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Abstract

The microarraytechnologyhasmadeit possibleto experimentallymea-
suretheexpressiorievelsof mary individualgenesimultaneouslyMicroar-
rayscan,for example,be usedto generategeneexpressionprofilesof cells
underdifferent ervironmentalconditions. Thesegeneexpressionprofiles,
canthenbe usedto clustergenesnto co-expressedjroups.lt is reasonable
to assumehat co-expressedyenesmay alsobe co-regulated,andthus may
shareregulatory sequence their non-codingregions. The aims of this
projectwere two-fold; first to build a software packagewhich cancreatea
dynamicdatabas@CID (arraycloneinformationdatabasegonsistingof in-
formationaboutthe clonesusedin microarrayexperimentsand second by
linking the clonesto the genome o investigatetheir transcriptionaregula-
tory regionsfor presencef regulatorymotifs andbasalpromoterregions.
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1 Introduction

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

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

the cell, DNA is storedin helical form with its complementanstrand,andeach
strandis usedasatemplateto make acomplementargtrandof itself (seefigure 1),

DNA is alwaysformedof the samefour typesof nucleotidegbases} A (adenine),
T(thymine), G(guanine),C(cytosine). RNA (ribonucleicacid) is single stranded
andit is acopy of oneof thestrandsof DNA. RNA is slightly differentfrom DNA,

sinceit hasU (uracil) insteadof T (thymine).

Figurel: Double-strande@®NA

Schematicallya nucleotidehasa 5’ endanda 3’ end. In a DNA strandthe 3’
endof eachnucleotideis attachedo the5’ endof theadjacenhucleotide.There-
fore a DNA strandhasa direction. By corvention, double-strande®NA is rep-
resentedy two strandsof sequenceasfollows; oneis startingatthe 5’ endand
continuingfrom left to rightto the 3’ endof themolecule andis calledthe positive
strandandthe otheris startingat the 3’ end and continuingfrom left to right to
the5’ endof the molecule,andis calleda negative strand,seefigure 2. RNA is
representetby a singlestrandsequenceandits directionis the same(5’ to 3") as
for the positive DNA strand

Figure2: Postie andnegative DNA strands
gl ATCGACGAATTAACTGAGACA ----3%

R TAGCTGCTTAATTGACTCTGT ----2

1.1 Thecentral dogma

A sggmentof DNA sequencdinformation)correspondindo a proteinis calleda
geneandit senesasthetemplatefor the synthesiof RNA, muchasit doesfor its



own replication. The majority of genesareexpressedsthe proteinsthey encode.
Theprocesoccursin two steps:

e Transcription= DNA to RNA

e Translation= RNA to protein

togethetthey make up the“centraldogma”of biology (seefigure 3): DNA to RNA
to protein. In general,proteinsare the moleculesthat carry out the functionsin
cells.

DNA directsthe synthesisof RNA by the transcriptionprocess,n which a
geneis transcribednto amessengeRNA (MRNA). MessengeRNA carriescoded
informationto ribosomeswhich readsthe mRNA sequenceanduseit to direct
proteinsynthesis.This procesds calledtranslation.Figure 3, alsoillustratesthe
processof proteinproduction. (Figure 3 is taken from National Health Museum
Graphicgallery: http:/mwwwaccesseellence.a/AB/GG/cental.html).

Figure3: The centraldogmaof molecularbiology
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In all cells, the expressionof genesis regulated. Insteadof manufcturing
its full repertoireof possibleproteinsat full tilt all the time, cells adjustthe rate
of transcriptionof differentgenesindependentlyaccordingto need. Stretchef



regulatory DNA areinterspersecamongthe segmentsthat codefor protein,and
specialproteinmolecules so-calledtranscriptionfactors,bind to thesenoncoding
regionsto controlthe local rate of transcription.The quantityandorganizationof

theregulatoryandothernoncodingDNA vary widely from oneclassof organisms
to another In this way, the total geneticinformation of a cell is embodiedin its

completeDNA sequencethe genomeof the organism.

