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Abstract

A DNA microarrayexperimentwasperformedusingachipof typeHU6800.
PrincipalComponentAnalysisandclusteringwasperformedto revealgroup-
ings in the samples.A statisticalanalysiswasperformedto reveal genes
differentiallyexpressedbetweenthecategories.A correspondenceanalysis
wasperformedto identify genesassociatedwith the individual categories
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andexperiments.Signi®cantlyregulatedgeneswith unknown functionwere
analyzedfor propertiesof theencodedproteinsandtheir functionpredicted
usingtheProtFunsoftware. TheTRANSPATH andKEGG databaseswere
searchedfor differentiallyexpressedgenesannotatedonknown signaltrans-
ductionor metabolicpathways. Thepromoterregionsof differentially reg-
ulatedgenesweresearchedfor regulatoryelements.

1 Intr oduction

This reportwasgeneratedautomaticallyby the GenePublisherautomaticDNA
microarrayanalysissystem1.

Guideto interpretationof results:�rst look at theMVA plotsbeforeandafter
normalizationto seeif thereareany obvious outlying chips(high varianceand
steepslope).Outlyingchipsmayalsobeidenti�ed in thechipclustering,thePCA
or theKNN classi�er. Thenlook at thetableof geneswith signi�cant changesin
expression.Help in interpretingthe biology of thesegenesmay comefrom the
LocusLink(if available),andfrom theTRANSPATH andKEGG analysis.Typi-
cally, oneor moregeneson this list needto beveri�ed asdifferentiallyregulated
by anothermethodbeforepublication,for exampleaquantitativePCRagainstthe
messengerRNA or animmunoassayagainsttheprotein.Thegeneclusteranalysis
is usuallyonly of interestif therearemorethantwo conditionscomparedin the
experiment.Whethertherearetwo or moreconditions,you maylook at thepro-
moteranalysis.Thelist of potentialpromoterelementsmaybeoverwhelming,but
you cantry to look for elementsthatarefoundby morethanonemethod,or ele-
mentsthatshow up in geneswith a relatedroleor function.For moreinformation
on theanalysismethodsusedin this report,seeKnudsen,S. (2002)A Biologist's
Guideto Analysisof DNA MicroarrayData. Wiley, New York.

2 Materials and Methods

Thissectiondescribestheanalysisin generalterms.Detailsof theparametersand
methodsusedcanbefoundin theappendixsectionof this report.

2.1 Experimental Details

The purposeof this studyis to measurethe effect of HIV-1 on the transcription
of genesin theinfectedhostcell. Thehumancell line MT4 wasinfectedin vitro

1Knudsen,S.,Workman,C., Sicheritz-Ponten,T., andFriis, C. (2003)GenePublisher:Auto-
matedAnalysisof DNA MicroarrayData.NucleicAcids Research.Vol. 31,No. 133471-3476
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with HIV-1. Controlculturesweregrown without HIV-1 infection. After 7 days
of growth of thecontrolculturescellswereharvested,RNA extractedandrun on
Affymetrix chips. Thesechips were comparedto chips run on HIV-1 infected
culturesharvested7 daysafter infection. Replicateswere performedto assure
reproducibilityandallow measurementof experimentalvariation.

2.2 Statistical Analysis

ThestatisticalanalysiswasperformedusingtheRstatisticsprogrammingenviron-
mentavailablefrom www.r-project.org. Falsepositive predictionswereassessed
by multiplying P-valueswith thenumberof genesandby performinga permuta-
tion of thedata.

2.3 Array Normalization

The individual chips were madecomparableto eachotherby applying the qs-
pline2 method. Qsplineis a robust non-linearmethodfor normalizationusing
arraysignaldistribution analysisandcubic splines.Qspline�ts cubicsplinesto
thequantilesof thearraysignaldistribution, andusesthosesplinesto normalize
signalsdependenton their intensity.

2.4 Expressionindex calculation

For eachgene,theexpressionindex wascalculatedbasedon theprobesby using
theLi-WongModel-BasedExpressionIndex3. Thismodeltakesinto accountthat
probepairs responddifferently to changesin expressionof a geneand that the
variationbetweenreplicatesis alsoprobe-pairdependent.

Themodel-basedexpressionindex for eachgeneis calculatedas:

�

�������	��

�����

�

where��� is ascalingfactorthatis speci�c to probe��
�� andis obtainedby �tting
a statisticalmodelto aseriesof experiments.

The model is run without the mismatch(MM) probes,using only perfect
match(PM)probeinformation,byspecifying”Backgroundcorrection”as”bg.adjust”.

2Workman,C., Jensen,L.J., Jarmer, H., Berka, R., Saxild, H.H., Gautier, L., Nielsen,C.,
Nielsen,H.B., Brunak,S,andKnudsen,S.(2002)A new non-linearmethodfor reducingvariance
betweenDNA microarrayexperiments.GenomeBiology3(9):0048.

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

3



This usesa model-basedbackgroundsubtractionfrom PM probes4. This latter
PM-bg methodis preferredover PM-MM methodsbecausethe resultingnoise
level is lowerandbecausenegativeexpressionvaluesareavoided.

2.5 Clustering and PCA on chips

Beforeany statisticalanalysiswasperformed,all geneson thechipwereusedfor
a hierarchicalclusteranalysisandprincipal componentanalysisto discover any
groupingin thedata(chips).

2.6 Classi�cation

Threechipclassi�erswereautomaticallybuilt ontheinputdata,andcross-validated
usingtheleave-one-outcross-validationprincipleasfollows. K NearestNeighbor
(KNN) classi�cation wasperformedfor eachchip by comparingit to the three
nearestneighbors(K=3) amongthe remainingchips. The predictedclassof the
chipswasthemajority classamongthethreeneighbors.For very smalldatasets,
a K=1 classi�er maybemoreaccurate,soclassi�cationwasperformedwith only
oneneighboraswell.

For theNearestCentroidclassi�er (NC), eachchip wascomparedto thecen-
troidsof theclassesfor theremainingchips. Thepredictedclassof thechip was
theclassof thenearestcentroidusingEuclideandistance.

No featureselectionwasperformedfor theclassi�ers.

2.7 Statistical Signi�cance

Differentiallyexpressedgenesbetweentwo categoriesof replicatedexperiments
wereidenti�ed by applyingthet-test.TheP-valuescalculatedfor eachgenewere
usedto calculatea FalseDiscoveryRate5. It is possibleto specifyuseof a paired
t-testin theparameter�le.

2.8 Analysisof Variance

Differentially expressedgenesbetweenmore than two categoriesof replicated
experimentswereidenti�ed by applyinganAnalysisof Variance(ANOVA). The

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

5Benjamini,Y., andHochberg, Y. (1995)Controlling the FalseDiscovery Rate: A Practical
andPowerful Approachto Multiple Testing.J. R.Statist.Soc.B 57:289-300
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P-valuescalculatedfor eachgenewereusedto calculateaFalseDiscoveryRate6.

