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Abstract

A DNA microarrayexperimentvasperformediusingachipof typeHU6800.
PrincipalComponenAnalysisandclusteringvasperformedo revealgroup-
ingsin the samples. A statisticalanalysiswas performedto reveal genes
differentially expressedetweerthe catgyories. A correspondencanalysis
was performedto identify genesassociatedvith the individual cateyories



andexperiments Signi®cantlyregulatedgeneswith unknavn functionwere
analyzedor propertiesof the encodedroteinsandtheir functionpredicted
usingthe ProtFunsoftware. The TRANSFATH andKEGG databasewere
searchedor differentiallyexpressedjenesannotateanknown signaltrans-
ductionor metabolicpathways. The promoterregionsof differentially reg-

ulatedgenesveresearchedor regulatoryelements.

1 Intr oduction

This reportwas generatecautomaticallyby the GenePublisheautomaticDNA
microarrayanalysissysterﬁ.

Guideto interpretatiorof results: rst look atthe MVA plotsbeforeandafter
normalizationto seeif therearearny obvious outlying chips (high varianceand
steepslope).Outlying chipsmayalsobeidenti ed in thechip clusteringthe PCA
or theKNN classi er. Thenlook atthetableof geneswith signi cant changesn
expression.Help in interpretingthe biology of thesegenesmay comefrom the
LocusLink (if available),andfrom the TRANSFATH andKEGG analysis.Typi-
cally, oneor moregenesonthis list needto beveri ed asdifferentiallyregulated
by anothemethodbeforepublication,for examplea quantitatve PCRagainsthe
messengeRNA or animmunoassaggainstheprotein. Thegeneclusteranalysis
is usuallyonly of interestif thereare morethantwo conditionscomparedn the
experiment.Whethertherearetwo or moreconditions,you maylook at the pro-
moteranalysis.Thelist of potentialpromoterelementsnaybeoverwhelming put
you cantry to look for elementghatarefound by morethanonemethod,or ele-
mentsthatshowv up in geneswith arelatedrole or function. For moreinformation
on the analysismethodsusedin this report,seeKnudsen,S. (2002) A Biologist's
Guideto Analysisof DNA Microarray Data. Wiley, New York.

2 Materials and Methods

This sectiondescribesheanalysisn generaterms.Detailsof the parameterand
methodausedcanbefoundin the appendixsectionof this report.

2.1 Experimental Details

The purposeof this studyis to measurehe effect of HIV-1 on the transcription
of genesn theinfectedhostcell. The humancell line MT4 wasinfectedin vitro

IKnudsen,S., Workman,C., Sicheritz-PontenT., andFriis, C. (2003) GenePublisherAuto-
matedAnalysisof DNA MicroarrayData.Nucleic Acids ResearchVol. 31,No. 133471-3476



with HIV-1. Control culturesweregrown without HIV-1 infection. After 7 days
of growth of the controlculturescellswerehanested RNA extractedandrunon

Affymetrix chips. Thesechipswere comparedo chipsrun on HIV-1 infected
culturesharnested7 daysafter infection. Replicateswere performedto assure
reproducibilityandallow measuremerdf experimentalariation.

2.2 Statistical Analysis

ThestatisticalnalysisvasperformedisingtheR statisticgorogrammingerviron-
mentavailablefrom www.r-project.og. Falsepositive predictionswereassessed
by multiplying P-valueswith the numberof genesandby performinga permuta-
tion of thedata.

2.3 Array Normalization

The individual chips were madecomparableo eachother by applying the gs-
pIineH method. Qsplineis a robust non-linearmethodfor normalizationusing
array signaldistribution analysisand cubic splines. Qspline ts cubic splinesto
the quantilesof the arraysignaldistribution, andusesthosesplinesto normalize
signalsdependentn theirintensity

2.4 Expressionindex calculation

For eachgene the expressionindex wascalculatedbasedon the probesby using
theLi-Wong ModeI-BasecExpressionndeﬁ. This modeltakesinto accounthat
probepairs responddifferently to changesn expressionof a geneandthat the
variationbetweerreplicatess alsoprobe-paidependent.
Themodel-basedxpressiorindex for eachgeneis calculatedas:

where isascalingfactorthatis speci c to probe andis obtainedby tting
a statisticalmodelto a seriesof experiments.

The modelis run without the mismatch(MM) probes,using only perfect
match(PM) probeinformation,by specifying’Backgroundcorrection”as’bg.adjust”.

2Workman, C., JensenL.J., Jarmey H., Berka, R., Saxild, H.H., Gautier L., Nielsen,C.,
Nielsen,H.B., Brunak,S,andKnudsenS. (2002)A new non-lineamrmethodfor reducingvariance
betweerDNA microarrayexperiments GenomeBiology 3(9):0048.

3Li, C.,andWong,W. H. (2001). Model-basedinalysisof oligonucleotidearrays:Expression
index computatiorandoutlier detection.Proc. Natl. Acad. Sci. USA98:31-36.



This usesa model-basedackgroundsubtractionfrom PM probeE. This latter
PM-bg methodis preferredover PM-MM methodsbecauseéhe resultingnoise
level is lower andbecausaegative expressionvaluesareavoided.

2.5 Clustering and PCA on chips

Beforeary statisticalanalysisvasperformedall geneson the chip wereusedfor
a hierarchicalclusteranalysisand principal componentanalysisto discover ary
groupingin thedata(chips).

2.6 Classi cation

Threechipclassi erswereautomaticallybuilt ontheinputdata,andcross-alidated
usingtheleave-one-outross-alidationprincipleasfollows. K NearestNeighbor
(KNN) classi cation was performedfor eachchip by comparingit to the three
nearesneighborgK=3) amongthe remainingchips. The predictedclassof the
chipswasthe majority classamongthe threeneighbors.For very small datasets,
aK=1 classi er maybemoreaccuratesoclassi cationwasperformedwith only
oneneighboraswell.

For the NearesiCentroidclassi er (NC), eachchip wascomparedo the cen-
troids of the classedor the remainingchips. The predictedclassof the chip was
the classof the nearestentroidusingEuclideandistance.

No featureselectionwasperformedor theclassi ers.

2.7 Statistical Signi cance

Differentially expressedyenesbetweenwo cateyoriesof replicatedexperiments
wereidenti ed by applyingthet-test. The P-valuescalculatedor eachgenewere
usedto calculatea FalseDiscovery Ratél. It is possibleto specifyuseof a paired
t-testin the parameterle.

2.8 Analysis of Variance

Differentially expressedyenesbetweenmore than two categoriesof replicated
experimentsvereidenti ed by applyingan Analysisof Variance(ANOVA). The

4 Irizarry, RA, Hobbs, B, Collin, F, BeazerBarclay YD, Antonellis, KJ, Scherf, U,
Speed, TP (2002) Exploration, Normalization, and Summariesof High Density Oligonu-
cleotide Array Probe Level Data. Acceptedfor publication in Biostatistics., Available at
http://biosun01.biostat.jhsph.eduifzarr/

5Benjamini, Y., and Hochbeg, Y. (1995) Controlling the False Discovery Rate: A Practical
andPowerful Approachto Multiple Testing.J. R. Statist.Soc.B 57:289-300




P-valuescalculatedor eachgenewereusedto calculatea FalseDiscovery Ratdl.

