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Sunlight (J
Skin
I
7-Dehydrocholesterol
Cholecalciferol
(vitamin Da)
dietary intake
Vitamin Dy (fish, meat)
Vitamin D (supplements)
Liver
25-hydroxyvitamin Dy
1,25-dihydroxyvitamin Dg
. Maintains calcium balance
Kidney in the body
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Data mining ,
Statistical analysis
Pattern discoverystatistical learning
Machine learning , Predictive analytics,
Patadriven statistics
Inductive reasonindattern analysis ,
Knowledge discovery from databases,

Analytical processing,
e
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Bioconductor

Bioconductor version 2.7 (Release)

I~ AnnotationData (510)
I~ ExperimentData (68)
7 Software (408)
7 Annotation (55)
G0 (11)
Pathways (17)
ProprietaryPlatforms (1)
ReportWriting (15}
I~ AssayDomains (161)
I~ AssayTechnologies [254)
7 Bioinformatics (240)
Classification (27)
Clustering (32)
MultipleComparisons (29)
Preprocessing (78)
QualityControl {36)
SequenceMatching (&)
TimeCourse (10)
I~ BiologicalDamains (39)
= Infrastructure (176)

W ULy,
}3:\ /A\I(OOC
= 2]
S o)
% £
Tas TPXSQ
Packages
Software

ABarray® aCGH= ACME= ADaCGHZ = adSplit = affkwparser= affy» affycomp = Affyi
affvContam = affvcoretools = AffvExpress = affyIlM = affvio = affvlmGUI = affvPara =
afftvPLM = affvQCReport = AffvTiling = Agidx44PreProcess = AgiMicroRna = altcdfenvs:
annotate = AnnctationDbi = annotationTools = apComplex * aroma.light = ArravExpre:
arrayQuality = arravQualityMetrics = ArravTools = attract = BAC = BavesPeak * bavS:
beadarray = beadarraySNE * BeadDataPackR = betr* bgafun=® BEGmix®* bgx= BHC =
BiocCaseStudies » biocDatasets * biocGraph = biocWiews = bioDist * biomaRt = BioMYy
EBioSegiClasz » Biostrings * bridge = BSgenome* BufferedMatrix * BufferedMatrixMetk
CALIB = CAMERA = Category® cellHTS » cellHTS2 » CGEM* CGaHbase= CaHcall* o
CGHnormaliter » CGHregions* charm* ChemmineR = ChlIPpeakfnno * chipseg= CF
ChromHeatMap * clippda * clusterStab* CMA+* CHTools* CHviools = CoCiteStats =
CoGAPS = ConsensusClusterPlus = convert® copa®* coRMNAI* CORREF = cosmo® Cos
CRImage* cAdmm=® CSAR = ctce cycle® daMfA = ddCt= DEDS = DEGraph* DEGsec
diffGenefnalysis » DNAcopy * domainsignatures * dualksS = dvebias* Dwnloce® EBIr
edd = edgeR * eizar* exonmap* exploraze = Expression\iew = externalVector = fabi
farms = fdrame= flagme * flowClust = flowCore = flowFlowlo = flowFF = flowMeans =
flowStats = flowTrans = flowUtils = flowiz = frma= frmaTools* gaga=* gage= gaggle
genfrise = geneZpathway = Genefnswers = genefilter = GeneGhi * GensMeta = geneg
geneRecommender = GensReqgionScan * GeneRfold = GeneSelectMMD = GeneSelecto
GeneticsDesign = GeneticsPed = GenseTraffic* genoC * GenomeSraphs = genomeln
GenomicFeatures = GenomicRanges » GEOmetadb = GEQguery = GECQsubmission = G
girafe = GLAD = GlobalfAncova * globaltest = goProfiles = GOSemSim * goseg* GOst:
gpolzs = graph * GraphfAlignment = GraphAT = GS5EABase* GSEAImM = GSRI= Harshligh
HELE = HEM = Hilbert'is* HilbertWisGUI = hopach* HTgPCR = HTSanalyzeR * hyperd
Icens* iChip* idicgram* ImageHTS = impute* IRanges* iSeg* IsoGeneGUI=* ITA
iterativeBMA « terativeBMAzury = KCsmart* KEGGgraph * keagorthology = KEGGSO
lez = limma= limmaGUl* LiguidAszociation®* LMGene = logicFS = logitT= LPE= LFEa
LVSmIRMNA = maanova * macat® macCorrPlot* malE* maded = maigezFack = maks
makeFlatformDesign * MANCRE = MantelCorr®* marray * maSigPro® MassArray * Mas
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GCGCUCGCuaGU