2.9 Log fold changecalculation

The logarithmof the fold changeof geneexpressionwascalculatedin order to
obtainasymmetricdistributionof regulationaroundzero(upregulatedgeneshave
positive logfold values,downregulatedgeneshave negative logfold values).Ex-
pressionvalueslessthan1 weresetto 1 beforecalculatingthelog fold changein
orderto avoid negativeexpressionvaluesthatcanoccurif mismatchprobevalues
aresubtracted.

2.10 GeneClustering

Hierarchicalclusteringwasperformedusingthe ClusterExpresssoftwaredevel-
opedby ChristopherWorkman. Distanceswerecalculatedastheanglebetween
vectors,andtheexpressionvaluesvisualizedasthelogarithmof fold changerel-
ative to theaverageof categoryA.

2.11 Corr espondenceAnalysis

Associationsbetweencategoriesandgenessigni�cant in thestatisticaltestwere
visualizedwith correspondenceanalysis.Expressionvalueswere�rst converted
to positivenumbersby settingall negativenumbersto zero.After correspondence
analysis,genesandexperimentswereplottedin thesameplot usingthe�rst two
principalcomponents7

2.12 GeneAnnotation

Geneswereannotatedwith GeneOntologies(www.geneontology.org),whichpro-
videsauniqueidenti�er for eachgeneknown to beresponsiblefor acellularpro-
cessor function.Genesweregroupedaccordingto high-level functioncategories
in theGeneOntologydatabase.Genesgroupedundermorethanonefunctional
category wereonly countedonce. Geneswere matchedto the KEGG8 (Kyoto
Encyclopediaof Genesand Genomes)descriptionof known cellular pathways

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

7Fellenberg, K., Hauser, N. C., Brors, B., Neutzner, A., Hoheisel,J. D., and Vingron, M.
(2001), Correspondenceanalysisapplied to microarraydata. Proc. Natl. Acad. Sci. USA
98:10781–10786.

8KanehisaM, GotoS,KawashimaS,NakayaA. ºTheKEGG databasesat GenomeNet.º Nu-
cleic AcidsRes.2002Jan1;30(1):42-6.
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(http://www.genome.ad.jp).For genesmatchingmorethanonepathway, only one
pathway is shown. Geneswerematchedto theTRANSPATH9 databaseof signal
transduction(www.gene-regulation.com).If genesmatchmorethanonepathway,
only onepathway is shown.

2.13 Protein Function Prediction

For thosegeneswherea geneontology numberhasnot beenassignedand the
function hasnot beeninferredby homologyto anotherprotein,an attemptwas
madeatpredictingthefunctionusingtheProtFun10 method.TheProtFunmethods
predictsthefunctionnotbasedonhomology, butbasedonpropertiesof theprotein
sequenceaswell aspredictedfeaturessuchaspost-translationalmodi�cation.

2.14 Promoter analysis

Upstreamregions (5000 bp for human,300 bp for yeast)were extractedfrom
the genesof eachclusterusingEnsembl(www.ensembl.org) or GenBank. The
softwareprogramsacopatterns11 wasrunoneachclusterto identify signi�cantly
overrepresentedpatternsin the upstreamregions. sacopatternslooks for con-
served(identical)patternsin sequences,it doesnot allow for degenerationof the
pattern.

TheGibbssampler12 wasrun on thesameupstreamregions.TheGibbssam-
pler looks for degeneratepatternswhich it tries to capturewith a weight matrix
description. In all sequences,the bestmatchto this weight matrix is shown in
theoutput.TheGibbssamplerstartswith a new randommatrix every timeandis
non-deterministic,meaningthatit maygivedifferentresultsevery time it is run.

Thetranscriptionfactorbindingsitesin theTRANSFAC13 databasewerematched
9Krull M, VossN, Choi C, PistorS, Potapov A, WingenderE. ºTRANSPATH: an integrated

databaseon signal transductionand a tool for array analysis.º Nucleic Acids Res. 2003 Jan
1;31(1):97-100.

10Jensen,L. J.,Gupta,R.,Blom,N., Devos,D., Tamames,J.,Kesmir, C.,Nielsen,H., Staerfeldt,
H. H., Rapacki,K., Workman,C., Andersen,C. A. F., Knudsen,S.,Krogh,A., Valencia,A., and
Brunak. S. (2002)Ab initio predictionof humanorphanproteinfunction from post-translational
modi®cationsandlocalizationfeatures.Journalof MolecularBiology 319:1257-1265

11Jensen,L.J. and S. Knudsen,(2000) Automatic Discovery of Regulatory Patternsin Pro-
moterRegionsBasedonWholeCell ExpressionDataandFunctionalAnnotation.Bioinformatics
16:326-333.

12Lawrence,Altschul, Boguski,Liu, Neuwald & Wootton(1993)ºDetectingSubtleSequence
Signals:A GibbsSamplingStrategy for Multiple Alignmentº,Science262:208-214.

13 Matys V, Fricke E, Geffers R, GosslingE, HaubrockM, Hehl R, HornischerK, KarasD,
Kel AE, Kel-MargoulisOV, KloosDU, LandS,Lewicki-Potapov B, MichaelH, MunchR, Reuter
I, RotertS,Saxel H, ScheerM, ThieleS,WingenderE. ºTRANSFAC: transcriptionalregulation,
from patternsto pro®les.NucleicAcidsRes.2003Jan1;31(1):374-8.
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againstthe sameupstreamregions. Factormatriceswith hits morethan95% of
themaximalscoreof thematrixwererecorded.
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Figure1: M versusA for all chip-to-chipcomparisonsbeforenormalization.Thediago-
nal shows thenamesof thechipsbeingcompared.Thelower triangleshows thevariance
of the ratiosbetweenthe two chipsbeingcompared.Two identicalchipsshouldhave a
varianceof zero.Look for badchipsin this plot. They arerevealedby a highervariance
in comparisonsto theotherchipsandby a consistentcurvaturewhencomparedto other
chips(indicatinglow amountof hybridization). The comparisonis limited to 10 chips
versus10 chips.
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Figure2: M versusA for all chip-to-chipcomparisonsafternormalization.Thediagonal
shows the namesof the chipsbeingcompared.The lower triangleshows the variance
of the ratiosbetweenthe two chipsbeingcompared.Two identicalchipsshouldhave a
varianceof zero.

Thecomparisonis limited to 10chipsversus10chips.
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Figure3: Hierarchicalclusteringof categoriesusingEuclideandistancebetweenvectors
of all genesandcompletelinkage.

3 Results

3.1 Normalization

Figure1 showsacomparisonof all chipsbeforenormalization.This is aso-called
M versusA plot; insteadof plottingeachprobeononechipagainsteachprobeon
another, thescalesarechangedsoit plots,for eachprobe,thelogarithmof thera-
tio of expressionbetweenthetwo chipsasafunctionof thelogarithmof themean
of theexpressionof thetwo chips.Two identicalchipswouldyield astraight,�at
line throughzero.Two comparablechipsideally have a straight,�at line through
zeroanda few probesoff theline indicatingdifferentialexpression.Deviationof
the line from zerorevealsa needfor normalizationbeforethe two chipscanbe
compared,anddeviationfrom astraightline revealsaneedfor non-linearnormal-
ization(differentnormalizationfactorsfor highly andweaklyexpressedgenes).