2.9 Log fold changecalculation

The logarithm of the fold changeof geneexpressionwas calculatedin orderto

obtaina symmetricdistribution of regulationaroundzero(upregulatedgeneshave
positive logfold values,donvnregulatedgeneshave negative logfold values). Ex-

pressiornvalueslessthanl1 weresetto 1 beforecalculatingthelog fold changéan

orderto avoid negative expressionvaluesthatcanoccurif mismatchprobevalues
aresubtracted.

2.10 GeneClustering

Hierarchicalclusteringwas performedusing the ClusterExpressoftware devel-
opedby ChristopheMorkman. Distanceswvere calculatedasthe anglebetween
vectors,andthe expressionvaluesvisualizedasthe logarithmof fold changerel-
ative to the averageof category A.

2.11 Correspondenceinalysis

Associationdetweencatgyoriesandgenessigni cant in the statisticaltestwere
visualizedwith correspondencanalysis.Expressiorvalueswere rst corverted
to positive numberdy settingall negative numbergo zero. After correspondence
analysis,genesandexperimentsvereplottedin the sameplot usingthe rst two
principalcomponen&

2.12 GeneAnnotation

Genesvereannotateavith GeneOntologiedwww.geneontologyrg), which pro-
videsa uniqueidenti er for eachgeneknown to beresponsibldor a cellularpro-
cessor function. Geneswveregroupedaccordingto high-level functioncateyories
in the GeneOntology database Genesgroupedundermorethanonefunctional
category were only countedonce. Geneswere matchedto the KEGAH (Kyoto
Engyclopediaof Genesand Genomes)escriptionof known cellular pathways

6Benjamini, Y., andHochbeg, Y. (1995) Controlling the False Discovery Rate: A Practical
andPowerful Approachto Multiple Testing.J. R. Statist.Soc.B 57:289-300

’Fellenbeg, K., Hauser N. C., Brors, B., Neutzney A., Hoheisel,J. D., and Vingron, M.
(2001), Correspondencanalysisappliedto microarraydata. Proc. Natl. Acad. Sci. USA
98:10781-10786.

8KanehisaVl, Goto S, KawashimaS, NakayaA. °TheKEGG databaseat GenomeNet.Nu-
cleic Acids Res.2002Jan1;30(1):42-6.



(http://www.genome.ad.jp)For genesnatchingmorethanonepathway, only one
pathway is shavn. Genesverematchedo the TRANSRATHE databasef signal
transductiofwww.gene-rgulation.com)If genesnatchmorethanonepathway,
only onepathway is shavn.

2.13 Protein Function Prediction

For thosegeneswherea geneontology numberhasnot beenassignedand the

function hasnot beeninferred by homologyto anotherprotein, an attemptwas

madeat predictingthefunction usingtheProtFu@ method.TheProtFunmethods
predictsthefunctionnotbasednhomology but basednpropertiesof theprotein

sequencaswell aspredictedfeaturessuchaspost-translationainodi cation.

2.14 Promoter analysis

Upstreamregions (5000 bp for human,300 bp for yeast)were extractedfrom
the genesof eachclusterusing Ensembl(www.ensembl.ay) or GenBank. The
softwareprogramsacapatterngi wasrun on eachclusterto identify signi cantly
overrepresentegatternsin the upstreanregions. sacapatternslooks for con-
sened (identical)patternan sequencest doesnot allow for degeneratiorof the
pattern.

TheGibbssampIelE wasrun on the sameupstreanregions. The Gibbssam-
pler looks for degenerateatternswhich it tries to capturewith a weight matrix
description. In all sequenceghe bestmatchto this weight matrix is shavn in
the output. The Gibbssamplerstartswith a nev randommatrix every time andis
non-deterministicmeaninghatit maygive differentresultseverytimeit is run.

Thetranscriptiorfactorbindingsitesin the TRANSFACH] databaseverematched

9Krull M, VossN, Choi C, PistorS, Potape A, WingenderE. ° TRANSRATH: anintegrated
databaseon signal transductionand a tool for array analysi$. Nucleic Acids Res. 2003 Jan
1;31(1):97-100.

03ensenl,. J.,Gupta,R.,Blom,N., Devos,D., Tamames).,Kesmit C., Nielsen H., Staerfeldt,
H. H., Rapacki,K., Workman,C., AndersenC. A. F,, Knudsen S.,Krogh, A., Valencia,A., and
Brunak. S. (2002)Ab initio predictionof humanorphanproteinfunctionfrom post-translational
modi®cationsandlocalizationfeatures.Journalof MolecularBiology 319:1257-1265

Jensenl.J. and S. Knudsen,(2000) Automatic Discovery of Regulatory Patternsin Pro-
moterRegionsBasedon Whole Cell ExpressiorDataandFunctionalAnnotation.Bioinformatics
16:326-333.

12| awrence Altschul, Boguski,Liu, Neuwald & Wootton (1993)°DetectingSubtleSequence
Signals:A GibbsSamplingStrateyy for Multiple Alignment®,Science262:208-214.

13 Matys V, Fricke E, Geffers R, GosslingE, HaubrockM, Hehl R, HornischerK, KarasD,
Kel AE, Kel-MargoulisOV, Kloos DU, LandS, Lewicki-Potapw B, MichaelH, MunchR, Reuter
I, RotertS, Saxel H, ScheemM, Thiele S, WingenderE. °TRANSFAC: transcriptionakegulation,
from patterngo pro®les.NucleicAcids Res.2003Jan1;31(1):374-8.




againstthe sameupstreanregions. Factormatriceswith hits morethan95% of
the maximalscoreof the matrix wererecorded.
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Figurel: M versusA for all chip-to-chipcomparison®eforenormalization. The diago-

nal shavs the namesof the chipsbeingcomparedThelower triangleshavs the variance

of the ratios betweenthe two chipsbeingcompared.Two identicalchipsshouldhave a

varianceof zero. Look for badchipsin this®lot. They arerevealedby a highervariance

in comparisongo the otherchipsandby a consistenturvaturewhencomparedo other
chips (indicatinglow amountof hybridization). The comparisons limited to 10 chips

versuslO chips.
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Figure3: Hierarchicalclusteringof cateyoriesusingEuclideandistancebetweervectors
of all genesandcompletdinkage.

3 Results

3.1 Normalization

Figurelllshovs acomparisorof all chipsbeforenormalization.Thisis aso-called
M versusA plot; insteadof plotting eachprobeon onechip againsieachprobeon
anotherthescalesarechangedsoit plots,for eachprobe thelogarithmof thera-
tio of expressiorbetweerthetwo chipsasafunctionof thelogarithmof themean
of theexpressiorof thetwo chips. Two identicalchipswould yield a straight, at

line throughzero. Two comparablehipsideally have a straight, at line through
zeroanda few probesoff theline indicatingdifferentialexpression Deviation of
the line from zerorevealsa needfor normalizationbeforethe two chipscanbe
comparedanddeviationfrom astraightline revealsa needfor non-lineamormal-
ization (differentnormalizationfactorsfor highly andweakly expressedjenes).