CGGGUUGUCGC UCGCUCACUUCCUG

CUGUCUCGGGUCUC

!

CGCGAGCGACA

GCCCAACAGCG AGTGAGTGAAGGAC

GACAGAGCCCAGAG

¢—

TTTACATTTAGA
AAATGTAAATCT
GCGCGCAGCGAG

AG%ETACTCGTA
TCEBATGAGCAT
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Log(R/G)

oy

Pre-Norm Dilutions Dataset (array 20B v 10A)

37

Median -0.251

IQR 0 245

&Y&/\‘O(
c 2]
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Post-Norm: Dilutions Dataset (array 20B v 10A)

Median .0 00744
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Affymetrix GeneChip

> source ("http://www.bioconductor.org/biocLite.R")
> biocLite ("ygs98probe")
> library(ygs98probe)
> as.data.frame (ygs98probe[1:10,1:4])

sequence X vy Probe.Set.Name
1 CGATATGGAGGCAATGCTGGTAGAC 90 121 10000 at
2  GGAGGCAATGCTGGTAGACGAACTC 91 121 10000 _at
3 AATGCTGGTAGACGAACTCGTATGT 92 121 10000 at
4 GGTAGACGAACTCGTATGTGACACG 93 121 10000 at
5 CGAACTCGTATGTGACACGAGGGAC 94 121 10000 at
6 CGTATGTGACACGAGGGACCTACTT 95 121 10000 _at
7T GAGGGACCTACTTGATGTCGATGAA S6 121 10000 at
8 TGAGTCAGCACTTGAGGAAGAAACC 97 121 10000 at
9 TGAAGAACTAACTCTACTTACGGAA 98 121 10000 at

40 4.12.2010



Affymetrix GeneChip

> biocLite ("ygs98.db")
> library(ygs98.db)

> ygs980RF[["10000 at"]]

[1] "YLR331C"

> ygs98CHRLOC[["10000 at™]]
12

~790669

> ygs98CHRLOCEND[ ["10000 at"]]
12

-791046

41
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Affymetrix GeneChip S

> biocLite ("BSgenome.Scerevisiae.UCSC.sacCerl")
> library (BSgenome.Scerevisiae.UCSC.sacCerl)

> Scerevisliae$Schrl2[790669:79104¢6]
378-letter "DNAString" instance
seq: TCATAGTATGTTGTCTTTCACAACCAAGAATAGTT...CTTCAGATTCTTCA

> seq = Scerevlislae$Schrl2[790669:791046]
> probe = ygs98probe([l, 1]

> library (Biostrings)
> matchPattern (probe, seq)

Views on a 378-letter DNAString subject
subject: TCATAGTATGTTGTCTTTCACAACCAAGAATAG...T
views: NONE
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Affymetrix GeneChip

> matchPattern (probe, reverseComplement (seq))
Views on a 378-letter DNAString subject
subject: ATGGAAAAGGATGAGGAGGATGAAGAATCTGAA...TATTCTTGGTTC

vViews:

start end width
[1] 90 114 25 [CGATATGGAGGCAATGCTGGTAGAC]

> as.data.frame (ygs98probe[1,4:5])
Probe.Set.Name Probe.Interrogation.Position

1 10000 _at 102
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Gene Expression Omnibus: http://www.ncbi.nlm.nih.gov/geo/

ArrayExpress: http://www.ebi.ac.uk/arrayexpress/
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ArrayExpress
& o

