “coreor basalpromoters”in theseupstreamsequences.

3 Materials and methods

To get information that is helpful in solving our researchquestions,we decided

to write packages(setsof relatedapplications),which can retrieve information

from the SantaCruz GenomeBrowser [2] and Genomedatabase[3], GenBank

[15] and the UniGenedatabase(http://www.ncbi.nih.gov/UniGene)and form a

new dynamicdatabasefor cDNA microarrayclonescalledACID [5] (Array Clone

InformationDatabase).TheSantaCruzbrowser& databasecontainsgenomese-

quenceswith annotationfor many speciesincludinghumanandmouse.GenBank

is a repositoryfor measuredsequences,including very many shortsequencesof

mRNA. Many of theselatter sequencescorrespondto the samefull length tran-

script. Therefore,the mRNA sequencesin GenBankare partitionedinto non-

redundantset of gene-orientedclusterscalled UniGeneclusters,suchthat each

clusterideally correspondsto a uniquegene. As moreandmoresequencesbe-

comestoredin GenBank,UniGenegetsperiodicallyupdatedandeachversionis

assigneda build number. Packageswerewritten in suchway thatwe canretrieve

informationfor any speciespresentin UniGene.To increasetheefficiency of re-

trieval of informationfrom ACID, thepackagescreateindependenttablesfor each

species.Dependingon theUniGenebuild numberof thespecies,thedatabasecan

beupdatedindependentlyfor eachspecies.Both UniGeneandGenBankinforma-

tion weredownloadedfrom ftp://ftp.ncbi.nih.gov/repository/UniGene.

Currently, ACID containsall HomosapiensandMus musculuscDNA clones

presentin UniGene.Theinformationfor eachcloneincludes:

� GenBankaccessionnumbersto sequencereads[15]

� direction(5’ or 3’ read)of thesequencereads
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� whichUniGeneclusterit belongsto

� on whichchromosomeit is located

� cytobandinformation

� LocusLinkinformation[1]

� OMIM (OnlineMedelianInheritancein Man) information[14]

� its genesymbolandtitle

� its associatedGeneOntologyterms[13]

� its associatedmRNA ReferenceSequence(RefSeq)[1].

ACID alsocontainsinformationdownloadedfrom theGenomeBrowser[3] about

whereRefSeqs[1] arepositionedin genomes.Currently, this informationis based

on humangenomeassemblyhg13 andmousegenomeassemblymm2 [3]. The

RefSeqinformationfrom thegenomewhichwe have in ourdatabaseincludes:

� whichchromosomeit is locatedon

� startandendbaseon thechromosome

� cytobandinformation

TheaboveRefSeqinformationis requiredto retrievetheupstreamregionsfrom the

genomesequence,to investigatefor regulatorymotifs aswell asfor TATA boxes.

For humans(using UniGenebuild number160) ACID contains2.5 million

cDNA clonesand3.2 million EST sequencesbasedon a approximately111,000

UniGeneclusters. 18,262of the clustersarerepresentedby at leastoneRefSeq

mRNA sequence.For mouse(usingUniGenebuild number120),thecorrespond-

ing numbersare2.5million clones,3.1million ESTsequences,andapproximately

90,000clusters(12,860with a RefSeqsequence).Thedatabaseis implementedin

MySQL andapplicationsarewritten in Perl.

We have decidedto write the applicationsin Perl becausebiological datais

storedin enormousdatabasesandtext files. Sortingthroughandanalyzingthisdata

by hand(andit canbedone)would take far too long, sothesmartscientistwrites

computertools to automatethe process.Perl, with its highly developedcapacity
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to detectpatternsin data,andespeciallystringsof text, is themostobviouschoice

of programminglanguage.TheMySQL databaseis efficient andsolaceenoughto

implementbioinformaticprojectsandmoreover it is freeof cost.