Protein-encodingenesn Eukaryoteghigherorganismslamongotherthings,
have exons,whosesequenceactuallyencodego protein;atranscriptionstartsite;
abasalpromoteror corepromoterocatedwithin about40 bp of the startsite,and
an"upstream'promoter which may extendfartherupstream.

DA sedquence-specific
transcription factors

mliNA

Ill;” -MB-
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Figure4: Transcriptiorfactors

The basalpromoteris the transcriptionstart site, wheretranscriptionof the
geneinto MRNA begins. The basalpromotertypically containsa sequencef 6
baseqTATAAA) calledthe TATA box[11]. It is boundby TranscriptionFactor
[ID (TFID) which is a complex of some10 different proteinsincluding TATA-
binding protein (TBP) (seefigure 4). A basalor core promoteris found in all
protein-encodingyenes.

Mary differentgenesn mary differenttypesof cellssharethe sametranscrip-
tion factors- not only thosethatbind at the basalpromoterbut evensomeof those
thatbind upstreamWhatturnson a particulargenein a particularcell is probably
its uniquecombinationof promotersitesandthe expressiorievels of thetranscrip-
tion factorsthatbind to them.

Thelatestestimatesrethatthe DNA of ahumancell, containsapproximately
35,000genes.They areexpressedn thefollowing ways: 1) Someof thesegenes
are expressedn all cells all the time. Theseso-calledhousekepinggenesare
responsibldor the routine metabolicfunctions(e.g. respiration)commonto all
cells. 2) Someareexpresse@sacell entersaparticularpathway of differentiation.
3) Someare expressedll the time in only thosecells that have differentiatedin
aparticularway. 4) Someareexpresseanly asconditionsaroundandin the cell



change.For example,the arrival of a hormonemayturn on (or off) certaingenes
in thatcell. It is thereforeof greatinterestto investigatethe expressiorprofilesof
differentcellsundervarying conditionsto characterize¢heir geneticprograms.

1.2 cDNA microarray technology

Microarraysare revolutionary measuremendevices that allow biological explo-
ration on a genomicscale(Schenaet al. 1995). Microarraysallow for parallel
analysisof the expressionof thousandf geneshenceit is possibleto investi-
gatethe global variationin transcriptionakexpressionprofiles. cDNA microarray
assaysiseDNA base-pairindo indirectly measuresequencespecificmRNA con-
centrationsywhicharebelievedto reflecttheexpressiorevelsof genesThecentral
device of themethodis alibrary of mary DNA sequencesalledcloneswhichide-
ally arespecificfor onegeneeach,printedandimmobilizedonto a glasssurface.
RNA from asamplés corvertedto fluorescentljtaggeddNA, whichis hybridised
(base-pairedagainsthe printedlibrary, suchthatthe amountof DNA thathashy-

bridised(base-pairedo eachclonecanbe detectedvia fluorescencenicroscop.

In this way, the RNA expressiorievel in a samplecanbe measuredor all clones
printedonthe microarray(seefigure5).

Figure5: Microarraytechnology
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Microarrayexperimentsarenot only aboutvisualizingandquantifyingtheflu-
orescencsignalfrom a microarryexperiments put alsoaboutanalysinggeneex-
pressionunderexperimentalconditionsversusreferenceconditionsto determine
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whetherobsered differencesare significantor not. Thereare mary sourcesof
noiseandvariability in microarraydata,including experimentalsourcesasimage
scanninginconsistenciesissuesinvolving computerinterpretationand qualifica-
tion of spots,hybridizationvariablessuchastemperatureandtime discrepancies
betweenexperiments and experimentalvariationcausedy differential probela-
bellingandefficacy of RNA extraction. It is assumedhatco-expressedjenesmay
alsobe co-rgulated,andthus may shareregulatory sequence the non-coding
regionssurroundinghemin the genome.Therefore searchingor the presencef
commonregulatory motifs for genesthat are expressedn a similar fashionmay
furtherstrengthemesultsfrom geneexpressiorprofiling studies.