Figureld shavs the comparisorof all the chipsafternormalization.

3.2 PCA and clustering of chips

All chipswereclusteredbasedon the Euclideandistanceof all geneg(Figureld).
Sucha clusteringshows the relationshipbetweenindividual chips,in particular

10
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Figure4: PrincipalComponenfnalysisshaving all chipsplottedaccordingo their ®rst
two principalcomponents.

if the clustertogetherin the categyoriesthey have beenassigned.If they do not
clustertogetherin the cateyoriesassignedor if onechip clustersseparatelythis
may beindicative of a problem,for exampleanoutlier (badquality) chip. In that
casetheanalysisshouldberepeatedvithoutthatchipto seeif theresultsfrom the
statisticalanalysisncreasen signi cance.

Anotherwayto look atthesamanformationis to look atthe rst two principal
components.Figured shavs a principal componentanalysisof the individual
chipsin orderto determineary structurein the relationshipbetweenchips. The
PCAis basednall genes.

3.3 Classi cation of chips

A K nearesheighbor(KNN) classi erwasbuilt to classifychipsbasedntheex-
pressiorof all genesEachchip wascomparedo all otherchipsandthe cateyory
assignmenbf the threeclosestchips (k=3) in Euclideangeneexpressionspace
wasusedto predictits categyory. Tablell shows the predictionfor eachchip. The

11



total accuray of classpredictionreachedvas100and100percentfor ak=1 and
a k=3 classi er, repectvely. It may be possibleto improve on this accurag by
selectingpredictve genesandby optimizing the numberof nearesheighbor.
Doing this, however, will necessitatanevaluationon anindependentestsetthat
wasnot usedfor optimizingtheclassi er.

A NearestCentroid(NC) Classi er wasbuilt aswell. Insteadof the closest
chipin Euclidearspacetheclosestclasscentroidwasusedto predictthe classof
eachchip. Thetotal accurag of classpredictionreachedvas100 percent.Also
here the performancenaybeimprovedby usinga selectionof genes.

Tablel: Predictionof the KNN andNC Classi®ers

Chip Cataoryassignedn input PredictionK=1 PredictionK=3 PredictionNC

Ctrll1 A A A A
Ctrl2 A A A A
Ctrl3 A A A A
HIV1 B B B B
HIV2 B B B B
HIV3 B B B B

3.4 Statistical Analysis

The cutoff in P-valuesusedwas0.000946. 100 geneshad P-valuesbelow that
cutoff andarepresentedh Table@d andTablel3 below. At thatcutoff, we expect7
falsepositve geneq0.000946*712Yeneonthechip). Thatmeanghatwe have
afalsediscoveryrateof 0.07in Tableld andTablel3 (7/100). We have, however,
no way of knowing which genesare falsepositive unlesswe verify the ndings
with anindependeninethod.

The genesare divided into upregulatedgenes(Table[?) and downregulated
genes(Tabled) and ranked accordingto P-value. The most signi cant gene
(rank=1)is ranked at the top, the leastsigni cant geneis ranked at the bottom.
For eachgenethereis alist of geneontologyannotation§GO), if available.Infor-
mationonthe P-valuesandexpressiorevelsof all genesonthearrayis available
in the le all.annotated.genes the samedirectoryasthis report.

In the AdobeAcrobat(PDF)versionof thisreport,theprobelD is hyperlinked
to the LocusLink databaséif available). Clicking on the probelD will take you
to adetaileddescriptionof thegenein thatdatabase.

12



Table 2: The top ranking upregulatedgenesin statisticalanal-
ysis. Numbersin parenthesiielp evaluatethe signi®canceand
relevanceof the result: expressionevel of geneon the ®rst chip,
P valuefrom the statisticalanalysis,andthe averagefold change
betweerthelastandthe®rst category. Example:A fold changeof
2.5means2.5-fold upregulatedin the last category relative to the

®rst catgory.
Rank Gene Annotationgexpressionlgel Pvaluefoldchange)

8 [HG3344-H ubiquitin-conjugatingenzyme E2D 1 (UBC4/5 homolog, yeast). GO:
ubiquitin-proteinligase; ubiquitin conjugatingenzyme; ubiquitin-dependent
proteindegradation; (13085.1e-051.2)

9 [Z29074a keratin9 (epidermolyticpalmoplantakeratoderma).GO: regulation of cell
shape intermediate®lament; epidermadifferentiation; structuralconstituent
of cytoskeleton; (19425.9e-052.2)

13 U62317r arylsulfataseA. GO:lysosome arylsulfatase (24917.4e-051.4)

20 |M340798 proteasomégprosomemacropain26Ssulunit, ATPase 3. GO: nucleus, 26S
proteasome adenosinetriphosphataséranscriptionco-actvator ; transcrip-
tion co-repressor (18861.2e-041.7)

21 HG64-HT6 humanimmunode®cieng virustypel enhancebindingprotein3. (777 1.3e-
041.1)

22 |M14218d argininosuccinatdyase. GO: cytoplasm; ureacycle ; arginine catabolism;
argininosuccinatdyase; (25751.3e-041.6)

23 U66048a NA. (20821.3e-041.1)

27 [X71428a fusion,derivedfromt(12. GO: nucleus, RNA binding; (38582.0e-042.4)

28 |M19684a serine(or cysteine)proteinasenhibitor, cladeA (alpha-lantiproteinaseantit-
rypsin),member2. GO: serineproteasenhibitor ; (39002.0e-041.5)

32 1Z80783a H2B histonefamily, membell. (8442.5e-041.5)

33 |M169678 coagulationfactorV (proaccelerinlabile factor). GO: blood coagulation;
blood coagulatiorfactor; (12492.6e-041.9)

37 M21142d GNAS comple locus. GO: olfaction; plasmamembrane Golgi transcis-
terna; aderylate cyclaseactiation ;; Golgi to secretoryvesicletransport;
heterotrimeridG-proteinGTPase alpha-subinit; (186753.0e-041.2)

38 L337998 procollagenC-endopeptidasenhancerGO: collagenbinding ; development;
cell growth and/ormaintenance (27443.0e-041.4)

42 D380732 MCM3 minichromosomenaintenancele®cient3 (S. cerevisiae). GO: DNA
binding ; adenosinetriphosphatas®©NA replicationinitiation ; alphaDNA
polymerase:primaseomple ; (28813.4e-041.7)