Tools

Reset () Give us
T feedback

Agdvanced Search
Site Index H E‘!:-

| About Us | Help

| EBI Groups | Training | Industry

Experiment, citation, sample and factor annotations [clear]

Filter on [reset]

| | Saccharomyces cerevisiae

DArrayE{press data only

ﬁSubmitterfreviewer login

M Achvanced query syntax | Affymetrix GeneChip Yeast Genome 598 [YG_598]

All aszays by molecule E| by | Array

'?!:!’Arra vExpress Browser Help

B EEEREERRE R R E

B,
E-LEOL-1401

E-MEXF-2740

E-GECD-10104
E-GEOD-17867
E-GEOD-15254
E-GEOD-159156
E-GECD-15094
E-GEOD-18121
E-GEOD-181238
E-GEOD-18037
E-MEXF-2354

E-GECD-15465
E-GECD-15269

46

Title Ass

Listribution of different proteins related to sister chromatid cohesion during the cell cycle.

Transcription profiling by array of yeast wild type and Dhaal deletion mutants following acetic acid stress

Fene exprezsion response to the antifungal compound sampangine

Metabolically engineered urea degrading and urea importing Sake yeast strains K7 (WT), K7 Durl,2 and K7 Dur3
Integration of the general amino acid control and nitrogen regulatory pathways in yeast nitrogen assimilation
Transcription profiling of 5. cerevisiasair-liguid interfacial biofilm ve planktonic 5. cerevisiae cells

Transcription profiling of 5. cerervisiae chemostat growth samples reveals resistance to hop iso-I17-acids in yeas...
Transcription profiling of veast strains following heat stress

Transcription profiling of yveast to investigate the involvement of Snf7 and Rim101 in regulation of TIR1 and ana...
Transcription profiling of Saccharomyces cerevisiae early response to the antimalarial drug guinine

Transcription profiling of Saccharomyces cerevisiae Gisl overexpression time course

Tranzcription profiling of Saccharomyces cerevisiae reveals the regulation of reserve carbohydrate metabolism i

Tranzcription profiling of Saccharomyces cerevisiae mutant delta-spe3 delta-fmsl after spermidine treatment

4.12.2010
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ArrayExpress

> library (ArrayExpress)
> library(affy)
> affydata = ArravExpress ("E-GEOD-18037")

> affydata
AffyBatch object
size of arrays=534x534 features (18 kb)
cdf=YG S98 (9335 affyids)
number of samples=4
number of genes=9335
annotation=ygs98
notes=E-GEOD-18037
E-GEOD-18037
NA
c ("unknown experiment design type"

47 4.12.2010



AffyBatch

> pm(affydata) [1:5, ]

GSM451051.CEL GSM451049.CEL GSM451050.CEL

64704 10066.3 10329.3
64705 112.3 105.8
64706 112.8 112.3
64707 85.8 112.5
64708 ©9.5 80.3

> mm(affydata) [1:5, ]
GSM451051.CEL GSM451049.CEL

65238 7597.0 8203.3
65239 113.3 144.5
65240 84.0 80.8
65241 73.3 91.5
©5242 84.3 92.5

> dim(pm(affydata))

[1] 138412 4
> dim(ygs98probe)
[1] 138412 6

48
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2
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GSM451048.CEL
6084.

96.

105.

90.

16.

OO O

GSM451048.CEL

2949.0 4438 .3
100.0 131.0
60.0 76.0
55.0 80.5
1.3 72.0
4.12.2010



o-8. [TpusetcTBus

mope [emarorum

Mm.TexHonorum

49 4.12.2010



O( m_WZfWQ

3 AAI..L

— )

czz

\\

——\n V)
llﬂv

10

log(PM)

15 17 19

13

1

@O OO0 oMo Do @ |

[

GC content

Aisusiul Bo

© ©
P
©
JORNS.
S
W 4
U 4
© ©
= =
S 2 ~
— = >
oo~
O O X
— -~

1
1 O

_|_
Moo O
AAA

alphabetFrequency (probes)
+ actg [ , HGH]
= log(pm(affydata) [,1])