2 Project goals

Microarray experimentsoften end up with a large numberof geneswhich are of

interest. However, to obtaininformationaboutthe genesone by one may be ex-

haustingandthereforet is of useto build a databaseyhich canassistmicroarray
usersto extractup-to-datenformationaboutall clonesusedin microarrayexperi-
mentssimultaneouslyFor this aim we developedAciD (Array Clonelnformation
Database]5].

In microarraystudiesoneoftenfindsgeneghatareexpressedn a similarfash-
ion. It is assumedhat geneswhich are expressedn a similar fashionmay be
regulatedby commontranscriptionfactors. Thereforewe decidedto write an ap-
plication tool which canidentify commonregulatory motifs in the upstreamse-
guence®f thesegenes.Therearemary toolsavailablefor investigatingregulatory
regionsfor simplerorganismslike yeast(seefor example[6, 7]), sowe decided
to write anapplicationtool, which caninvestigatethe regulatoryregionsfor more
complex mamaliarspeciesuchashumanandmouse.To make it simplefor users,
this applicationshouldonly take microarraycloneidentifiersasinput, sothat mi-
croarrayusersneednotto searcHor genomanformation(chromosomestartbase,
endbaseandstrand)for eachclone,to extractupstreanregionsandto find regu-
latory motifs. In additionto finding regulatorymotifs, the applicationshouldgive
completeinformationaboutthe clonesfrom AciD.

MRNA RefSeqgqReferenceSsequenceareconsideredo be a comprehense,
integrated,non-redundansetof full-length transcript(RNA) sequencesn other



words “well-defined genes”[1]. So we decidedto use RefSeginformation for
ourresearchguestions.In particular we usethe mRNA RefSegassociatedvith a
geneasa startingpointandsearchor regulatorymotifsin the upstreanregionsof
RefSeggositionedin the genome A questionis, whethera RefSegstartposition
reflectsthe transcriptionaktartsite of the gene,which is crucial for our common
regulatorymotif searchto make senself not,theupstreanregionswe extractfrom
the genomesequencavill not be theregulatoryregions. To addresghis issuewe
investigatedhepresencef “core or basapromoters’in theseupstreansequences.

3 Materialsand methods

To getinformationthatis helpful in solving our researchgjuestionswe decided
to write packagegqsetsof relatedapplications),which can retrieve information
from the SantaCruz GenomeBrowser [2] and Genomedatabasd3], GenBank
[15] and the UniGenedatabasdhttp://mwwncbi.nih.ge/UniGene)and form a
new dynamicdatabaséor cDNA microarrayclonescalledAciD [5] (Array Clone
InformationDatabase)The SantaCruz browser& databaseontainsgenomese-
guencesvith annotatiorfor mary speciesncludinghumanandmouse.GenBank
is a repositoryfor measuredsequencedncluding very mary shortsequencesf

MRNA. Mary of theselatter sequencesorrespondo the samefull lengthtran-
script. Therefore,the mMRNA sequencein GenBankare partitionedinto non-
redundantset of gene-orientedtlusterscalled UniGeneclusters,suchthat each
clusterideally corresponddo a uniguegene. As more and more sequence$e-
comestoredin GenBank,UniGenegetsperiodicallyupdatedand eachversionis

assigned build number Packagesverewritten in suchway thatwe canretrieve

informationfor ary speciegresentn UniGene. To increasehe efficieng of re-

trieval of informationfrom AciD, the packagesreateindependentablesfor each
speciesDependingon the UniGenebuild numberof the speciesthe databasean
be updatedndependentlyjor eachspeciesBoth UniGeneandGenBankinforma-

tion weredownloadedfrom ftp://ftp.ncbi.nih.g@/repostory/UniGene

Currently Acib containsall Homo sapiensand Mus musculuscDNA clones
presenin UniGene.Theinformationfor eachcloneincludes:

¢ GenBankaccessiomumberdo sequenceeadg15]

e direction(5’ or 3’ read)of thesequenceeads
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e which UniGeneclusterit belongsto

e onwhichchromosomét is located

e cytobandinformation

e LocusLinkinformation[1]

e OMIM (Online Medelianinheritancen Man) information[14]
e its genesymbolandtitle

e its associatedeneOntologyterms[13]

o its associatedhRNA Reference&sequence(RefSeff].