44  X98507a myosinlC. GO: motor; myosin ATPase; actin cytoskeleton; (772 3.5e-04
1.5)

45 |M94630&8 heterogeneousuclearribonucleoproteirD (AU-rich elementRNA binding

proteinl, 37kD). GO: nucleus; RNA binding; RNA catabolism; RNA pro-
cessing (45893.5e-041.9)
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uracil-DNA glycosylase GO: DNA repair; base-gcisionrepair; uracil DNA
N-glycosylase (16903.6e-041.7)

transforminggrowth factor betareceptorlll (betaglycan,300kD). GO: re-
ceptor; signaltransductiory development, integral membraneprotein; gly-
cosaminoglycaminding ; TGFbetareceptorsignalingpathway ; (5203.7e-04
1.4)

hydroxysteroid17-beta)dehydrogenas2. GO: estrogerbiosynthesis endo-
plasmicreticulummembrane (7724.1e-041.2)

catenin(cadherin-associatgatotein),deltal. GO: cell adhesion (18074.2e-
041.5)

nuclear receptor subfamily 2, group F, member2. GO: nucleus; lipid
metabolism; signal transduction; transcription co-repressor; ligand-
dependentuclearreceptor; ligand-regulatedtranscriptionfactor; regulation
of transcriptionfrom Pol Il promoter; (11524.4e-041.4)

nuclearcapbindingproteinsukunit 1, 80kD.GO: nucleoplasm RNA binding;
mMRNA splicing; bindingto mRNA cap; mRNA-nucleusexport; (9564.5e-04
1.1)

G protein-coupledeceptoikinase5. GO: cytoplasm; solublefraction; phos-
pholipid binding; proteinkinaseC binding;; G-protein-coupledeceptomphos-
phorylatingproteinkinase; G-proteinsignaling,coupledto cAMP nucleotide
secondnessengerregulationof G-proteincoupledreceptomproteinsignaling
pathway ; (30785.1e-041.2)

unnameHERV-H protein.(2495.3e-041.6)

cytochrome P450, subfamily IIA (phenobarbital-inducible)polypeptide 6.
GO: microsome; monooxygenase cytochrome P450 ; coumarin 7-
hydroxylase (15745.6e-042.3)

H2A histonefamily, memberG. (4665.7e-041.4)

thymidinekinasel, soluble. GO: cytoplasm; thymidinekinase; nucleobase,
nucleosidenucleotideandnucleicacid metabolisnt (37636.6e-041.6)

replicationfactorC (activator1) 5 (36.5kD).(10647.5e-041.4)

v-myb myeloblastosiviral oncogenédiomolog(avian)-like 2. GO: chromatin
; anti-apoptosis regulationof cell cycle ; transcriptionfactor; development;
transcriptionfrom Pol Il promoter; (18718.3e-042.0)

lumican.GO: vision ; proteoglycan extracellularmatrix ; cartilagecondensa-
tion ; extracellularmatrix glycoprotein; (1228.4e-041.6)

NA. (27938.6e-041.2)
pyruvatekinase liverandRBC. GO: pyruvatekinase; (29348.7e-041.5)

T-cell acutelymphogytic leukemial. GO: oncogenesis DNA binding; cell
proliferation; (11898.8e-041.3)

homeobox A6. (22989.0e-043.2)

ras-relatedC3 botulinumtoxin substratd. (rhofamily, smallGTPbindingpro-
teinRacl).GO: GTPase; cell adhesion cell motility ; responséo wounding
; iIn"ammatoryresponse embryogenesigind morphogenesis intracellular
signalingcascade; (18159.0e-041.4)
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98 L05187a smallproline-richproteinlA. GO: structuralmolecule; epidermalifferentia-

tion; (7619.2e-041.3)
100 [U70867a8 solutecarrierfamily 21 (prostaglandinransporter)member2. GO:lipid trans-

port; membrandraction; lipid transporter integral plasmamembrangrotein
; (14259.5e-041.2)

Table3: Thetop rankingdownregulatedgenesn statisticalanal-

ysis. Numbersin parenthesiselp evaluatethe signi®canceand

relevanceof the result: expressiorievel of geneon the ®rst chip,

P valuefrom the statisticalanalysis,andthe averagefold change

betweerthelastandthe®rst catggory. Example:A fold changeof

-2.5 means2.5-fold dovnregulatedin the last cateyory relative to

the®rst cateyory.

Rank Gene Annotationgexpressionlgel Pvaluefoldchange)

1 [HG1872-H CD74 antigen (invariant polypeptideof major histocompatibility complex,
classll antigen-associated)GO: integral membraneprotein; classll major
histocompatibilitycomple antigen; (239653.4e-06-3.5)

2 IX63717d tumornecrosifactorreceptorsuperbimily, member6. GO: receptor; apopto-
sis; anti-apoptosis solublefraction; signaltransduction signaltransducer
inductionof apoptosis transmembrangeceptor; proteincomplex assembly,
integral plasmamembranerotein; integral plasmamembrangroteoglycar
(23256.8e-06-1.8)

3 HG3576-H major histocompatibilitycomple, classll, DR beta5. GO: integral plasma
membrangorotein; perceptiorof pest/pathogen/parasitelassll majorhisto-
compatibilitycomplex antigen; (204661.7e-05-2.2)

4 |D509258 PAS domaincontainingserine/threonink&inase.(14452.6e-05-1.3)

5 D16227a hippocalcin-like 1. GO: calciumion binding; (33333.8e-05-1.7)

6 L13744a myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila).GO: nucleus, oncogenesis(2044.7e-05-1.4)

7 u89336c chromosomé openreadingframe9. (44434.7e-05-2.5)

10 LO6797< chemoking(C-X-C motif), receptord (fusin). GO: apoptosis virulence; cy-
toplasm; chemotaxis coreceptor, neurogenesispathogenesisimmunere-
sponseg invasivegrowth ; plasmamembrane activationof MAPK ; chemokine
receptor, responséo viruses; in- ammatoryresponse G-proteincoupledre-
ceptor; histogenesiand organogenesis integral plasmamembraneprotein
; cytosolic calciumion concentratiorelevation ; G-proteincoupledreceptor
proteinsignalingpathway ; (36846.5e-05-1.8)

11 |U031058 prolinerich 2. GO:nucleus; proteinbinding; (63226.9e-05-4.0)

12 M92843< zinc ®ngerprotein36, C3H type, homolog(mouse).GO: cytoplasm; mMRNA

catabolisnt single-strande@®NA binding; (53417.0e-05-2.6)
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L46/20<

Y000623

X556663

U44/5438

M594654

U3/51848

U /792564

M33600ft

U150854a

u68494a

guaninenucleotidebinding protein (G protein), alpha 15 (Gq class). GO:
plasmamembrane phospholipas€ activation;; heterotrimericG-proteinGT-
Pase alpha-subnit; muscarinicacetylcholinereceptoyphospholipas€ acti-
vatingpathway ; (79588.0e-05-2.8)

decorin. GO: extracellularmatrix ; histogenesignd organogenesis chon-
droitin sulfate/dermatasulfateproteoglycan (16498.1e-05-1.7)

hypotheticapeneCG018.(4048.9e-05-3.1)

neutrophilcytosolic factor 2 (65kD, chronic granulomatouslisease autoso-
mal 2). GO: cytosol ; solublefraction ; electrontransporter, superoxide
metabolism cellulardefensaesponse (35009.3e-05-3.6)