Figure2 shows thecomparisonof all thechipsafternormalization.

3.2 PCA and clustering of chips

All chipswereclusteredbasedon theEuclideandistanceof all genes(Figure3).
Sucha clusteringshows the relationshipbetweenindividual chips, in particular
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Figure4: PrincipalComponentAnalysisshowing all chipsplottedaccordingto their®rst
two principalcomponents.

if the clustertogetherin the categoriesthey have beenassigned.If they do not
clustertogetherin thecategoriesassigned,or if onechip clustersseparately, this
maybeindicativeof a problem,for exampleanoutlier (badquality) chip. In that
casetheanalysisshouldberepeatedwithout thatchip to seeif theresultsfrom the
statisticalanalysisincreasein signi�cance.

Anotherwayto look atthesameinformationis to look atthe�rst two principal
components.Figure 4 shows a principal componentanalysisof the individual
chipsin orderto determineany structurein the relationshipbetweenchips. The
PCA is basedon all genes.

3.3 Classi�cation of chips

A K nearestneighbor(KNN) classi�er wasbuilt to classifychipsbasedontheex-
pressionof all genes.Eachchip wascomparedto all otherchipsandthecategory
assignmentof the threeclosestchips(k=3) in Euclideangeneexpressionspace
wasusedto predictits category. Table1 shows thepredictionfor eachchip. The
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total accuracy of classpredictionreachedwas100and100percentfor a k=1 and
a k=3 classi�er, repectively. It may be possibleto improve on this accuracy by
selectingpredictive genesandby optimizingthenumberof nearestneighborsK.
Doing this,however, will necessitateanevaluationonanindependenttestsetthat
wasnotusedfor optimizingtheclassi�er.

A NearestCentroid(NC) Classi�er wasbuilt aswell. Insteadof the closest
chip in Euclideanspace,theclosestclasscentroidwasusedto predicttheclassof
eachchip. Thetotal accuracy of classpredictionreachedwas100percent.Also
here,theperformancemaybeimprovedby usingaselectionof genes.

Table1: Predictionsof theKNN andNC Classi®ers

Chip Categoryassignedin input PredictionK=1 PredictionK=3 PredictionNC
Ctrl1 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 geneshadP-valuesbelow that
cutoff andarepresentedin Table2 andTable3 below. At thatcutoff, weexpect7
falsepositivegenes(0.000946*7129genesonthechip). Thatmeansthatwehave
a falsediscovery rateof 0.07in Table2 andTable3 (7/100). We have, however,
no way of knowing which genesarefalsepositive unlesswe verify the �ndings
with anindependentmethod.

The genesare divided into upregulatedgenes(Table 2) and downregulated
genes(Table 3) 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 geneontologyannotations(GO),if available.Infor-
mationontheP-valuesandexpressionlevelsof all geneson thearrayis available
in the�le all.annotated.genesin thesamedirectoryasthis report.

In theAdobeAcrobat(PDF)versionof thisreport,theprobeID is hyperlinked
to theLocusLinkdatabase(if available). Clicking on theprobeID will take you
to adetaileddescriptionof thegenein thatdatabase.
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Table 2: The top ranking upregulatedgenesin statisticalanal-
ysis. Numbersin parenthesishelp evaluatethe signi®canceand
relevanceof the result: expressionlevel of geneon the®rst chip,
P valuefrom thestatisticalanalysis,andthe averagefold change
betweenthelastandthe®rst category. Example:A fold changeof
2.5 means2.5-fold upregulatedin the lastcategory relative to the
®rst category.

Rank Gene Annotations(expressionlevel 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 keratin 9 (epidermolyticpalmoplantarkeratoderma).GO: regulationof cell
shape; intermediate®lament; epidermaldifferentiation; structuralconstituent
of cytoskeleton; (19425.9e-052.2)

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

20 M34079a proteasome(prosome,macropain)26Ssubunit, ATPase,3. GO: nucleus; 26S
proteasome; adenosinetriphosphatase; transcriptionco-activator ; transcrip-
tion co-repressor; (18861.2e-041.7)

21 HG64-HT6 humanimmunode®ciency virus typeI enhancerbindingprotein3. (7771.3e-
041.1)

22 M14218a argininosuccinatelyase. GO: cytoplasm; ureacycle ; arginine catabolism;
argininosuccinatelyase; (25751.3e-041.6)

23 U66048a NA. (20821.3e-041.1)

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

28 M19684a serine(or cysteine)proteinaseinhibitor, cladeA (alpha-1antiproteinase,antit-
rypsin),member2. GO: serineproteaseinhibitor ; (39002.0e-041.5)

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

33 M16967a coagulationfactor V (proaccelerin,labile factor). GO: blood coagulation;
bloodcoagulationfactor; (12492.6e-041.9)

37 M21142c GNAS complex locus. GO: olfaction ; plasmamembrane; Golgi transcis-
terna; adenylate cyclaseactivation ;; Golgi to secretoryvesicletransport;
heterotrimericG-proteinGTPase,alpha-subunit ; (186753.0e-041.2)

38 L33799a procollagenC-endopeptidaseenhancer. GO: collagenbinding; development;
cell growth and/ormaintenance; (27443.0e-041.4)

42 D38073a MCM3 minichromosomemaintenancede®cient3 (S. cerevisiae). GO: DNA
binding ; adenosinetriphosphatase; DNA replicationinitiation ; alphaDNA
polymerase:primasecomplex ; (28813.4e-041.7)

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

45 M94630a heterogeneousnuclearribonucleoproteinD (AU-rich elementRNA binding
protein1, 37kD). GO: nucleus; RNA binding ; RNA catabolism; RNA pro-
cessing; (45893.5e-041.9)
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48 X89398c uracil-DNA glycosylase.GO: DNA repair; base-excisionrepair; uracil DNA
N-glycosylase; (16903.6e-041.7)

49 L07594a transforminggrowth factor, beta receptorIII (betaglycan,300kD). GO: re-
ceptor; signaltransduction; development; integral membraneprotein; gly-
cosaminoglycanbinding; TGFbetareceptorsignalingpathway ; (5203.7e-04
1.4)

54 L11708a hydroxysteroid(17-beta)dehydrogenase2. GO: estrogenbiosynthesis; endo-
plasmicreticulummembrane; (7724.1e-041.2)

56 AB002382 catenin(cadherin-associatedprotein),delta1. GO: cell adhesion; (18074.2e-
041.5)

59 M64497a nuclear receptorsubfamily 2, group F, member2. GO: nucleus; lipid
metabolism ; signal transduction ; transcription co-repressor; ligand-
dependentnuclearreceptor; ligand-regulatedtranscriptionfactor; regulation
of transcriptionfrom Pol II promoter; (11524.4e-041.4)