AciD alsocontainsinformationdownloadedfrom the GenomeBrowser([3] about
whereRefSeqgq1] arepositionedn genomesCurrently thisinformationis based
on humangenomeassemblyhg13 and mousegenomeassemblymm2 [3]. The
RefSednformationfrom the genomewhich we have in our databaséncludes:

e which chromosomat is locatedon
e startandendbaseonthechromosome

e cytobandinformation

Theabove RefSegnformationis requiredto retrieve theupstreanregionsfrom the
genomesequencedp investigategor regulatorymotifs aswell asfor TATA boxes.

For humans(using UniGenebuild number160) ACID contains2.5 million
cDNA clonesand 3.2 million EST sequencebasedon a approximatelyl11,000
UniGeneclusters. 18,2620f the clustersare representedby at leastone RefSeq
MRNA sequenceFor mouse(usingUniGenebuild numberl20),the correspond-
ing numbersare2.5million clones 3.1 million ESTsequencegndapproximately
90,000clusterg(12,860with a RefSegsequence)Thedatabasés implementedn
MySQL andapplicationsarewrittenin Perl.

We have decidedto write the applicationsin Perl becausebiological datais
storedin enormouglatabaseandtext files. Sortingthroughandanalyzingthis data
by hand(andit canbe done)would take far too long, sothe smartscientistwrites
computertools to automatethe process.Perl, with its highly developedcapacity
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to detectpatterndn data,andespeciallystringsof text, is the mostobviouschoice
of programmindanguage The MySQL databasés efficientandsolaceenoughto
implementbioinformaticprojectsandmoreawer it is free of cost.

3.1 ACID architecture

A hugeamountof cloneinformationis traditionallystoredn aflat files by different
organizations for examplein the SantaCruz GenomeBrowser[2, 3], UniGene
andGenBanl{15]. To searchinformationaboutcloneswe needto go to different
webservices.And to searchinformationin aflat file is tediousandlaboriousjob,

sowe decidedto build AciD [5], which will hold publicly availableinformation
for clonesusedin microarrayexperiments. Our ambitiousaim is to provide as
muchinformationaboutclonesaspossible.This databas€¢A cip) will be updated
automaticallydependingon the UniGenebuild numberof the speciesthereforeit

containsup-to-dateanformation. Figure6 shavsthearchitecturef Acip. Thefirst

layeris the Perllayer, which downloadsthe givenspeciesnformationaccordingo

their build number If the build numberof the speciedn the UniGenedatabasés

greaterthanthe build numberof the speciegresentin our databas€AciD), then
the informationof that speciess downloaded which will bein theform of huge
flat files. This Perllayer parsesdownloadedhugefiles to getthe informationwe

neededandstoresit in AcCID in anorderlyfashion.For every new specieswhich

arenot presentin Acip; the Perllayerdynamicallycreatesew tablesandstores
the informationof that species.In the next layer, the CGl layer, we usethe CGI

(CommonGatevay Interface)scriptinglanguageo build a web pagefrom where
end userseasily can searchfor the information using clone identifiers, RefSeqs
or genesymbolsasinputs. The web pageis built in sucha way that one can
choosewhich informationto be shavn, for example,information relatedto the

GeneOntology UniGene,the GenomeBrowser and clone location (seefigure

7). Maintainenceof this databas€AciD) is very simple, just to executea small

applicationof 5 to 6 linesandthe completedatabasevill beautomaticallyupdated
with up-to-dateinformationby comparingthe build numberspresentin Acib to

UniGenebuild numbersof the species.
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Figure6: AciD architecture
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4 Motif search