> probes = DNAStringSet (ygs98probel[,1])
— actg[, ncn]
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> library(affy)
> expdata = masd (affydata) > expdata = rma(affydata)

> exptable = get("exprs", assayData (expdata))
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> expdata =

> expdata =

> names (expdata)

[1]
[5]
[9]
[13]
[17]
[21]

"cdcl5 10"
"cdcl5 80"
"cdcls 120"
"cdcls 160"
"cdcls 200"
"cdcls 240"

> dim(expdata)

[1]

55

6178 24

read.table("http:

expdatal,26:49]

"cdcl5 30"
"cdclS 90"
"cdcl5 130"
"cdcls 170"
"cdcls 210"
"cdcls 250"

A
[
o
Iy

2,

1=
O\ o —
W —

~1

>
[7,]
-

,
ENsIS -

//genome-www.stanford.edu/ce

"cdcl5 50"
"cdcls 100"
"cdcl5 140"
"cdcls 180"
"cdcls 220"
"cdcls 270"

> expdatall:5,1:5]
cdcls 10 cdel5 30 cdel5 50 cdcl

YALOOLC
YALOOZW
YALOO3W

-0.16 0.09 -0.23
0.09 NA NA
-0.37 -0.22 -0.16

"cdcl> 70"
"cdcl5 110"
"cdcl5 150"
"cdcls 190"
"cdcls 230"
"cdcls 290"

Comprehensive ldentification of Cell Cyalegulated Genes of the
YeastSaccharomycesrevisiaky Microarray Hybridization.
Paul Spellman, et al. (1998)
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| .

> expdatal[l:5,1:5]
cdclb 10 cdclb 30 cdcl5 50 cdclb 70 cdeclb 80

YALOO1C -0.16 0.09 -0.23 0.03 -0.04
YALOO2W NA i NA  -0.58 0.23
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0.21
0.42
0.34
0.55
0.71
0.33
0.70
1.20

0.50
0.49
0.67
1.02
1.53
0.31
0.35
0.21
2.00 NA

4.12.2010
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KNN-Impute

Missing value estimation methods for DNicroarrays

Olga Troyanskaya , et al. (2000)
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> library (impute)
> expdata = 1mpute.knn(as.matrix (expdata)) Sdata
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> rsamp = sample(l:nrow(expdata), 1000)
> expdata.sample = expdatal[rsamp, ]

> 1mage (t (expdata.sample))
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> heatmap (expdata.sample)

64



. SISN/
" £/
OO \m@

A= —

WAA I.mn 4
[ ] — - \D “
AT

JuaLlainses|

Experiment

],type="1")

> plot (expdata.sample[l,
> for (1 1in 2:50)

(expdata.sample[i,],col

lines

=1i)
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cde1s 30

cdc15_10

> plot (expdata.sample[,1], expdata.samplel[,2])
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PCA1

> pc = prcomp (expdata.sample,
> plot (pc)
> plot(pc$Sx[,1], pcSx[,2])

retx=TRUE)
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> pC
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o0
Gdcl5_150 O
odols Xl i} odols 160
O coc1S_250 -
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cdcls 170 .
LR o SOS15_ 13
oac15 10,
0
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':”315%531-3 = O
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oS 9
[ [ [
-10 -3 0 2 10
prcomp (t (expdata.sample), retx=TRUE)
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KEGGanimpathway animations for highroughputdata.
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t ™ stdev(x)

1 —D(z,y) =191 + ToY2 + ... + TrnUm
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Single linkage
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Average linkage
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C] —
> ¢ = hclust (dist (expdata.sample, "euclidean"), "complete™)
> plot(c)
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> ¢ = kmeans (expdata.sample, 10)
> plot (pc$Sx[,1], pcSx[,2], col=cScluster)
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- AnnotationData (510) Software = Bioinformatics = Clustering
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Classification (27)
Clustering [32)
MultipleComparisons (29)
Freprocessing (78)
QualityCaontrol (36)
SequenceMatching (&)
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> ¢ = kmeans (expdata, 12)
> csize = table(cScluster)
1 2 3 4 5 6 7 8 9 10 11 1:

820 364 1431 155 104 97 657 806 79 697 512 45«

> par (mfrow=c (3,4))
> for (1 1n 1:12) plot(cScenters([i,], type='l")
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1.5

Cluster 1 (820 genes)

;

Cluster 5 (104 genes)

Cluster 9 (79 genes)

na

0.5

05

.