60 D32002s nuclearcapbindingproteinsubunit1,80kD.GO:nucleoplasm; RNA binding;
mRNA splicing; bindingto mRNA cap; mRNA-nucleusexport ; (9564.5e-04
1.1)

67 L15388a G protein-coupledreceptorkinase5. GO: cytoplasm; solublefraction; phos-
pholipidbinding; proteinkinaseC binding;; G-protein-coupledreceptorphos-
phorylatingproteinkinase; G-proteinsignaling,coupledto cAMP nucleotide
secondmessenger; regulationof G-proteincoupledreceptorproteinsignaling
pathway ; (30785.1e-041.2)

69 U88898a unnamedHERV-H protein.(2495.3e-041.6)

73 K03192f cytochromeP450, subfamily IIA (phenobarbital-inducible), polypeptide6.
GO: microsome ; monooxygenase; cytochrome P450 ; coumarin 7-
hydroxylase; (15745.6e-042.3)

74 Z80776a H2A histonefamily, memberG. (4665.7e-041.4)

80 M15205a thymidinekinase1, soluble.GO: cytoplasm; thymidinekinase; nucleobase,
nucleoside,nucleotideandnucleicacidmetabolism; (37636.6e-041.6)

87 L07540a replicationfactorC (activator1) 5 (36.5kD).(10647.5e-041.4)

89 X13293a v-myb myeloblastosisviral oncogenehomolog(avian)-like 2. GO: chromatin
; anti-apoptosis; regulationof cell cycle ; transcriptionfactor; development;
transcriptionfrom Pol II promoter; (18718.3e-042.0)

90 U21128a lumican.GO: vision ; proteoglycan; extracellularmatrix ; cartilagecondensa-
tion ; extracellularmatrixglycoprotein; (1228.4e-041.6)

92 S94421a NA. (27938.6e-041.2)

94 M15465 s pyruvatekinase,liverandRBC.GO: pyruvatekinase; (29348.7e-041.5)

95 M63589a T-cell acutelymphocytic leukemia1. GO: oncogenesis; DNA binding ; cell
proliferation; (11898.8e-041.3)

96 HG3921-H homeobox A6. (22989.0e-043.2)

97 HG1102-H ras-relatedC3botulinumtoxin substrate1 (rhofamily, smallGTPbindingpro-
tein Rac1).GO: GTPase; cell adhesion; cell motility ; responseto wounding
; in¯ammatoryresponse; embryogenesisand morphogenesis; intracellular
signalingcascade;; (18159.0e-041.4)
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98 L05187a smallproline-richprotein1A. GO: structuralmolecule; epidermaldifferentia-
tion ; (7619.2e-041.3)

100 U70867a solutecarrierfamily 21(prostaglandintransporter),member2. GO:lipid trans-
port ; membranefraction; lipid transporter; integralplasmamembraneprotein
; (14259.5e-041.2)

Table3: Thetop rankingdownregulatedgenesin statisticalanal-
ysis. Numbersin parenthesishelp evaluatethe signi®canceand
relevanceof the result: expressionlevel of geneon the®rst chip,
P valuefrom thestatisticalanalysis,andthe averagefold change
betweenthelastandthe®rst category. Example:A fold changeof
-2.5 means2.5-fold downregulatedin the lastcategory relative to
the®rst category.

Rank Gene Annotations(expressionlevel Pvaluefoldchange)
1 HG1872-H CD74 antigen(invariant polypeptideof major histocompatibilitycomplex,

classII antigen-associated).GO: integral membraneprotein; classII major
histocompatibilitycomplex antigen; (239653.4e-06-3.5)

2 X63717a tumornecrosisfactorreceptorsuperfamily, member6. GO: receptor; apopto-
sis ; anti-apoptosis; solublefraction; signaltransduction; signaltransducer;
inductionof apoptosis; transmembranereceptor; proteincomplex assembly;
integral plasmamembraneprotein; integral plasmamembraneproteoglycan;
(23256.8e-06-1.8)

3 HG3576-H major histocompatibilitycomplex, classII, DR beta5. GO: integral plasma
membraneprotein; perceptionof pest/pathogen/parasite; classII majorhisto-
compatibilitycomplex antigen; (204661.7e-05-2.2)

4 D50925a PAS domaincontainingserine/threoninekinase.(14452.6e-05-1.3)

5 D16227a hippocalcin-like1. 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 chromosome6 openreadingframe9. (44434.7e-05-2.5)

10 L06797 s chemokine(C-X-C motif), receptor4 (fusin). GO: apoptosis; virulence; cy-
toplasm; chemotaxis; coreceptor; neurogenesis; pathogenesis; immunere-
sponse; invasivegrowth ; plasmamembrane; activationof MAPK ; chemokine
receptor; responseto viruses; in¯ammatoryresponse; G-proteincoupledre-
ceptor; histogenesisandorganogenesis; integral plasmamembraneprotein
; cytosolic calciumion concentrationelevation ; G-proteincoupledreceptor
proteinsignalingpathway ; (36846.5e-05-1.8)

11 U03105a prolinerich 2. GO: nucleus; proteinbinding; (63226.9e-05-4.0)

12 M92843 s zinc ®ngerprotein36, C3H type,homolog(mouse).GO: cytoplasm; mRNA
catabolism; single-strandedRNA binding; (53417.0e-05-2.6)
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14 M63904a guaninenucleotidebinding protein (G protein), alpha15 (Gq class). GO:
plasmamembrane; phospholipaseC activation;; heterotrimericG-proteinGT-
Pase,alpha-subunit ; muscarinicacetylcholinereceptor, phospholipaseC acti-
vatingpathway ; (79588.0e-05-2.8)

15 M14219a decorin. GO: extracellularmatrix ; histogenesisand organogenesis; chon-
droitin sulfate/dermatansulfateproteoglycan; (16498.1e-05-1.7)

16 U50527s hypotheticalgeneCG018.(4048.9e-05-3.1)

17 M32011a neutrophilcytosolic factor2 (65kD, chronicgranulomatousdisease,autoso-
mal 2). GO: cytosol ; soluble fraction ; electrontransporter; superoxide
metabolism; cellulardefenseresponse; (35009.3e-05-3.6)

18 M80563a S100calcium binding protein A4 (calcium protein, calvasculin,metastasin,
murine placentalhomolog). GO: calcium ion binding ; invasive growth ;
(184269.6e-05-2.7)

19 X79067a zinc ®ngerprotein36, C3H type-like 1. GO: nucleus; transcriptionfactor ;
(43181.2e-04-2.1)

24 L35249 s ATPase,H+ transporting,lysosomal56/58kD,V1 subunit B, isoform2. GO:
proton transport; hydrogenion transporter; vacuolarhydrogen-transporting
ATPase; (10691.4e-04-2.1)