S100 calcium binding protein A4 (calcium protein, calvasculin, metastasin,
murine placentalhomolog). GO: calcium ion binding ; invasive growth ;
(184269.6e-05-2.7)

zinc ®nger protein 36, C3H type-like 1. GO: nucleus; transcriptionfactor;
(43181.2e-04-2.1)

ATPase,H+ transportingJysosomal56/58kD,V1 sukunit B, isoform2. GO:
protontransport; hydrogenion transporter, vacuolarhydrogen-transporto
ATPase; (10691.4e-04-2.1)

ectonucleotidgyrophosphatase/phosphiedterase (autotaxin).GO: chemo-
taxis ; cell motility ; plasmamembrane; phosphodiesterase; phosphate
metabolism; nucleotidepyrophosphatase transcriptionfactor binding ; in-
tegral plasmamembrangrotein; G-proteincoupledreceptomproteinsignaling
pathway ; (24811.8e-04-1.8)

protein tyrosine phosphatasereceptortype, C. GO: protein tyrosine phos-
phatase integral plasmamembrangrotein; cell surfacereceptodinkedsignal
transduction; transmembraneeceptorproteintyrosine phosphatase (1945
1.8e-04-2.6)

upstreantranscriptionfactorl. GO: nucleus;; transcriptionfrom Pol Il pro-
moter; speci®cRNA polymerasdl transcriptionfactor; (47832.0e-04-1.2)
smallnucleaiRNA activatingcomple, polypeptidel, 43kD.GO: transcription
from Pol Il promoter; transcriptionfrom Pol Il promoter; (4022.1e-04-2.0)

tumornecrosidactor, alpha-inducegbrotein3. (65812.4e-04-2.5)

tumor necrosisfactor (ligand) superbmily, member10. GO: receptorbind-
ing ; solublefraction; signaltransduction cell-cell signaling; induction of
apoptosis integral plasmamembranegrotein; (7492.7e-04-2.8)

hypotheticaproteinMGC14258.(25732.8e-04-2.0)

major histocompatibilitycomple, classll, DR betal. GO: pathogenesis
classll majorhistocompatibilitycomplex antigen; (283082.9e-04-2.2)

majorhistocompatibilitycomple, classll, DM beta.GO: chaperoneimmune
response MHC-interactingprotein; perceptionof pest/pathogen/parasite
(73203.2e-04-2.2)

NA. (15873.3e-04-1.6)
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AC0024 77

Ub68384

U//77358

S/3591a
M57466 <

M2 /533 ¢

HG3484-H

Uo09/54

X611233

U207/34¢<

K01383a

U215514a

M25322 &

LO/9563

HG688-HT

KO2/658

NADH dehydrogenasg@biquinone)l alphasubcomple&, 1 (7.5kD, MWFE).
GO: enegy pathways; membrandraction; NADH dehydrogenaseomple
(ubiquinone)(sensuEukarya); NADH dehydrogenaséubiquinone); (1412
3.4e-04-1.3)

cyclin Al. GO:; cytosol; malemeiosisl ; spermatogenesjgegulationof cell
cycle; regulationof CDK actity ; (10553.4e-04-1.3)

pim-2 oncogene.GO: male meiosis; cell proliferation; proteinaminoacid
phosphorylation proteinserine/threonin&inase; (67453.6e-04-1.7)

thioredoxininteractingprotein. (3054 3.6e-04-1.9)

major histocompatibilitycomple, classll, DP betal. GO: pathogenesisper
ceptionof pest/pathogen/parasiteclassll major histocompatibilitycomplex
antigen; (144963.8e-04-2.2)

CD80 antigen(CD28 antigenligand 1, B7-1 antigen). GO: receptorbinding
; immuneresponse plasmamembrane signaltransductiorn; (26404.0e-04
-1.9)

CDC-likekinasel. GO:regulationof cell cycle; cell proliferation; proteinser
ine/threonine&kinase; non-membranspanningproteintyrosinekinase; (1583
4.0e-04-3.1)

sortilin-relatedreceptor L(DLR class)A repeats-containingGO: transmem-
branereceptor, internalizatiorreceptor, receptomediatecendogtosis; inte-
gral plasmamembranegrotein; (46334.0e-04-2.3)

B-celltranslocatiorgenel, anti-proliferatve. GO: cell proliferation; cell cycle
regulator; negative regulationof cell proliferation; (38644.1e-04-2.1)

jun B proto-oncogene.GO: chromatin; DNA binding ; transcriptionco-
activator; transcriptionco-repressor RNA polymerasdl transcriptionfactor
; regulationof transcriptionfrom Pol Il promoter; (55854.2e-04-2.3)

metallothioneirl A (functional). GO: heary metalbinding; responsé¢o heary
metal; heavy metalsensitvity/resistance heary metalion transport;, (6085
4.4e-04-2.0)

branchedhainaminotransferasg, cytosolic. GO: cytosol; cell proliferation;
G1l/Stransitionof mitotic cell cycle ; branched-chaiaminoacid aminotrans-
ferase branchedthainfamily aminoacidbiosynthesis (5884.5e-04-2.0)

selectinP (granulemembraneprotein 140kD, antigenCD62). GO: selectin;
celladhesiommolecule; plasmamembrane solublefraction; secretorwesicle
; cell adhesiorreceptor; integral plasmamembranerotein; integral plasma
membraneproteoglycan (5604.6e-04-1.0)
glucan(1,4-alpha-)branchingenzymel (glycogenbranchingenzyme Ander
sendiseaseglycogenstoragediseasdaype V). GO: enegy pathways; glyco-
genmetabolism 1,4-alpha-glucabranchingenzyme; (19474.6e-04-3.1)

major histocompatibilitycomple, classll, DR betal. GO: pathogenesis
classll majorhistocompatibilitycomplex antigen; (189104.7e-04-2.2)
complementomponenB. GO: receptorbinding ; immuneresponse signal
transduction, G-proteincoupledreceptorprotein signalingpathway ; (2852
5.0e-04-1.6)
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X5358/7 8

L3848/4a
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U305214a
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L403/94
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X03100c
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NIMA (neverin mitosisgenea)-relateckinase2. GO: mitosis; centrosome
regulationof cell cycle ; regulationof mitosis; proteinserine/threonin&inase
; (15645.0e-04-3.7)

cullin 4B. (3085.2e-04-2.2)

lectin,mannose-bindingl. GO: chaperone Golgi membrane proteinfolding
; blood coagulatiort ER to Golgi transport mannoséindinglectin; integral
membranegrotein; endoplasmiceticulummembrane (5225.3e-04-1.5)