1.0
06 02

Cluster 2 (364 genes)

3 10 153 20

Cluster 6 (97 genes)

3 10 153 20

Cluster 10 (697 genes)

Cluster 3 (1431 genes)

<01 0.z
L 111

05 0.5

3 10 153 20

Cluster 7 (657 genes)

3 10 15 Z0

Cluster 11 (512 genes)

0.3 00

Cluster 4 (155 genes)

|

3 10 15 20

Cluster 8 (806 genes)

3 10 15 20

Cluster 12 (456 genes)

3 10 15 20 3 10 15 20 3 10 15 20 3 10 15 20
> my = which(cScluster == 6)
> expdata.my = expdatal[my, ]
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> gene names =

[1]

[6]
[11]
[16]
[21]
[26]
[31]
[36]
[41]
[46]
[51]
[56]
[61]
[66]
[71]
[76]

107

"YAROOT7C"
"YBROI1IOW"
"YCROG5W"
"YDRO97/C"
"YDR353W"
"YEROO3C"
"YGRO55W"
"YGR221C"
"YIL141wW"
"YJL18/C"
"YKLOGoW"
"YKRO13W"
"YLR183C"
"YLR326W"
"YNLO30W"
"YNROGGC"

rownames (expdata.my)

"YBLOOZ2W"
"YBRO73W"
"YDLOO3W"
"YDR113C"
"YDR356W"
"YERO91C"
"YGR109C"
"YHR110W"
"YJLOT74C"
"YJR148W"
"YKLOG /W"
"YLLOOZ2W"
"YLR212C"
"YLR383W"
"YNLO31C"
"YOLOO7C"

"YBLOO3C"
"YBROBBC"
"YDLO18C"
"YDR224C"
"YDR503C"
"YERO95W"
"YGR151C"
"YHR143W"
"YJLOT78C"
"YKLOO1C"
"YKL101wW"
"YLLO22C"
"YLRZ286C"
"YMLO2TW"
"YNLZ262W"
"YOLO17wW"

"YBLO35C"
"YBROB9W"
"YDLO55C"
"YDR225W"
"YDR528W"
"YER124C"
"YGR152C"
"YILOG6C"
"YJL115W"
"YKLOOB8C"
"YKL127W"
"YLR103C"
"YLR300W"
"YMR179W"
"YNLZ263C"
"YOLO19wW"
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"YBROO9C"
"YCLOeOC"
"YDL101C"
"YDR309C"
"YEROO1W"
"YGL163C"
"YGR189C"
"YIL140W"
"YJL173C"
"YKLO45W"
"YKRO12C"
"YLR121C"
"YLR313C"
"YMR199W"
"YNL300W"
"YOLOSOW"



Cell division genes

> gene names =

[1]

[6]
[11]
[16]
[21]
[26]
[31]
[36]
[41]
[46]
[51]
[56]
[61]
[66]
[71]
[76]

108

"YAROOT7C"
"YBROI1IOW"
"YCROG5W"
"YDRO97/C"
"YDR353W"
"YEROO3C"
"YGROSOW"

'"'YGR221C"

Y T1W
"YJL18/C"
"YKLOGoW"
"YKRO13W"
"YLR183C"
"YLR326W"
"YNLO30W"
"YNROGGC"

rownames (expdata.my)