4.1 Datafor investigating regulatory motifs

We decidedo testourapplicationusingdatafrom amicroarrayexperimentTime-
dependentranscriptionakhangesn a breastcancercell line causediy hypoxia”
[8]. Hypoxia,hereby growing cellsatalow oxygenrate,inducegheactvity of the
HIF-1 protein[9], which is atranscriptionfactor HIF-1 is thoughtto play ama-
jor regulatoryrole in the cellularresponsdo hypoxia[9]. The aim of that project
wasto investigatethe time dependeng of transcriptionakchangegiueto in vitro
hypoxiatreatmentof breastcancercells. Microarrayscontaining27,000clones
wereusedto analyzegeneexpressionpatternsat differenttime pointsof hypoxia
treatment. The datasetwasfiltered for quality andreducedo 15,000genes.Of
thesel5,000genes570werefoundto be differentially expressediueto hypoxia.
We wantedto investigataf the geneghatwereaffectedby the hypoxiatreatment
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Figure7: An exampleof anAciD query
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containsa commonregulatorymotif. HIF-1 is known to bind to the hypoxiareg-
ulatory element(HRE) that hasthe consensusnotif: 5’-G/C/T-ACGTGC-G/F3’
[10]. We usethis motif sequenceasinput for our applicationtool to seeif it is
sharedby the genedifferentially expressediueto hypoxia. The motif sequence,
whichis oneof theinputsto our applicationshouldbein matrix format;thevalues
in the matrix correspondo eachnucleotideat that position. We decidedto assign
thevalue0.3to G, C andT whenthey arein thefirst positionand0.5to G and T
whenthey arein the 8th positionin the sequenceln this way, we turnedthe HRE
consensumotif into thematrixin tablel.

Tablel: Samplemotif matrix (G/C/T-FACGTGC-G/T)
|Pos| 1 [2][3]4]5]6]|7] 8]
0|1|0/0]|0|0]|0O]| O
0.3 0.5
0.3 0.5
0.3 0

llelle]
llelle]

oo H>

ol oO| o
Ol O
oo
Ol O

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 sequencéGTGCTGCC” upstreanof a gene,it will be given the score
0.3+0+0+0+1+1+1+6 3.3. Thus,eachsequencéoundin anupstreanregion can
begivenascorefor how similarit is to the motif of interest.

4.2 Application

The purposeof this applicationis to searchfor sharedregulatory motifs in the
upstreanregionsof clusteredgenes.lt is subdvided into two parts. Thefirst in-
volves automationof the processof extracting the sequencesf the regions one
wants,which could be of ary length. The secondphaseinvolves searchingfor
sharedregulatory motifs in theseextractedupstreanregions usinga given motif
matrix.

421 First phase

The applicationretrieves the RefSeginformationfrom AciD correspondindo a
given setof microarrayclonesandusesthe positioninformationfor eachRefSeq
to extractits upstreanregion, by scanningthroughthe sequencef the relevant
chromosome.If the RefSeqis locatedon a negative strand,thenthe application
takesthe dowvnstreanregion of a givenlengthin basesstartingfrom the endpo-
sition of the RefSegon thechromosomendreverse-complemenis Thisis done
sincethe chromosomesgvhich we have downloadedirom Genomebrowserarethe
postive strandin thedirection5’ to 3'. If the RefSeds locatedon a positive strand
thenthe applicationtakesthe upstreanregion of a givenlengthendingat the start
positionof the RefSeqgon the chromosome.