DAZ associategrotein2. (78145.3e-04-1.7)

phospholipas®1, phophatidylcholine-speci®€O: membrane chemotaxis
phospholipas® ; phospholipidnetabolisnt RAS proteinsignaltransduction
; smallGTPasemediatedsignaltransduction (16785.5e-04-1.9)

integrin, beta4. GO: integrin ; oncogenesiscell adhesion invasive growth ;

cell adhesiorreceptor, (41445.7e-04-3.0)

estrogen-relatedeceptoralpha. GO: nucleus; DNA binding ; ligand-
dependenhuclearreceptor, (63985.8e-04-1.2)

H2A histonefamily, membellL. (4826.3e-04-2.7)

ribosomalprotein S4, Y-linked. GO: RNA binding ; protein biosynthesis
structuralconstituentof ribosome; cytosolic small ribosomalsukunit (sensu
Eukarya); (129616.4e-04-2.6)

heatshocktranscriptionfactor2. GO: responsdo heatshock; transcription
factor; transcriptionco-activator; transcriptionfrom Pol Il promoter; (1096
6.5e-04-2.0)

P311protein.(14766.8e-04-2.7)

nuclearfactor(erythroid-denved2)-like 1. GO: nucleus; hemebiosynthesis

transcriptionfactor; in-ammatoryresponse transcriptioncofactor; embryo-

genesisindmorphogenesistranscriptiorfrom Pol Il promoter; (34376.9e-04
-1.8)

thyroid hormonereceptorinteractorl0. GO: proteinbinding; signaltransduc-
tion ; actincytoskeletonreorganization (60217.0e-04-3.8)

peptidylglycinealpha-amidatingnonooxygenaseGO: solublefraction; pro-
tein modi®cation; electrontransporter; peptidyl-glycinemonooxygenase
integral plasmamembrangrotein; (16407.0e-04-1.9)

major histocompatibilitycomple, classll, DP alphal. (155297.1e-04-2.0)
inhibitor of DNA binding 3, dominantnegative helix-loop-helixprotein. GO:
development, transcriptionco-repressoy (28547.2e-04-1.3)
solutecarrierfamily 2 (facilitatedglucoseransporter)member3. GO:glucose
transport, membrandraction; glucosetransporter, carbohydratenetabolism
; integral membrangorotein; (123178.2e-04-2.2)
ubiquitin-conjugatingenzymeE2D 2 (UBC4/5homolog,yeast).GO: oncoge-
nesis; invasie growth ; proteinmodi®cation; ubiquitin-proteinligase; ubig-
uitin conjugatingenzyme; ubiquitin-dependenprotein degradation; (2572
8.5e-04-1.7)

chimerin (chimaerin)1. GO: GTPaseactivator; SH3/SH2adaptorprotein;
(75408.6e-04-2.3)
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99 LO6845a cysteiryl-tRNA synthetaseGO: cytoplasm; tRNA binding; solublefraction;
proteinbiosynthesis (55719.3e-04-1.8)

Histogram of pValues
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Figure5: A histogramof all P-values.A uniform distribution of P-valuesover theinter
val 0 to 1 is indicative of few or nonedifferentially expressedjenes.A peakat the low
endof thedistribution is indicative of differentialexpressiorof mary genes.

3.5 Functional categories

The top ranking genesthat have a function annotatedoy GeneOntology terms

have beenplacedinto functionaland processcateyoriesasde ned by the Gene
Ontology Consortium. Figure[d shows the distribution of the upregulatedand

downregulatedgenesy function. Upregulationanddownregulationis determined
basedon the last cateyory comparedto the rst catgory. Figure@ compares
upreggulatedanddownregulatedgenedirectly by category.
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Figure6: A °volcano®plot (Wol®nger R.D. et. al. (2001)J. Comp. Biol. 8:625-638)
shaving therelationshipbetweenP-valueandlog?2 fold change(M). Therelationshipis
shavn bothfor the original data(red) andfor a permutatiorof the columns(green).The
permutation(shufing of the data)shouldremove the signal and leave only the noise,
allowing an estimateof the P-valuesandfold changeghat canoccurby chancealone.
The choserP-valuecutoff of 0.000946s shavn by a dottedline. Notethatto save time
only onepermutationis performed.Ideally all possiblepermutationshouldbetried.
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Functional Categories of upregulated genes

defense/immunity protein (1)

binding (7)

enzyme (10)
transporter (1)

transcription regulator (2)

structural molecule (2)

enzyme regulator {daor (1) signal transducer (1)

Functional Categories of downregulated genes

enzyme (10) binding (10)

chaperone (2)

signal transducer (8) fransporter (5)

transcription regulator (5)

Figure 7: Geneontologyfunction cateyoriesof thosetop rankinggenesthathave been
annotatedThe numberof genedn eachcateyory is shavn in parenthesisNote thatonly
afractionof thetop rankinggeneshave beencateyorizedwith a geneontologyfunction.
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Figure8: Geneontologyfunction cateyoriesof thosetop rankinggenesthat have been
annotatedUpregulatedgenesareshavn in red,dowvnregulatedgenesareshovn in green.

3.6 Prediction of orphan function

Amongthetop rankinggenesaregeneswith unknavn function. For thosegenes
wherethe completeaminoacidsequencés known or predictedthe ProtFunsoft-
warewasusedto predictthefunctionin generakateyories(Tableld).

Table4: ProtFunpredictionof orphangenefunction,if any.
Gene ProtFunPredictedCateyories
U89336cdslat Cell_envelope;NonenzymeGrowth_factor;
AB002382at Cell_ervelope;Enzyme;Ligase;lon_channel;
D31767at Cell_ervelope;Enzyme;Cationchannel;

3.7 Signaltransduction pathway analysis
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Thetop genesweresearchedgainstthe TRANSRATHE signaltransduction
databasdwww.transpath.der www.gene-rgulation.com). TableH shaws the
results.

Table 5: Table of top ranking genesfound in TRANSPATH.
Expressionrefersto absoluteexpressionof of the geneon the
®rst chip, P-value of differential expressionand logfold change
in expression. Pathway refersto the nameof the pathway in
TRANSPATH in which the genewas found and the genename
refersto the nameusedfor the genein that pathway. If you click
on ageneidenti®er your brovserwill take you to a databasele-
scriptionof it.

Gene Expression Genenamein pathway Pathway Figure
X63717a (23256.8e-06-1.8) Fas cancernet  [I3
M63904a (79588.0e-05-2.8) G-alpha-16 IL-8 ma
M594658 (65812.4e-04-2.5) A20 TNF.alpha [I2
LO75948 (5203.7e-041.4)  TGFR-lII TGFbetamap @1
M27533S (26404.0e-04-1.9) CD80 CD28

The gures shavn on the following pagesgive a schematicoverviewv of the
signaltransductiorpathwaysin which differentially expressedjenesverefound.
Remembetthat the signalis usually transmittedby protein-to-proteincontact.
Suchprotein-to-proteircontactis not detectedn a DNA microarrayexperiment.
Whatis detectednsteads if any genesencodingthe proteinsin the pathway are
regulatedor if ary targetgenesof the pathwaysareregulated.