"YBLOOZ2W"
"YBRO73W"
"YDLOO3W"
"YDR113C"
"YDR356W"
"YERO91C"
"YGR109C"
"YHR110W"
"YJLOT74C"
"YJR148W"
"YKLOG /W"
"YLLOOZ2W"
"YLR212C"
"YLR383W"
"YNLO31C"
"YOLOO7C"

"YBLOO3C"
"YBROBBC"
"YDLO18C"
"YDR224C"
"YDR503C"
"YERO95W"
"YGR151C"

"YHR143W'

YJLO /&
"YKLOO1C"
"YKL101wW"
"YLLO22C"

"YLR286C'

" [\ (] n
"YNL262W"
"YOLO1/w"

"YBLO35C"
"YBROB9W"
"YDLO55C"
"YDR225W"

YER124C"

"YILOG6C"
"YJL115W"
"YKLOOB8C"
"YKL127W"
"YLR103C"
"YLR300W"
"YMR179W"
"YNLZ263C"
"YOLO19wW"
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"YBROO9C"
"YCLOeOC"
"yNT.1 010"
YEROOIW
"YGL163C"
"YGR189C"
"YIL140W"
"YJL173C"
"YKLO45W"
"YKRO12C"
"YLR121C"
"YLR313C"
"YMR199W"
"YNL300W"
"YOLOSOW"



GO:000998T
cellular process

GO:005164]
cellular localization

part of

GO:0051640
organelle
localization

GO:0051649
establishment of
localization in cell

109

part of

GO:0051179
localization

part o &

GO:0051234
egablishment of
localization

GO:0051656
egablishment of
organelle
localization

isa

r
4 Vi d
_ GO:0000003
isa reproduc ion

/
NAn .,

A

[
o
Iy

&

e

7as 1

GO:0033036
macromolecule
localization

GO:0006810
transport

isa

GO:0045184
establishment of
protein localization

GO:0001906
cell killing

GO:0008] 52
metabolic process

part of

GO:0022414
reproduc ive process

GO:0008104
protein localization

part of

GO:0006403
RMA localization

part of

GO:005]1236

localization

edablishment of RMA

http://www.geneontology.org
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> library (GO.db)

> GOTERM[["GO:0007117"]]

GOID: GO:0007117

Term: budding cell bud growth

Ontology: BP

Definition: The process by which the bud portion of a cell
reproduces by budding irreversibly 1lncreases 1n size O
by accretion and biosynthetic production of matter sim
that already present.

Synonym: bud growth

110 4.12.2010



> library (org.Sc.sgd.db)

> names (org.Sc.sgdGO[ ["YGR221C"] ])

[1] "GO:0007117"™ "GO:0007117"™ "GO:0005886" "GO:0005934" "GC
[6] "GO:0016020" "GO:0016021"™ "GO:0033101"™ "GO:0003674"

111 4.12.2010



> library (org.Sc.sgd.db)

> names (org.Sc.sgdGO[ ["YGR221C"] ])

[1] "GO:0007117"™ "GO:0007117"™ "GO:0005886" "GO:0005934" "GC
[6] "GO:0016020" "GO:0016021"™ "GO:0033101"™ "GO:0003674"

> 0rg.Sc.sgdGO[ ["YGR2Z21IC"]][[1]]
$SGOID
[1] "GO:0007117"

SEvidence
[1] |'I'IMPH'

SOntology
[1] |'I'BPH'

112 4.12.2010
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® o ) sfzdzw ydw
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‘C“‘ ® o 6178 GJ dzso,
o © ‘C: “ dL Ctlsster = 40
,C‘: “0, CHOdzdats 2 W izdzS yd
@ ® 09 o0
® o
®
> nrow (expdata)
[1] 6178

> go7117 = unique (org.Sc.sgdGOZ2ALLORFS[["GO:0007117"]1])

> length (go7117)
[1] 40

116 4.12.2010



»e
[}
=
&

(Y \\ ~ 2 ~7 7 ~ \\ 3 1] \\ [ ,in; u;;_l/\\;zg (o]
® o0
L I8 ® s zOMmls j te
O ® 97 G j dzso
@ o © dL Coltster 7 1 t
o ® © CHOdzdzts 2 W 2 dz§ y d
@ O
O
> length (gene names)
[1] 97
> length (intersect (go7117, gene names))
[1] 1
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I s Zdzv yd W s dzOMmls j to