3.1 ACID architecture

A hugeamountof cloneinformationis traditionallystoredin aflat filesby different

organizations,for examplein the SantaCruz GenomeBrowser [2, 3], UniGene

andGenBank[15]. To searchinformationaboutcloneswe needto go to different

webservices.And to searchinformationin a flat file is tediousandlaboriousjob,

so we decidedto build ACID [5], which will hold publicly availableinformation

for clonesusedin microarrayexperiments. Our ambitiousaim is to provide as

muchinformationaboutclonesaspossible.This database(ACID) will beupdated

automaticallydependingon theUniGenebuild numberof thespecies,thereforeit

containsup-to-dateinformation.Figure6 showsthearchitectureof ACID. Thefirst

layeris thePerllayer, whichdownloadsthegivenspeciesinformationaccordingto

their build number. If thebuild numberof thespeciesin theUniGenedatabaseis

greaterthanthebuild numberof thespeciespresentin our database(ACID), then

the informationof that speciesis downloaded,which will be in the form of huge

flat files. This Perl layerparsesdownloadedhugefiles to get the informationwe

neededandstoresit in ACID in anorderly fashion.For every new species,which

arenot presentin ACID; thePerl layerdynamicallycreatesnew tablesandstores

the informationof that species.In the next layer, theCGI layer, we usetheCGI

(CommonGateway Interface)scriptinglanguageto build a webpagefrom where

end userseasily can searchfor the informationusing clone identifiers,RefSeqs

or genesymbolsas inputs. The web pageis built in sucha way that one can

choosewhich information to be shown, for example, information relatedto the

GeneOntology, UniGene,the GenomeBrowser, and clone location (seefigure

7). Maintainenceof this database(ACID) is very simple, just to executea small

applicationof 5 to 6 linesandthecompletedatabasewill beautomaticallyupdated

with up-to-dateinformationby comparingthe build numberspresentin ACID to

UniGenebuild numbersof thespecies.
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Figure6: ACID architecture

4 Motif search

4.1 Data for investigating regulatory motifs

Wedecidedto testourapplicationusingdatafrom amicroarrayexperiment“Time-

dependenttranscriptionalchangesin a breastcancercell line causedby hypoxia”

[8]. Hypoxia,hereby growing cellsata low oxygenrate,inducestheactivity of the

HIF-1 protein[9], which is a transcriptionfactor. HIF-1 is thoughtto play a ma-

jor regulatoryrole in thecellular responseto hypoxia[9]. Theaim of thatproject

wasto investigatethe time dependency of transcriptionalchangesdueto in vitro

hypoxia treatmentof breastcancercells. Microarrayscontaining27,000clones

wereusedto analyzegeneexpressionpatternsat differenttime pointsof hypoxia

treatment.The datasetwasfiltered for quality andreducedto 15,000genes.Of

these15,000genes,570werefoundto bedifferentiallyexpresseddueto hypoxia.

We wantedto investigateif thegenesthatwereaffectedby thehypoxiatreatment

13



Figure7: An exampleof anACID query.

containsa commonregulatorymotif. HIF-1 is known to bind to thehypoxiareg-

ulatory element(HRE) that hasthe consensusmotif: 5’-G/C/T-ACGTGC-G/T-3’

[10]. We usethis motif sequenceas input for our applicationtool to seeif it is

sharedby thegenesdifferentiallyexpresseddueto hypoxia. Themotif sequence,

which is oneof theinputsto ourapplicationshouldbein matrix format;thevalues

in thematrix correspondto eachnucleotideat thatposition.We decidedto assign

thevalue0.3 to G, C andT whenthey arein thefirst positionand0.5 to G andT

whenthey arein the8th positionin thesequence.In this way, we turnedtheHRE

consensusmotif into thematrix in table1.

Table1: Samplemotif matrix (G/C/T-ACGTGC-G/T)
Pos 1 2 3 4 5 6 7 8

A 0 1 0 0 0 0 0 0
T 0.3 0 0 0 1 0 0 0.5
G 0.3 0 0 1 0 1 0 0.5
C 0.3 0 1 0 0 0 1 0

Table 1 containsthe weightsof eachnucleotidein the sequenceat that po-
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sition, which is usedto calculatethe scorefor a sequence.For example: if we

find the sequence“GTGCTGCC” upstreamof a gene,it will be given the score

0.3+0+0+0+1+1+1+0= 3.3.Thus,eachsequencefoundin anupstreamregioncan

begivenascorefor how similar it is to themotif of interest.

4.2 Application

The purposeof this applicationis to searchfor sharedregulatory motifs in the

upstreamregionsof clusteredgenes.It is subdivided into two parts. Thefirst in-

volves automationof the processof extracting the sequencesof the regionsone

wants,which could be of any length. The secondphaseinvolves searchingfor

sharedregulatorymotifs in theseextractedupstreamregionsusinga given motif

matrix.