25 L46720 s ectonucleotidepyrophosphatase/phosphodiesterase2 (autotaxin).GO:chemo-
taxis ; cell motility ; plasmamembrane; phosphodiesteraseI ; phosphate
metabolism; nucleotidepyrophosphatase; transcriptionfactorbinding ; in-
tegralplasmamembraneprotein; G-proteincoupledreceptorproteinsignaling
pathway ; (24811.8e-04-1.8)

26 Y00062a protein tyrosine phosphatase,receptortype, C. GO: protein tyrosine phos-
phatase; integralplasmamembraneprotein; cell surfacereceptorlinkedsignal
transduction; transmembranereceptorprotein tyrosinephosphatase; (1945
1.8e-04-2.6)

29 X55666a upstreamtranscriptionfactor1. GO: nucleus;; transcriptionfrom Pol II pro-
moter; speci®cRNA polymeraseII transcriptionfactor; (47832.0e-04-1.2)

30 U44754a smallnuclearRNA activatingcomplex, polypeptide1,43kD.GO:transcription
from Pol II promoter; transcriptionfrom Pol III promoter; (4022.1e-04-2.0)

31 M59465a tumornecrosisfactor, alpha-inducedprotein3. (65812.4e-04-2.5)

34 U37518a tumor necrosisfactor (ligand) superfamily, member10. GO: receptorbind-
ing ; solublefraction ; signaltransduction; cell-cell signaling; inductionof
apoptosis; integralplasmamembraneprotein; (7492.7e-04-2.8)

35 U79256a hypotheticalproteinMGC14258.(25732.8e-04-2.0)

36 M33600 f major histocompatibilitycomplex, classII, DR beta1. GO: pathogenesis;
classII majorhistocompatibilitycomplex antigen; (283082.9e-04-2.2)

39 U15085a majorhistocompatibilitycomplex, classII, DM beta.GO:chaperone; immune
response; MHC-interactingprotein ; perceptionof pest/pathogen/parasite;
(73203.2e-04-2.2)

40 U68494a NA. (15873.3e-04-1.6)
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41 AC002477 NADH dehydrogenase(ubiquinone)1 alphasubcomplex, 1 (7.5kD,MWFE).
GO: energy pathways; membranefraction ; NADH dehydrogenasecomplex
(ubiquinone)(sensuEukarya); NADH dehydrogenase(ubiquinone); (1412
3.4e-04-1.3)

43 U66838a cyclin A1. GO:; cytosol; malemeiosisI ; spermatogenesis; regulationof cell
cycle ; regulationof CDK activity ; (10553.4e-04-1.3)

46 U77735a pim-2 oncogene.GO: malemeiosis; cell proliferation ; proteinaminoacid
phosphorylation; proteinserine/threoninekinase; (67453.6e-04-1.7)

47 S73591a thioredoxininteractingprotein.(30543.6e-04-1.9)

50 M57466 s majorhistocompatibilitycomplex, classII, DPbeta1. GO:pathogenesis; per-
ceptionof pest/pathogen/parasite; classII major histocompatibilitycomplex
antigen; (144963.8e-04-2.2)

51 M27533 s CD80 antigen(CD28 antigenligand 1, B7-1 antigen). GO: receptorbinding
; immuneresponse; plasmamembrane; signaltransduction; (26404.0e-04
-1.9)

52 HG3484-H CDC-likekinase1. GO:regulationof cell cycle; cell proliferation; proteinser-
ine/threoninekinase; non-membranespanningproteintyrosinekinase; (1583
4.0e-04-3.1)

53 U60975a sortilin-relatedreceptor, L(DLR class)A repeats-containing.GO: transmem-
branereceptor; internalizationreceptor; receptormediatedendocytosis; inte-
gral plasmamembraneprotein; (46334.0e-04-2.3)

55 X61123a B-cell translocationgene1,anti-proliferative.GO:cell proliferation; cell cycle
regulator; negativeregulationof cell proliferation; (38644.1e-04-2.1)

57 U20734s jun B proto-oncogene.GO: chromatin; DNA binding ; transcriptionco-
activator ; transcriptionco-repressor; RNA polymeraseII transcriptionfactor
; regulationof transcriptionfrom Pol II promoter; (55854.2e-04-2.3)

58 K01383a metallothionein1A (functional).GO:heavy metalbinding; responseto heavy
metal; heavy metalsensitivity/resistance; heavy metal ion transport; (6085
4.4e-04-2.0)

61 U21551a branchedchainaminotransferase1, cytosolic.GO:cytosol; cell proliferation;
G1/Stransitionof mitotic cell cycle ; branched-chainaminoacidaminotrans-
ferase; branchedchainfamily aminoacidbiosynthesis; (5884.5e-04-2.0)

62 M25322a selectinP (granulemembraneprotein140kD,antigenCD62). GO: selectin;
cell adhesionmolecule; plasmamembrane; solublefraction; secretoryvesicle
; cell adhesionreceptor; integral plasmamembraneprotein; integral plasma
membraneproteoglycan; (5604.6e-04-1.0)

63 L07956a glucan(1,4-alpha-),branchingenzyme1 (glycogenbranchingenzyme,Ander-
sendisease,glycogenstoragediseasetypeIV). GO: energy pathways; glyco-
genmetabolism; 1,4-alpha-glucanbranchingenzyme; (19474.6e-04-3.1)

64 HG688-HT major histocompatibilitycomplex, classII, DR beta1. GO: pathogenesis;
classII majorhistocompatibilitycomplex antigen; (189104.7e-04-2.2)

65 K02765a complementcomponent3. GO: receptorbinding ; immuneresponse; signal
transduction; G-proteincoupledreceptorproteinsignalingpathway ; (2852
5.0e-04-1.6)

17

http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4694
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=8900
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=11040
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=10628
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=3115
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=941
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=1195
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=6653
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=694
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=3726
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=4489
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=586
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=6403
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=2632
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=3123
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=718


66 Z29066s NIMA (never in mitosisgenea)-relatedkinase2. GO: mitosis; centrosome;
regulationof cell cycle ; regulationof mitosis; proteinserine/threoninekinase
; (15645.0e-04-3.7)

68 U58091a cullin 4B. (3085.2e-04-2.2)

70 X71661a lectin,mannose-binding,1. GO:chaperone; Golgi membrane; proteinfolding
; bloodcoagulation; ER to Golgi transport; mannosebindinglectin ; integral
membraneprotein; endoplasmicreticulummembrane; (5225.3e-04-1.5)

71 D31767a DAZ associatedprotein2. (78145.3e-04-1.7)

72 U38545a phospholipaseD1, phophatidylcholine-speci®c.GO:membrane; chemotaxis;
phospholipaseD ; phospholipidmetabolism; RAS proteinsignaltransduction
; smallGTPasemediatedsignaltransduction; (16785.5e-04-1.9)

75 X53587a integrin, beta4. GO: integrin ; oncogenesis; cell adhesion; invasive growth ;
cell adhesionreceptor; (41445.7e-04-3.0)