The signaltransductiorpathway analysiswasextendedbeyondthe top rank-
ing genesto look for all genesin the experimentwhich could be mappedto a
TRANSFATH annotatecpathway. The purposeof this is to discover pathways
with anumberof differentiallyregulatedgenesgventhoughthey onanindividual
genebasisdo not passa statisticalsigni cancetest.

Figurell4 shaws all the TRANSPATH pathwaysin which geneswerefound
andsummarizesheirrankin the statisticalanalysis.

4Krull M, VossN, Choi C, PistorS, Potape A, WingenderE. ° TRANSRATH: anintegrated
databaseon signal transductionand a tool for array analysis. Nucleic Acids Res. 2003 Jan
1;31(1):97-100.
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Figure9: The CD28signaltransductiorpathvay.

Figurel0: ThelL-8 signaltransductiorpathway.
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Figurell: The TGFbetamaignaltransductiorpathway.

Figurel2: The TNF_alphasignaltransductiorpathway.
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Figure13: Thecancernesignaltransductiorpathway:.
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Figure14: A list of all signaltransductiorpathwaysin which geneswerefound. The
x-axis shaws the P-value of eachgeneassignedo eachpathvay. A P-valuecloseto 1
meansthe geneis almostcertainto be unchangedn the experiment. The smallerthe
P-value,the greaterthe probability of differentialregulation. Pathwayswith differential

expressiorshouldstandout from the backgroundevel.
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3.8 Metabolic pathway analysis

A pathway analysiswas performedon the top ranking genesby running them
againsthe KEGG databasef cellularpathways. Table6 shovstheresults.

Table6: Tableof toprankinggenedoundin KEGG. Thepathvway

of thetopgenecanbeseenn Figurel5andtheE.C.numberefers
to the stepin thatpathway. If you click on a pathway name your

browvserwill take you to a ®gure of the pathway. You canlocate
the E.C.numbersonthe®gures.If you click on a geneidenti®er
your browserwill take youto adatabaselescriptiornof it.

Gene Description Pathway

U62317r  aslA;arylsulfatasdEC:3.1.6.1](24917.4e-051.4) Sphingoglycolipidmetabolism

M14218a amgininosuccinatédyase[EC:4.3.2.1](25751.3e-041.6) Arginineandproline metabolism

L46720s  nucleotidepyrophosphatasgEC:3.6.1.9](24811.8e-04-1.8) PantothenatandCoA biosynthesis

AC002477 NADH dehydrogenasg=C:1.6.5.3](14123.4e-04-1.3) Oxidative phosphorylation

U21551a branched-chaimminoacid aminotransferasfEC:2.6.1.42](588 4.5e- PantothenatandCoA biosynthesis
04-2.0)

LO7956a 1,4-alpha-glucabranchingenzymeEC:2.4.1.18](19474.6e-04-3.1)  Starchandsucrosemetabolism

U38545a phospholipas® [EC:3.1.4.4](16785.5e-04-1.9) Phospholipicdegradation

M15205a thymidinekinase[EC:2.7.1.21)(37636.6e-041.6) Pyrimidinemetabolism

M15465s pyk; pyruvatekinase[EC:2.7.1.40)(29348.7e-041.5) Carbon®xation

The KEGG pathway analysiswas extendedbeyond the top rankinggenesto
look for all genesn the experimentwhich could be mappedo a KEGG pathway.
The purposeof thisis to discover pathwayswith a numberof differentially regu-
latedgenesgventhoughthey on anindividual genebasisdo not passa statistical
signi cancetest.

Figurel6 shavsall the KEGG pathwaysin which genesverefoundandsum-
marizestheir rankin the statisticalanalysis.

3.9 Clustering of Genes

A visualizationof the expressiornof the top rankinggenesn eachof the experi-
mentsis performedby clusteringwith the ClusterExpressoftware (Figure17).

A numberof K-meansclusteringswere performedaswell. Firstthe number
of clustersK, wasoptimizedby measurindhow thenumberof clustersaffectsthe
quality of theclustering(Figure18). ThenaK-meansclusteringusingtheoptimal
numberof clusters2, wasperformed(Figure19).
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Figurel5: TheKEGG pathway of the highestrankinggenefrom Table 6
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Figure16: A list of all KEGG pathwaysin which geneswverefound. The x-axis shavs
theP-valueof eachgeneassignedo eachpathway. A P-valuecloseto 1 meanghegeneis
almostcertainto beunchangedh theexperiment.Thesmallerthe P-value,thegreatetthe
probability of differentialregulation. Pathwayswith differentialexpressiorshouldstand
outfrom the backgroundevel.
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Figure17: Hierarchicalclusteringof top rankinggeneshasedon their vectorangledis-
tance.Thecolorscaleshavs for eachgenethelogarithmof thefold changeelative to the
averageexpressionn the®rst category. For eachgene thechip ID, the numberreferring

to Table2 or Table3, aswell asthe P-valuearegiven.
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Figurel9: K-meansclusteringof top rankinggenesasedntheir vectorangledistance.
The color scaleshaws for eachgenethe logarithmof the fold changerelative to the av-
erageexpressionin the ®rst catgjory. For eachgene,the chip ID, the numberreferring
to Table2 andTable3, aswell asthe P-valuearegiven. The numberof clusters,2, was
selectedy optimization.
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3.10 Promoter analysis

Fromthe K-meansclusteringthe upstreanregionswereextractedfrom thegenes
of eachcluster The software programsacapatterns® wasrun on eachclusterto
identify overrepresentepatternsn the upstreanregions. Table7 shavs themost
overrepresentepatterndor eachcluster

Table 7: Analysisof the upstreanregionsof the K-meansclus-
terswith sacapatterns.The occurrenceof exactmatchego each
patternis shavn in the cluster(clustersize givenin parenthesis)
andin thebackgroundataset(setsizegivenin parenthesis)The
resulting(negatve logarithmof the) probability of overrepresen-
tation from the hypegeometricdistribution is shavn. For each
pattern,the genesn which it wasfoundarelisted (up to 50 hits).
If a patternwasfound morethanoncein a gene,thenthatgene
will appeamorethanonceonthelist. Thesequenc@umberge-
fer to the numbersin the clusteringandin the tablesof up- and
down-regulatedgenes.

Pattern -log(P) Incluster In bg(4409genes) Foundin genes

Clusternumberl (clustersize=60upstreanregionsextracted=37)
Clusternumber2 (clustersize=40upstreanregionsextracted=20)

An overrepresentatioper seis not enoughto signify biological relevance.
To further substantiata pattern,the patternscanbe extractedfrom the upstream
regionsandalignedwith contet. If thereis conserationin theregionssurround-
ing the patternthenthat further supportsiologicalrelevance.The nal determi-
nationwill comefrom biological veri cation usingsite-directednutagenesisr
bandshiftmethods.

TheGibbssamplet® wasrunonthesameclustersassacapatterns The Gibbs
sampletooksfor degeneratgatternsvhichit triesto capturewith aweightmatrix
description.In all sequenceghebestmatchto this weightmatrixis shovn in the
output. Thealignmentallows judgmentof the degreeof conseration. Theresults
areshowvn below:

15JensenL.J. and S. Knudsen,(2000) Automatic Discovery of Regulatory Patternsin Pro-
moterRegionsBasedon Whole Cell ExpressiorDataandFunctionalAnnotation.Bioinformatics
16:326-333.