4.2.1 First phase

The applicationretrieves the RefSeqinformationfrom ACID correspondingto a

givensetof microarrayclonesandusesthepositioninformationfor eachRefSeq

to extract its upstreamregion, by scanningthroughthe sequenceof the relevant

chromosome.If the RefSeqis locatedon a negative strand,thenthe application

takesthedownstreamregion of a given lengthin bases,startingfrom theendpo-

sition of theRefSeqon thechromosomeandreverse-complementsit. This is done

sincethechromosomeswhichwe have downloadedfrom Genomebrowserarethe

postive strandin thedirection5’ to 3’. If theRefSeqis locatedonapositive strand

thentheapplicationtakestheupstreamregion of a givenlengthendingat thestart

positionof theRefSeqon thechromosome.

The input usedfor retrieving the upstreamregionsarethe startbaseandend

baseof the upstreamregion relative to the positionof the RefSeqin the genome

(eg., startbase-1 andendbase-10,000). If the startbaseis a positive integer, for

example,if the startbasegiven is 200 andthe endbasegiven is -10,000,the ap-

plicationextracts10,200basesof upstreamregion, includingthefirst 200basesof

theRefSeq(gene).Thisapplicationis flexible to retrievebasesalsofrom insidethe

RefSeq,sincetheRefSeqpositiononthechromosomemaynotexactlycorrespond

to thetranscriptionstartsite.Sowedecidedto write anapplicationwhichcaneven

retrieve basesinsidethegene,andthismaybeusefulfor otherinvestigations.
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Figure8: Upstreamregion for agene

Thegreenarrows in figure8 shows the transcriptionof two RefSeqs(genes),

oneon eachstrand. On the positive strand,the RefSeqreadsfrom 5’ to 3’, and

the applicationtakes the upstreamregion startingfrom the greenline to a given

lengthupstreamin the directionto 5’. On the negative strand,againthe RefSeq

is alsoreadfrom 5’ to 3’ andtheapplicationtakestheupstreamregion from start

(correspondsto the endbaseon the genomesequence)of the RefSeqto a given

lengthupstreamin the directiontowards5’. The rangeof theupstreamregion is

denotedwith startingbaseas-1 andendingendingbasewith thegivenlength(eg.,

-10,000bases).

4.2.2 Second phase

For eachretrievedupstreamregion,theapplicationscansthroughthesequenceand

searchesfor a given motif andits positions. We decidedto find motifs andtheir

positionson both strands(positive andnegative), sinceproteinstypically bind to

double-strandedDNA. This applicationscansthroughthe upstreamsequencein

windows with the samelengthas the motif we are looking for. Eachbasein a

window is givena valueaccordingto its positionin themotif matrix, thewindow

is thengivenascoreby summingup thevaluesfor eachbase.

Figure9: Motif searchfor a geneon thepositive strand

If the RefSeqis locatedon the positive strandthe applicationsearchesfor a
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motif in the upstreamregion using a given motif matrix (examplemotif matrix

shown in table1). Figure9 shows a “TACGTGCG” motif found on the positive

strandandthescoreis 6.8usingthemotif matrix in table1.

Scoring:

T+A+C+G+T+G+C+G<=> 0.3+1+1+1+1+1+1+0.5= 6.8

This applicationdecidesthe presenceof a motif dependingon a given cutoff

value for the score. If the cutoff value is greaterthan equalto 6 for the above

motif matrix,thenthemotif sequencepresentontheupstreamregion is “T/A/G/C-

ACGTGC-T/A/G/C”.

Sinceproteinstypically bind to thedouble-strandedDNA, wealsolook for the

motif on thenegativestrandevenif theRefSeqis onthepositivestrand.Searching

on the negative strandfor the motif 5’-TACGTGCG-3’correspondsto searching

onthepostivestrandfor its reversecomplement5’-CGCACGTA-3’ ascanbeseen

in figure 9. Thereforethe applicationlooks for both the motif and its reverse-

complementon thepositive strand.

Figure10: Motif searchfor ageneon thenegative strand

If theRefSeqis locatedon a negative strand,theapplicationfollows thesame

procedureasit performedwhentheRefSeqwaslocatedon thepositive strand.In

this casetheapplicationcomplementsandreversestheretrievedupstreamregion,

sincethechromosomesequencefrom thegenomeassemblyis thepositive strand

in thedirection5’ to 3’, asshown in figure10.
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5 Basal promoter search

5.1 Data for basal promoter regions

We decidedto investigateTATA boxes(basalpromoter)[11] usingthe upstream

regionsfor all RefSeqspresentin ACID.