The input usedfor retrieving the upstreanregions arethe startbaseandend
baseof the upstreanregion relative to the position of the RefSeqin the genome
(eg., startbasel andendbase10,000). If the startbasds a positive integer, for
example,if the startbaseagiven is 200 andthe endbaseagiven is -10,000,the ap-
plicationextracts10,200base®f upstreanregion, includingthefirst 200 baseof
theRefSeqgene).Thisapplicationis flexible to retrieve baseslsofrom insidethe
RefSeqsincethe RefSegpositiononthechromosomenaynot exactly correspond
to thetranscriptiorstartsite. Sowe decidedo write anapplicatiorwhich caneven
retrieve basesnsidethe geneandthis maybe usefulfor otherinvestigations.
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Figure8: Upstreanregionfor agene
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Thegreenarrows in figure 8 shaws the transcriptionof two RefSeqgqgenes),
oneon eachstrand. On the positive strand,the RefSeqgreadsfrom 5’ to 3’, and
the applicationtakes the upstreanregion startingfrom the greenline to a given
lengthupstreamin the directionto 5’. On the nggative strand,againthe RefSeq
is alsoreadfrom 5’ to 3' andthe applicationtakesthe upstreanregion from start
(correspondso the end baseon the genomesequencedf the RefSeqto a given
lengthupstreanin the directiontowards5’. Therangeof the upstreanregion is
denotedwith startingbaseas-1 andendingendingbasewith thegivenlength(eg.,
-10,000bases).

4.2.2 Second phase

For eachretrieved upstreanregion, theapplicationscanghroughthesequencand
searchegor a given motif andits positions. We decidedto find motifs andtheir
positionson both strands(positive and negative), sinceproteinstypically bind to
double-stranded®NA. This applicationscansthroughthe upstreamsequencen
windows with the samelength asthe motif we arelooking for. Eachbasein a
window is givena valueaccordingto its positionin the motif matrix, the window
is thengivena scoreby summingup thevaluesfor eachbase.

Figure9: Motif searchfor a geneonthepositive strand
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-10000 -1 200
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If the RefSeqis locatedon the positive strandthe applicationsearchedor a
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motif in the upstreanmregion using a given motif matrix (example motif matrix
shawvn in table 1). Figure9 shavs a “TACGTGCG” motif found on the positive
strandandthe scoreis 6.8 usingthe motif matrixin tablel.

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

This applicationdecidesthe presencef a motif dependingon a given cutof
value for the score. If the cutof valueis greaterthan equalto 6 for the above
motif matrix, thenthe motif sequenc@resenbntheupstreanregionis “T/A/G/C-
ACGTGC-T/AIG/C".

Sinceproteinstypically bind to thedouble-strande®NA, we alsolook for the
motif onthe negative strandevenif theRefSegs onthepositive strand.Searching
on the nggative strandfor the motif 5’-TACGTGCG-3’ corresponds$o searching
onthe postie strandfor its reversecomplemens’-CGCACGTA-3’ ascanbeseen
in figure 9. Thereforethe applicationlooks for both the motif and its reverse-
complemenbn the positive strand.

Figure10: Motif searcHor ageneonthe nggative strand

Gene on negative strand Motif (+)

7

. COOACGTA TAC C iy

RefSeq

o CAT A CAC Cs

200 -1 -10000
“‘-15 Motif (-)

If the RefSeqis locatedon a negative strand the applicationfollows the same
procedureasit performedwhenthe RefSeqwaslocatedon the positive strand.In
this casethe applicationcomplementsndreverseshe retrieved upstreanregion,
sincethe chromosomesequencdrom the genomeassemblyis the positive strand
in thedirection5’ to 3’, asshawvn in figure 10.
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5 Basal promoter search

5.1 Datafor basal promoter regions

We decidedto investigateTATA boxes (basalpromoter)[11] usingthe upstream
regionsfor all RefSeqgresenin AciID.

5.2 Application

The purposeof this applicationis to searchfor TATA boxes,thatis searchingor

the sequencéTATAAA” [11] in the upstreanregionsfor the RefSeqsretrieved

from AciD. It is alsosubdvided into two parts. Thefirst involves automationof

the processf extracting out the region onewants(could be of ary length). The

secondphasenvolves searchingor TATA boxesin theseupstreanregions. This

applicationfunctionis similarto the previousapplication but insteadof searching
for agivenregulatorymaotif, it searche$or “TATAAA” only onthe samestrandas
theRefSeq(seefigure11)

Figurell: TATA boxsearchor genes

Positive Strand EefSeqy
5 Lmmmmmmmmem—- Upstream Region T' 4 T A4 4 3
- 2000 1 200
RefSeqy
7 AAAT AT Upstream Region =========n=: > 5
200 -1 - 2000
6 Results