18 awrence Altschul, Boguski,Liu, Neuwald & Wootton (1993)°DetectingSubtleSequence
Signals:A GibbsSamplingStratey for Multiple Alignment®,Science262:208-214.
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Table8: Weightmatricesdescribinggibbspatternsn upstreantegionsof K-meansclus-
ters. Thehypegeometricsamplestatisticds givenasthelogarithmof the P-value,where
i is the numberof timesthe matrix matcheshe positive setabove threshold,m is the
numberof timesthe matrix matcheghe negative setabove thresholdandN andn arethe
sizesof the negatve andpositive setsrespeciiely. For eachpattern,the genesn which
it wasfoundarelisted (upto 50 hits).

Base 1 2 3 4 5 6 7 8 9 10 11

Clusternumberl (clustersize=60upstreanregionsextracted=37)

HYP -2.698010=11, m=941,N=4446,n=37

ConsensusGAGGCGGAGGC

Foundin genest155571666888862625151141429555582
A 3 87 17 0O O 3 10 100 0O O 0
C 3 0 0 0 93 17 3 0 o 7 67
G 93 13 83 100 O 40 87 0 100 93 0

T 0 0 0 0 7 40 O 0 0 O 33
Clusternumber2 (clustersize=40upstreanregionsextracted=20)
HYP -2.475133=6, m=806,N=4429,n=20
ConsensusGGAGGCTGAGG

Foundin genesA949492289272744444444

A 5 0 100 0 O O 10 5 75 0 0
C 0 0 0 0O 5 9 5 0 0 O 0
G 90 100 0O 100 95 0 20 95 15 90 100
T 5 0 0 0 0 65 65 0O 10 10 0

The transcriptionfactor binding sitesin Transhc'’ werechecled againstthe
sameclusters. All eukaryoticfactorswere matchedand the resultsare shavn
below:

17 Matys V, Fricke E, Geffers R, GosslingE, HaubrockM, Hehl R, HornischerK, KarasD,
Kel AE, Kel-MargoulisOV, Kloos DU, LandS, Lewicki-Potapa B, MichaelH, MunchR, Reuter
I, RotertS, Saxel H, ScheeM, Thiele S, WingenderE. ° TRANSFAC: transcriptionakegulation,
from patterngo pro®les.NucleicAcids Res.2003Jan1;31(1):374-8.
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Table9: Analysisof theupstreanregionsof theK-meansclusters
with Trans&c. Theoccurrencef matcheso eachFactoris shavn
in thecluster(clustersizegivenin parenthesis)More information
aboutthe Factorscanbe found by looking themup in the public
versionof Transhc at www.gene-rgulation.de.For eachpattern,
the genesin which it wasfound are listed (up to 50 hits). If a
patternwasfound morethanoncein a gene,thenthat genewill
appeamorethanonceonthelist.

Factorname Foundin sequences

Clusternumberl (clustersize=60upstreanregionsextracted=37)

Spl@human 63

HSF@fruit 41414157110106363636363666624247676761515
151588888888626262626251515184848478787878
313131797918

HSF@yeast 41555551010106363242424247688628484847831
3131313179793957613430434629555586867082

CREB@human 61

CRE-BP1/c-Jun@mouse6l

Sox-5@mouse 78

ADR1@yeast 637651845734303068438682191966

MZF1@human 71345555

CdxA@chick 411547

CdxA@chick 71106151861

Bcd@fruit 18

Lyf-l@mouse 4168814

NIT2@Neurospora 1024793957292966

SRY@mouse 415510632415886278783131186130303030307066
HSF@fruit 34
cap@unknan 10

Clusternumber2 (clustersize=40upstreanregionsextracted=20)

HSF@fruit 56565656 6060606060427373989898998787874949
54545467 3333333395595959595959909090901389
8927272727272727

HSF@yeast 5660424242739849545454339559909090

Sox-5@mouse 54

ADR1@yeast 737399876767598927

E2F@mouse 42

CdxA@chick 569990

CdxA@chick 733390

Lyf-1@mouse 498944
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NIT2@Neurospora 56
SRY@mouse 60985444
cap@unknan 95

3.11 Correspondenceinalysis

A correspondencanalysisvasperformedonthe50top rankinggenedo look for

strongassociationbetweengenesandexperimentgFigure 20. If thereareonly

two cateories,this associatiordoesnot revealary new information.) Genesand
experimentsareeachprojectednto the sametwo-dimensionaspace A genethat
is far removed from the centerof the plot (0,0) is associatedvith an experiment
if that experimentis also far removed from the centerof the plot in the same
direction.
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Figure 20: Correspondencanalysisof the top 50 ranking genesand the experiments.
Genesare shavn in one color and experimentsare shavn in a differentcolor. Gene
numbergeferto Table2 or Table3.
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4 Appendix A: parametersusedin this report

Table10: Parametersetin paramete®le.

Parameter Value(optionsin parenthesis)

Nameof ®le dataunorm4.txt

Header FALSE (TRUE FALSE) Is therea headeiin the ®rstline
of the®le?

Columns 1234567891011121314

Descript IDANNNNAAABBBCCC

File names day.7aamp.CEL day.7b.amp.CEL day7c.amp.CEL
day.7aHIV _amp.CEL day.7b_HIV _amp.CEL
day.7c_HIV _amp.CEL

Catayories AAABBB

Chip Type HU6800 (HG_FocusHU6800 HG_U95Av2 HG-U133A
MG_U74Av2 RG_U34A DrosGenomelYG_S98 Ecoli
Pae G1aAG Other)

Compresse@EL ®les FALSE (TRUE FALSE)

Experimenthame HIV Infectionof HumanT cells

Author SteerKnudsen

Organism hsa(bsurno paeecoscedro mmupae)

A Ctrl

B HIV

Catggory Names Ctrll Ctrl2 CtrI3 HIV1 HIV2 HIV3

Normalizationmethod
Expressiorindex
Remawe outliers
Backgroundcorrection
Statisticalanalysis
Pairedt-test

Minimum cutoff for logfold calculation
Show resultson X display

Max numberof genedo analyzefurther
Bonferronicutoff (maxnumberof falsepos.)

Logfold
Colorscheme

Includetableof all genes

aswell

gspline(gsplinequantileconstantoesscontrastsone)
li.wong(li.wongavdiff medianpolish)

FALSE (TRUE FALSE affectsonly li.wongcalculation)
bg.adjus{FALSE bg.adjussubtractmm)
parametriqparametric)

FALSE (TRUE FALSE) (if TRUE experimentsmustap-
pearin theorderthey arepaired)

1(1-20)

FALSE (TRUE FALSE)
100

10

log2 (log2log10hlog)
red-greer(blue-yellow)
NO (YESNO)
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