5.2 Application

Thepurposeof this applicationis to searchfor TATA boxes,that is searchingfor

the sequence“TATAAA” [11] in the upstreamregions for the RefSeqsretrieved

from ACID. It is alsosubdivided into two parts. Thefirst involvesautomationof

the processof extractingout the region onewants(could be of any length). The

secondphaseinvolvessearchingfor TATA boxesin theseupstreamregions. This

applicationfunctionis similar to thepreviousapplication,but insteadof searching

for agivenregulatorymotif, it searchesfor “TATAAA” only on thesamestrandas

theRefSeq(seefigure11)

Figure11: TATA boxsearchfor genes

6 Results

6.1 Motif search

We executedthe motif searchapplicationfor both the hypoxia regulatedset of

clonesandall the15,000genesthatsurvivedfiltering. Weusedthemotif matrix in

table1 andanupstreamlengthof 10,000(startbase= -1 andendbase= -10,000).

Theapplicationstoresresultsin aflat file in thefollowing fashion:
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Sampleoutput:(Motif Search)

>136303|NM_021168|chr16|+|661572|700548|RAB40C|RAB40C, member RAS oncogene family

Motif Strand Seq StartPos EndPos Score

GACGTGCT - AGCACGTC -1174 -1181 6.8

TACGTGCT - AGCACGTA -1448 -1455 6.8

>2547341|NM_006516|chr1|-|42395077|42428060|SLC2A1|solute carrier family 2, member 1

Motif Strand Seq StartPos EndPos Score

NF NF NF NF NF NF

>241705|NM_002863|chr14|-|45168037|45207149|PYGL|phosphorylase, glycogen; liver

Motif Strand Seq StartPos EndPos Score

TACGTGCG - TACGTGCG -8319 -8312 6.8

GACGTGCT - GACGTGCT -364 -357 6.8

GACGTGCG + CGCACGTC -4275 -4282 6.8

>824933|NM_013410|chr1|+|64533461|64612267|AK3|adenylate kinase 3

Motif Strand Seq StartPos EndPos Score

GACGTGCG + GACGTGCG -2400 -2393 6.8

CACGTGCG + CACGTGCG -354 -347 6.8

CACGTGCT - AGCACGTG -760 -767 6.8

Thesampleoutputcontaincloneinformationthatbeginswith ’>’ andis sepa-

ratedby pipesymbols(“|”), it includes

� cloneidentifier

� RefSeq

� chromosomefor RefSeq

� strandfor RefSeq

� startpositionof RefSeqin GenomeBrowser

� endpositionof RefSeqin GenomeBrowser

� genesymbol

� genename

It alsocontainsmotif searchinformationthatincludes

� which motif theapplicationfound(Note: Motif directionis alwaysfrom 5’

to 3’)
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� on whichstrand

� theactualsequencein theupstreamregion

� startpositionof themotif in theupstreamregion

� endpositionof themotif in theupstreamregion

� score

Using ACID, we could associate324 of the 570 clonesfound to be differentially

expressedby hypoxiato a RefSeqwith positionin the humangenome.The cor-

respondingnumberfor theotherclones(not regulatedby hypoxia)was7438.We

foundthat85 clonesof thehypoxiaregulatedgroupand545clonesof thegeneral

groupcontainthegivenmotif (seetable2).

Table2: Resultstablefor motif searchin thehypoxiadataset
Clones containmotif donotcontainmotif Total

ExpressionRegulatedby Hypoxia 85 239 324
ExpressionnotRegulatedby Hypoxia 545 6893 7438

7762

Theodds-ratiofor thevaluesin table2 is (85/239)/(545/6893) = 4.5.Thisodds-

ratio of 4.5 indicatesthat thereis anassociationbetweenthemotif andtheclones

with expressionaffectedby hypoxia. If therewould be no association,the odds-

ratio is expectedto beequalto 1. To investigatethesignificanceof theodds-ratio

deviating from 1, we submittedthevaluesof table2 to Fisher’s exacttest[12] and

got thep-value<=2.2*10
�����

. This p-valueroughlycorrespondsto theprobability

to getsuchanover-abundanceof motifs for thehypoxiaaffectedgenesby random

chance,giventheoverall numberof genesin thedatasetwith themotif.