6.1 Motif search

We executedthe motif searchapplicationfor both the hypoxia regulatedset of
clonesandall the 15,000geneghatsurvivedfiltering. We usedthemotif matrixin
table1l andanupstreaniengthof 10,000(startbase= -1 andendbase= -10,000).
Theapplicationstoresresultsin aflat file in the following fashion:
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Sampleoutput: (Motif Search)

>136303| NM_021168| chr 16| +| 661572| 700548| RAB40C| RAB40C, nenber RAS oncogene family

Mot i f Strand Seq St art Pos EndPos Score
GACGTGCT - AGCACGTC -1174  -1181 6.8
TACGTGCT - AGCACGTA -1448  -1455 6.8

>2547341| NM_006516| chr 1| - | 42395077| 42428060| SLC2A1| sol ute carrier famly 2, nenber 1
Mot i f Strand Seq St art Pos EndPos Score
NF NF NF NF NF NF

>241705| NM_002863| chr 14| - | 45168037| 45207149| PYG.| phosphor yl ase, gl ycogen; |iver

Mot i f Strand Seq St art Pos EndPos Score

TACGTGCG - TACGTGCG -8319 -8312 6.8
GACGTGCT - GACGTGCT -364 -357 6.8
GACGTGCG + CGCACGTC -4275 -4282 6.8

>824933| NM _013410| chr 1| +| 64533461| 64612267| AK3| adenyl at e ki nase 3

Mot i f Strand Seq St art Pos EndPos Score

GACGTGCG + GACGTGCG -2400 -2393 6.8
CACGTGCG + CACGTGCG -354 -347 6.8
CACGTGCT - AGCACGTG -760 -767 6.8

The sampleoutputcontaincloneinformationthatbeginswith '>" andis sepa-
ratedby pipe symbols(“|]"), it includes

e cloneidentifier

e RefSeq

e chromosomdor RefSeq

¢ strandfor RefSeq

o startpositionof RefSegn GenomeBrowser
e endpositionof RefSegn GenomeBrowser
e genesymbol

e genename

It alsocontainsmotif searchinformationthatincludes

e which motif the applicationfound (Note: Motif directionis alwaysfrom 5’
to 3"
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onwhich strand

theactualsequencén theupstreanregion

startpositionof the motif in theupstreanregion

endpositionof the motif in theupstreanregion

score

Using AciD, we could associate324 of the 570 clonesfound to be differentially
expressediy hypoxiato a RefSeqwith positionin the humangenome.The cor

respondinghumberfor the otherclones(not regulatedby hypoxia)was7438. We
foundthat85 clonesof the hypoxiaregulatedgroupand545 clonesof the general
groupcontainthe givenmotif (seetable?).

Table2: Resultgablefor motif searchin the hypoxiadataset

Clones containmotif | donotcontainmotif | Total
ExpressiorRegulatedby Hypoxia 85 239 324
Expressiomot Regulatedby Hypoxia 545 6893 7438
7762

Theodds-ratidor thevaluesin table2 is (85/239)/(545/688) = 4.5. Thisodds-
ratio of 4.5indicatesthatthereis anassociatiorbetweerthe motif andthe clones
with expressionaffectedby hypoxia. If therewould be no associationthe odds-
ratio is expectedto be equalto 1. To investigatethe significanceof the odds-ratio
deviating from 1, we submittedthe valuesof table2 to Fishers exacttest[12] and
got the p-value<=2.2*10'¢. This p-valueroughly correspondso the probability
to getsuchanoveralundanceof motifs for the hypoxiaaffectedgenesy random
chancegiventhe overall numberof genesn the datasetwith the motif.