76 L38487a estrogen-relatedreceptor alpha. GO: nucleus ; DNA binding ; ligand-
dependentnuclearreceptor; (63985.8e-04-1.2)

77 U90551a H2A histonefamily, memberL. (4826.3e-04-2.7)

78 M58459a ribosomalprotein S4, Y-linked. GO: RNA binding ; protein biosynthesis;
structuralconstituentof ribosome; cytosolic small ribosomalsubunit (sensu
Eukarya); (129616.4e-04-2.6)

79 M65217a heatshocktranscriptionfactor2. GO: responseto heatshock; transcription
factor; transcriptionco-activator ; transcriptionfrom Pol II promoter; (1096
6.5e-04-2.0)

81 U30521a P311protein.(14766.8e-04-2.7)

82 X77366a nuclearfactor(erythroid-derived2)-like 1. GO: nucleus; hemebiosynthesis;
transcriptionfactor; in¯ammatoryresponse; transcriptioncofactor; embryo-
genesisandmorphogenesis; transcriptionfrom PolII promoter; (34376.9e-04
-1.8)

83 L40379a thyroidhormonereceptorinteractor10. GO: proteinbinding; signaltransduc-
tion ; actincytoskeletonreorganization; (60217.0e-04-3.8)

84 M37721a peptidylglycinealpha-amidatingmonooxygenase.GO: solublefraction; pro-
tein modi®cation; electrontransporter; peptidyl-glycinemonooxygenase;
integral plasmamembraneprotein; (16407.0e-04-1.9)

85 X03100c majorhistocompatibilitycomplex, classII, DP alpha1. (155297.1e-04-2.0)

86 X69111a inhibitor of DNA binding3, dominantnegative helix-loop-helixprotein. GO:
development; transcriptionco-repressor; (28547.2e-04-1.3)

88 M20681a solutecarrierfamily2 (facilitatedglucosetransporter),member3. GO:glucose
transport; membranefraction; glucosetransporter; carbohydratemetabolism
; integralmembraneprotein; (123178.2e-04-2.2)

91 U39317a ubiquitin-conjugatingenzymeE2D2 (UBC4/5homolog,yeast).GO: oncoge-
nesis; invasivegrowth ; proteinmodi®cation; ubiquitin-proteinligase; ubiq-
uitin conjugatingenzyme; ubiquitin-dependentprotein degradation; (2572
8.5e-04-1.7)

93 X51408a chimerin (chimaerin)1. GO: GTPaseactivator ; SH3/SH2adaptorprotein ;
(75408.6e-04-2.3)
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99 L06845a cysteinyl-tRNA synthetase.GO: cytoplasm; tRNA binding; solublefraction;
proteinbiosynthesis; (55719.3e-04-1.8)
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Figure5: A histogramof all P-values.A uniformdistribution of P-valuesover theinter-
val 0 to 1 is indicative of few or nonedifferentiallyexpressedgenes.A peakat the low
endof thedistribution is indicative of differentialexpressionof many genes.

3.5 Functional categories

The top rankinggenesthat have a function annotatedby GeneOntology terms
have beenplacedinto functionalandprocesscategoriesasde�ned by the Gene
Ontology Consortium. Figure 7 shows the distribution of the upregulatedand
downregulatedgenesby function.Upregulationanddownregulationisdetermined
basedon the last category comparedto the �rst category. Figure 8 compares
upregulatedanddownregulatedgenesdirectlyby category.
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Figure6: A ºvolcanoºplot (Wol®nger, R.D. et. al. (2001)J. Comp. Biol. 8:625-638)
showing therelationshipbetweenP-valueandlog2 fold change(M). Therelationshipis
shown bothfor theoriginal data(red)andfor a permutationof thecolumns(green).The
permutation(shuf̄ ing of the data)shouldremove the signaland leave only the noise,
allowing an estimateof the P-valuesandfold changesthat canoccurby chancealone.
ThechosenP-valuecutoff of 0.000946is shown by a dottedline. Notethat to save time
only onepermutationis performed.Ideallyall possiblepermutationsshouldbetried.
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Figure7: Geneontologyfunctioncategoriesof thosetop rankinggenesthathave been
annotated.Thenumberof genesin eachcategory is shown in parenthesis.Notethatonly
a fractionof thetop rankinggeneshave beencategorizedwith ageneontologyfunction.
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Figure8: Geneontologyfunctioncategoriesof thosetop rankinggenesthathave been
annotated.Upregulatedgenesareshown in red,downregulatedgenesareshown in green.

3.6 Prediction of orphan function

Amongthetop rankinggenesaregeneswith unknown function. For thosegenes
wherethecompleteaminoacidsequenceis known or predicted,theProtFunsoft-
warewasusedto predictthefunctionin generalcategories(Table4).

Table4: ProtFunpredictionof orphangenefunction,if any.
Gene ProtFunPredictedCategories
U89336cds1at Cell envelope;Nonenzyme;Growth factor;
AB002382at Cell envelope;Enzyme;Ligase;Ion channel;
D31767at Cell envelope;Enzyme;Cationchannel;

3.7 Signal transduction pathway analysis
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The top genesweresearchedagainsttheTRANSPATH14 signaltransduction
database(www.transpath.deor www.gene-regulation.com). Table 5 shows the
results.

Table 5: Table of top ranking genesfound in TRANSPATH.
Expressionrefers to absoluteexpressionof of the geneon the
®rst chip, P-value of differential expressionand logfold change
in expression. Pathway refers to the nameof the pathway in
TRANSPATH in which the genewas found and the genename
refersto thenameusedfor thegenein thatpathway. If you click
on a geneidenti®er, your browserwill take you to a databasede-
scriptionof it.

Gene Expression Genenamein pathway Pathway Figure
X63717a (23256.8e-06-1.8) Fas cancernet 13

M63904a (79588.0e-05-2.8) G-alpha-16 IL-8 10

M59465a (65812.4e-04-2.5) A20 TNF alpha 12

L07594a (5203.7e-041.4) TGFR-III TGFbetamap 11

M27533s (26404.0e-04-1.9) CD80 CD28 9

The �gures shown on the following pagesgive a schematicoverview of the
signaltransductionpathwaysin which differentiallyexpressedgeneswerefound.
Rememberthat the signal is usually transmittedby protein-to-proteincontact.
Suchprotein-to-proteincontactis not detectedin a DNA microarrayexperiment.
What is detectedinsteadis if any genesencodingtheproteinsin thepathway are
regulatedor if any targetgenesof thepathwaysareregulated.

Thesignaltransductionpathway analysiswasextendedbeyondthetop rank-
ing genesto look for all genesin the experimentwhich could be mappedto a
TRANSPATH annotatedpathway. The purposeof this is to discover pathways
with anumberof differentiallyregulatedgenes,eventhoughthey onanindividual
genebasisdonotpassastatisticalsigni�cancetest.

Figure14 shows all the TRANSPATH pathwaysin which geneswerefound
andsummarizestheir rankin thestatisticalanalysis.