6.2 Basal promoter search

A basalpromotersearch(TATA boxsearch),searchingfor TATA boxes(TATAAA)

[11] is importantto confirm the resultsof our researchquestion(motif search),

sincethe start positionsof RefSeqsshouldreflect the transcriptionstart sitesof

the genes,for our commonregulatorymotif searchto make sense.We decided

to executeour application“Basalpromotersearch”for all RefSeqspresentin our
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database(ACID). The databaseACID containsinformation for 17,295RefSeqs.

We executedthe applicationfor all 17,295RefSeqswith upstreamlength 2000

basesandthesequence“TATAAA” asinputs,andcameoutwith resultsasfollows:

Table3: TATA boxsearchresults
containsequence“TATAAA“ No. RefSeqs

Yes 8,429
No 8,866

Total 17,295

Table3 showsthat8,429RefSeqshaveTATA boxes(TATAAA) and8,866does

nothave TATA boxes(TATAAA) in theirupstreamregionsof length2000bases.

Table4: Numberof TATA boxhits for theRefSeqs
Numberof hits Numberof RefSeqs

0 8,866
1 5020
2 2065
3 813
4 328
5 126

>5 77
Total 17,295

Table4 showsthenumberof TATA boxhits for theRefSeqs.Table5 shows for

Table5: TATA boxpositions

Upstreambase-pairsrange No. of RefSeqs
0 - 100 714

100- 200 369
200- 500 1507
500- 1000 3269
1000- 2000 7874

theupstreamintervals 0 - 100,100- 200,200- 500,500- 1000and1000- 2000

bases,thenumberof RefSeqsthathaveTATA boxesin theintervals.Theoutputof

theapplicationis storedin aflat file in thefollowing fashion:
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Sampleoutput:(TATA box search)

NM_020472 51 chrX - 2 PIGA -1085,-340

NM_002764 56 chrX + 3 PRPS1 -888,-719,-459

NM_002835 62 chr7 + 2 PTPN12 -1720,-1202

NM_003856 66 chr2 + 2 IL1RL1 -1728,142

NM_016232 66 chr2 + 1 IL1RL1 33

NM_007327 105 chr9 + 0 GRIN1

NM_031846 167 chr2 + 2 MAP2 -1292,-611

NM_002600 188 chr1 + 6 PDE4B -1896,-806,-798,-686,-592,-509

7 Discussion and outlook

We developedACID, a databasewhich containsinformation about microarray

clones.To retrieve informationaboutmicroarrayclonesfrom ourdatabase(ACID),

webuilt awebpage,whichcanbeveryusefulfor themicroarrayresearchcommu-

nity. This webpagewill becomepublicly available.

To illustrate the usefulnessof ACID we built an application,which canfind

commonregulatorymotifs in the upstreamsequencesfor genesby taking clone

identifiersasinput. We executedour applicationto find commonregulatorymo-

tifs for genesthatweresimilarly expressedby hypoxiatreatmentin a microarray

experiment.We alsobuilt anapplicationwhich cansearchfor TATA boxesin the

upstreamregions of all RefSeqs(genes)and from the resultsof this application

(TATA box searchor basalpromotersearch),to addresswhetherRefSeqstartpo-

sitions(which areusedfor retrieving upstreamsequences)reflectthetranscription

startsites.

Theresultsof thebasalpromotersearch(TATA box search)shows thatalmost

half of theupstreamsequencesof theRefSeqscontainTATA boxes(seetable3).

Moreover, table5 shows thattheseTATA boxesarefoundin many positionsin the

upstreamsequences.Taken together, this tells us thatRefSeqstartpositionsmay

not perfectlyreflectthe transcriptionstartsites. In theGenomeBrowser, thereis

an on-goingeffort to adda tablethat containsthe transcriptionstartsite for each

transcript,and in the future this information will also be available in ACID. It

will bestraight-forward to modify our application(motif search)to usethis table

insteadof usingRefSeqstartpositionsfor retrieving upstreamsequences.It will

be interestingto seehow our resultsfor the TATA boxes get modified. Never-

theless,looking at the specificapplicationof investigatinga commonregulatory
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motif for geneswhich areco-expressedunderhypoxia,we find a significantasso-

ciationbetweentheknown motif (HRE)andtheco-expressedgenes.In thefuture,

ACID is likely going to be extendedwith many moreusefulapplications,which

will benefitmicroarrayexperimentinvestigations.However, we notethat current

applications(motif search& basalpromotersearch)arenotonly applicablefor the

humangenomebut alsothemousegenome,andthat themotif searchapplication

is very usefulalreadyat thispoint.
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