6.2 Basal promoter search

A basalpromotersearcH TATA box search)searchindgor TATA boxes(TATAAA)
[11] is importantto confirm the resultsof our researchguestion(motif search),
sincethe start positionsof RefSeqsshouldreflectthe transcriptionstart sitesof
the genesfor our commonregulatory motif searchto make sense.We decided
to executeour application“Basal promotersearch’for all RefSeqresenin our
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databas€AciD). The databaseAciD containsinformationfor 17,295RefSegs.
We executedthe applicationfor all 17,295RefSeqgswith upstreamlength 2000
basesndthesequenc&TATAAA” asinputs,andcameoutwith resultsasfollows:

Table3: TATA box searclresults
containsequencéTATAAA" | No. RefSeqs
Yes 8,429
No 8,866
Total 17,295

Table3 shavsthat8,429RefSeqdave TATA boxes(TATAAA) and8,866does
not have TATA boxes(TATAAA) in theirupstreanregionsof length2000bases.

Table4: Numberof TATA box hits for the RefSeqs

Numberof hits | Numberof RefSeqs
0 8,866
1 5020
2 2065
3 813
4 328
5 126
>5 77
Total 17,295

Table4 shavs thenumberof TATA boxhits for theRefSeqsTable5 shavs for

Table5: TATA box positions

Upstreambase-pairsange | No. of RefSeqs
0-100 714
100- 200 369
200- 500 1507
500- 1000 3269
1000- 2000 7874

the upstreamintervals 0 - 100,100- 200,200- 500,500- 1000and1000- 2000
basesthenumberof RefSeqshathave TATA boxesin theintervals. The outputof
theapplicationis storedin aflat file in thefollowing fashion:
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Sampleoutput: (TATA box search)

NM 020472 51 chr X 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 IL1IRL1 -1728, 142

NM 016232 66 chr2  + 1 ILIRL1 33

NM 007327 105 chro  + 0 R N1

NM 031846 167 chr2  + 2 MAP2  -1292,-611

NM_ 002600 188 chri  + 6 PDE4B - 1896, - 806, - 798, - 686, - 592, - 509

7 Discussion and outlook

We developedAciD, a databasavhich containsinformation about microarray
clones.Toretrieve informationaboutmicroarrayclonesfrom ourdatabaséAciD),
we built awebpage which canbevery usefulfor the microarrayresearcltommu-
nity. Thiswebpagewill becomepublicly available.

To illustrate the usefulnesof AciD we built an application,which canfind
commonregulatory motifs in the upstreamsequence$or genesby taking clone
identifiersasinput. We executedour applicationto find commonregulatory mo-
tifs for geneghatweresimilarly expressedy hypoxiatreatmentin a microarray
experiment.We alsobuilt anapplicationwhich cansearchor TATA boxesin the
upstreamregions of all RefSeqggenes)andfrom the resultsof this application
(TATA box searchor basalpromotersearch)to addressvhetherRefSegstartpo-
sitions(which areusedfor retrieving upstreansequencegkeflectthetranscription
startsites.

Theresultsof the basalpromotersearch TATA box searchshovs thatalmost
half of the upstreansequencesf the RefSeqsontainTATA boxes(seetable 3).
Moreover, table5 shavs thattheseTATA boxesarefoundin mary positionsin the
upstreansequencesTakentogether this tells us that RefSegstartpositionsmay
not perfectlyreflectthe transcriptionstartsites. In the GenomeBrowser thereis
anon-goingeffort to adda table that containsthe transcriptionstartsite for each
transcript,andin the future this informationwill also be availablein Acip. It
will be straight-forvard to modify our application(motif search}o usethis table
insteadof using RefSegstartpositionsfor retrieving upstreanmsequencesit will
be interestingto seehow our resultsfor the TATA boxes get modified. Never-
theless,Jooking at the specificapplicationof investigatinga commonregulatory
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motif for geneswhich areco-expressedinderhypoxia,we find a significantasso-
ciationbetweerthe known motif (HRE) andthe co-expressedjenesin thefuture,
AciD is likely goingto be extendedwith mary more usefulapplicationswhich
will benefitmicroarrayexperimentinvestigations.However, we notethat current
applicationgmotif search& basalpromotersearchirenotonly applicablefor the
humangenomebut alsothe mousegenome andthatthe motif searchapplication
is very usefulalreadyat this point.
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