14Krull M, VossN, Choi C, PistorS, Potapov A, WingenderE. ºTRANSPATH: an integrated
databaseon signal transductionand a tool for array analysis.º Nucleic Acids Res. 2003 Jan
1;31(1):97-100.
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Figure9: TheCD28signaltransductionpathway.

Figure10: TheIL-8 signaltransductionpathway.
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Figure11: TheTGFbetamapsignaltransductionpathway.

Figure12: TheTNF alphasignaltransductionpathway.
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Figure13: Thecancernetsignaltransductionpathway.
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Figure14: A list of all signaltransductionpathwaysin which geneswerefound. The
x-axis shows the P-valueof eachgeneassignedto eachpathway. A P-valuecloseto 1
meansthe geneis almostcertainto be unchangedin the experiment. The smallerthe
P-value,thegreatertheprobabilityof differentialregulation. Pathwayswith differential
expressionshouldstandout from thebackgroundlevel.

27



3.8 Metabolic pathway analysis

A pathway analysiswas performedon the top ranking genesby running them
againsttheKEGGdatabaseof cellularpathways.Table6 shows theresults.

Table6: Tableof toprankinggenesfoundin KEGG.Thepathway
of thetopgenecanbeseenin Figure15andtheE.C.numberrefers
to thestepin thatpathway. If you click on a pathway name,your
browserwill take you to a ®gureof the pathway. You canlocate
theE.C.numberson the®gures.If you click on a geneidenti®er,
your browserwill take you to adatabasedescriptionof it.

Gene Description Pathway
U62317r aslA;arylsulfatase[EC:3.1.6.1](24917.4e-051.4) Sphingoglycolipidmetabolism

M14218a argininosuccinatelyase[EC:4.3.2.1](25751.3e-041.6) Arginineandprolinemetabolism

L46720s nucleotidepyrophosphatase[EC:3.6.1.9](24811.8e-04-1.8) PantothenateandCoA biosynthesis

AC002477 NADH dehydrogenase[EC:1.6.5.3](14123.4e-04-1.3) Oxidativephosphorylation

U21551a branched-chainaminoacid aminotransferase[EC:2.6.1.42](588 4.5e-
04 -2.0)

PantothenateandCoA biosynthesis

L07956a 1,4-alpha-glucanbranchingenzyme[EC:2.4.1.18](19474.6e-04-3.1) Starchandsucrosemetabolism

U38545a phospholipaseD [EC:3.1.4.4](16785.5e-04-1.9) Phospholipiddegradation

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 analysiswasextendedbeyond the top rankinggenesto
look for all genesin theexperimentwhichcouldbemappedto aKEGGpathway.
Thepurposeof this is to discover pathwayswith a numberof differentiallyregu-
latedgenes,eventhoughthey on anindividualgenebasisdo not passa statistical
signi�cancetest.

Figure16showsall theKEGGpathwaysin whichgeneswerefoundandsum-
marizestheir rankin thestatisticalanalysis.

3.9 Clustering of Genes

A visualizationof theexpressionof the top rankinggenesin eachof theexperi-
mentsis performedby clusteringwith theClusterExpresssoftware(Figure17).

A numberof K-meansclusteringswereperformedaswell. First thenumber
of clusters,K, wasoptimizedby measuringhow thenumberof clustersaffectsthe
qualityof theclustering(Figure18). ThenaK-meansclusteringusingtheoptimal
numberof clusters,2, wasperformed(Figure19).
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Figure15: TheKEGGpathway of thehighestrankinggenefrom Table6
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Figure16: A list of all KEGG pathwaysin which geneswerefound. Thex-axisshows
theP-valueof eachgeneassignedto eachpathway. A P-valuecloseto 1 meansthegeneis
almostcertainto beunchangedin theexperiment.ThesmallertheP-value,thegreaterthe
probabilityof differentialregulation. Pathwayswith differentialexpressionshouldstand
out from thebackgroundlevel.
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Figure17: Hierarchicalclusteringof top rankinggenesbasedon their vectorangledis-
tance.Thecolorscaleshowsfor eachgenethelogarithmof thefold changerelative to the
averageexpressionin the®rst category. For eachgene,thechip ID, thenumberreferring
to Table2 or Table3, aswell astheP-valuearegiven.
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Figure19: K-meansclusteringof toprankinggenesbasedontheirvectorangledistance.
Thecolor scaleshows for eachgenethe logarithmof the fold changerelative to theav-
erageexpressionin the ®rst category. For eachgene,the chip ID, the numberreferring
to Table2 andTable3, aswell astheP-valuearegiven. Thenumberof clusters,2, was
selectedby optimization.
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3.10 Promoter analysis

FromtheK-meansclusteringtheupstreamregionswereextractedfrom thegenes
of eachcluster. Thesoftwareprogramsacopatterns15 wasrun on eachclusterto
identify overrepresentedpatternsin theupstreamregions.Table7 showsthemost
overrepresentedpatternsfor eachcluster.

Table7: Analysisof the upstreamregionsof the K-meansclus-
terswith sacopatterns.Theoccurrenceof exactmatchesto each
patternis shown in the cluster(clustersizegiven in parenthesis)
andin thebackgrounddataset(setsizegivenin parenthesis).The
resulting(negative logarithmof the) probability of overrepresen-
tation from the hypergeometricdistribution is shown. For each
pattern,thegenesin which it wasfoundarelisted(up to 50 hits).
If a patternwasfound morethanoncein a gene,thenthat gene
will appearmorethanonceon thelist. Thesequencenumbersre-
fer to the numbersin the clusteringandin the tablesof up- and
down-regulatedgenes.

Pattern -log(P) In cluster In bg(4409genes) Foundin genes
Clusternumber1 (clustersize=60,upstreamregionsextracted=37)
Clusternumber2 (clustersize=40,upstreamregionsextracted=20)

An overrepresentationper se is not enoughto signify biological relevance.
To furthersubstantiatea pattern,thepatternscanbeextractedfrom theupstream
regionsandalignedwith context. If thereis conservationin theregionssurround-
ing thepatternthenthat furthersupportsbiologicalrelevance.The�nal determi-
nationwill comefrom biological veri�cation usingsite-directedmutagenesisor
bandshiftmethods.

TheGibbssampler16 wasrunonthesameclustersassacopatterns.TheGibbs
samplerlooksfor degeneratepatternswhichit triestocapturewith aweightmatrix
description.In all sequences,thebestmatchto thisweightmatrix is shown in the
output.Thealignmentallowsjudgmentof thedegreeof conservation.Theresults
areshown below:

15Jensen,L.J. and S. Knudsen,(2000) Automatic Discovery of Regulatory Patternsin Pro-
moterRegionsBasedonWholeCell ExpressionDataandFunctionalAnnotation.Bioinformatics
16:326-333.

16Lawrence,Altschul, Boguski,Liu, Neuwald & Wootton(1993)ºDetectingSubtleSequence
Signals:A GibbsSamplingStrategy for Multiple Alignmentº,Science262:208-214.
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Table8: Weightmatricesdescribinggibbspatternsin upstreamregionsof K-meansclus-
ters.Thehypergeometricsamplestatisticsis givenasthelogarithmof theP-value,where
i is the numberof times the matrix matchesthe positive setabove threshold,m is the
numberof timesthematrixmatchesthenegativesetabove threshold,andN andn arethe
sizesof thenegative andpositive sets,respectively. For eachpattern,thegenesin which
it wasfoundarelisted(up to 50 hits).
Base 1 2 3 4 5 6 7 8 9 10 11
Clusternumber1 (clustersize=60,upstreamregionsextracted=37)
HYP -2.698010i=11, m=941,N=4446,n=37
Consensus:GAGGCGGAGGC
Foundin genes41 5 5 5 71 6 6 6 8888 6262 5151 14 1429 5555 82
A 3 87 17 0 0 3 10 100 0 0 0
C 3 0 0 0 93 17 3 0 0 7 67
G 93 13 83 100 0 40 87 0 100 93 0
T 0 0 0 0 7 40 0 0 0 0 33
Clusternumber2 (clustersize=40,upstreamregionsextracted=20)
HYP -2.475133i=6, m=806,N=4429,n=20
Consensus:GGAGGCTGAGG
Foundin genes49 4949 22 8927 2744 4444 44
A 5 0 100 0 0 0 10 5 75 0 0
C 0 0 0 0 5 95 5 0 0 0 0
G 90 100 0 100 95 0 20 95 15 90 100
T 5 0 0 0 0 5 65 0 10 10 0

The transcriptionfactorbindingsitesin Transfac17 werechecked againstthe
sameclusters. All eukaryoticfactorswere matchedand the resultsare shown
below:

17 Matys V, Fricke E, Geffers R, GosslingE, HaubrockM, Hehl R, HornischerK, KarasD,
Kel AE, Kel-MargoulisOV, KloosDU, LandS,Lewicki-Potapov B, MichaelH, MunchR, Reuter
I, RotertS,Saxel H, ScheerM, ThieleS,WingenderE. ºTRANSFAC: transcriptionalregulation,
from patternsto pro®les.NucleicAcidsRes.2003Jan1;31(1):374-8.
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Table9: Analysisof theupstreamregionsof theK-meansclusters
with Transfac.Theoccurrenceof matchesto eachFactoris shown
in thecluster(clustersizegivenin parenthesis).More information
aboutthe Factorscanbe found by looking themup in the public
versionof Transfacat www.gene-regulation.de.For eachpattern,
the genesin which it was found are listed (up to 50 hits). If a
patternwasfound morethanoncein a gene,thenthat genewill
appearmorethanonceon thelist.

Factorname Foundin sequences
Clusternumber1 (clustersize=60,upstreamregionsextracted=37)
Sp1@human 63
HSF@fruit 4141 41 5 7110 1063 6363 63 636 6 6 6 2424 7676 76 1515

1515 8888 88 8862 6262 6262 51 5151 8484 8478 78 7878
3131 31 7979 18

HSF@yeast 415 5 5 5 5 10 1010 6363 2424 24 2476 8862 8484 84 7831
3131 31 3179 79 3957 61 3430 4346 29 5555 86 8670 82

CREB@human 61
CRE-BP1/c-Jun@mouse61
Sox-5@mouse 78
ADR1@yeast 6376 51 8457 34 3030 68 4386 8219 19 66
MZF1@human 7134 55 55
CdxA@chick 4115 47
CdxA@chick 7110 6 15 18 61
Bcd@fruit 18
Lyf-1@mouse 416 8814
NIT2@Neurospora 1024 79 3957 29 2966
SRY@mouse 415 5 10632415886278783131186130303030307066
HSF@fruit 34
cap@unknown 10
Clusternumber2 (clustersize=40,upstreamregionsextracted=20)
HSF@fruit 5656 5656 60 6060 6060 4273 73 9898 9899 8787 87 4949

5454 5467 33 3333 3395 5959 59 5959 5990 9090 90 1389
8927 27 2727 27 2727

HSF@yeast 5660 42 4242 73 9849 54 5454 3395 59 9090 90
Sox-5@mouse 54
ADR1@yeast 7373 99 8767 67 5989 27
E2F@mouse 42
CdxA@chick 5699 90
CdxA@chick 7333 90
Lyf-1@mouse 4989 44
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NIT2@Neurospora 56
SRY@mouse 6098 54 44
cap@unknown 95

3.11 Corr espondenceAnalysis

A correspondenceanalysiswasperformedonthe50toprankinggenesto look for
strongassociationsbetweengenesandexperiments(Figure20. If thereareonly
two categories,this associationdoesnot revealany new information.)Genesand
experimentsareeachprojectedinto thesametwo-dimensionalspace.A genethat
is far removedfrom thecenterof theplot (0,0) is associatedwith anexperiment
if that experimentis also far removed from the centerof the plot in the same
direction.
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Figure20: Correspondenceanalysisof the top 50 rankinggenesandthe experiments.
Genesare shown in one color and experimentsare shown in a different color. Gene
numbersreferto Table2 or Table3.
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4 Appendix A: parametersusedin this report

Table10: Parameterssetin parameter®le.

Parameter Value(optionsin parenthesis)
Nameof ®le dataunorm4.txt

Header FALSE (TRUE FALSE) Is therea headerin the®rst line
of the®le?

Columns 1 2 3 4 5 6 7 8 9 1011121314

Descript ID AN N N N A A A B B B C C C

File names day 7a amp.CEL day 7b amp.CEL day 7c amp.CEL
day 7a HIV amp.CEL day 7b HIV amp.CEL
day 7c HIV amp.CEL

Categories A A A B B B

ChipType HU6800(HG FocusHU6800 HG U95Av2 HG-U133A
MG U74Av2 RG U34A DrosGenome1YG S98 Ecoli
PaeG1aAG Other)

CompressedCEL ®les FALSE (TRUE FALSE)

Experimentname HIV Infectionof HumanT cells

Author SteenKnudsen

Organism hsa(bsurnopaeecoscedro mmupae)

A Ctrl

B HIV

CategoryNames Ctrl1 Ctrl2 Ctrl3 HIV1 HIV2 HIV3

Normalizationmethod qspline(qsplinequantileconstantloesscontrastsnone)

Expressionindex li.wong(li.wongavdiff medianpolish)

Removeoutliers FALSE (TRUE FALSE affectsonly li.wongcalculation)

Backgroundcorrection bg.adjust(FALSE bg.adjustsubtractmm)

Statisticalanalysis parametric(parametric)

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

Minimum cutoff for logfold calculation 1 (1-20)

Show resultsonX display FALSE (TRUE FALSE)

Max numberof genesto analyzefurther 100

Bonferronicutoff (maxnumberof falsepos.) 10

Logfold log2 (log2 log10hlog)

Color scheme red-green(blue-yellow)

Includetableof all genes NO (YES NO)

aswell
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