6178 &jdzso, 97 C¢jdzso,

dL Clstster = 40 tgls dztS fipslisfipw = 1
CHOdzdzets?2 WEZdz2C yd v Odedets?2 WlkzdeC y

> dhyper (1, 40, 6178-40, 97)
[1] 0.3402958

> 1-phyper (0, 40, 6178-40, 97)
[1] 0.4700858

119 4.12.2010



120

P-value< 0.01
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GO:0001717

GO0O:000178B

GO:000173®

G0O:0001721

G0O:0001722

G0O:0001723
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False Discovery Rate
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False Discovery Rate Cine’
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False Discovery Rate
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> library (GOstats)

> params = new ("GOHyperGParams",

+ genelds=gene names,
universeGenelds=rownames (expdata),
annotation="org.Sc.sgd.db",
ontology="BP",
pvalueCutoff=0.01/1000,
testDirection="over",
conditional=TRUE)

+ + + + + +

> hgTest hyperGTest (params)

Gene to GO BP Conditional test for over-representation
733 GO BP 1ds tested (22 have p < 1le-05)
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> paste (gene names, collapse=" ")

[1]
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‘J:Profiler=—=

Welcome! | About

Contact

http ://biit.cs.ut.ee/ gprofiler

g:Cocoa Compact Compare of Annotations

g:Convert Gene ID Converter

B——

g:Sorter Expression Similarity Search

g:0rth Orthology search

J. Reimand, M. Kull, H. Petersen, J. Hansen, 1. Vile: g:Profiler -- 3 web-based toolset for functienal prefiling of gene lists from large-scale experiments (2007 ) NAR 35 W193-W200 [FOF]

[7] Organism

| Saccharomyces cerevisias

[=]

[7] Query (genes, proteins, probes)

YAROO7C YBLOOZ2W YBLOO3C =

YBROY2W YBROBEC
YBROSSW YCLOGOC
YCROGSW YDLOOD3W
YOLO18C YDLOSSC YDL101C
YDRO9VC YDR113C YDR224C ~
YDR225W YDR309C

YBLO25C YBROOOC YBRO10W @

A

[?7] or Chromosome region
X [=] |start

[?7] or Term ID:

end

[ g:Profile! | | Clear |

== g:Convert
Gene ID Converter

Output options

[2] Significant only

[?] Hierarchical sorting
(7] |1.00 |User p-value
[7] Output type
|Graphica| (PNG)

Input options

7] [l ordered query

[?] |:|Ignnre unknown entries
[7] Numeric IDs treated as

| ENTREZGENE_ACC [+

| Show advanced options |

[=]

E [7] Inferred from experiment (IDA4, IPI, IMP, IGI, IEP)
Bl Direct assay [IDA] / Mutant phenotype [IMP]
ﬂﬂ Genetic interaction [IGI] / physical interaction [IPI]

HDDExpressinn pattern [IEP] / Sequence or structural similarity [ISS] [/ G
“ ﬂ ﬂTraceabIe author [TAS] / Non-traceable author [NAS] / Inferred by o

BB reviewed computational analysis [RCA] / Electronic annotation [IEA]
E Multiple GO evidence codes

I nNo data [ND] / Mot annotated

MEB KEGG/REACTOME pathway

E |E| [?7] TRANSFAC regulatory motifs / miRBase microRNA sites

g:Profiler-- a webbased toolset for functional profiling of
gene lists from largecale experiments

>
Ortholog ; ]
Jyri Reimand, et al. (2007)
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- | g
Z.
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2 &S
ras TRE

~1

P-walue T n] 0T Q&ETA0 QETAT term ID term domain and name

LAEe-0G 293 a7 17 0175 0058 GOzoo51301 BP cell division (12
LA9e-05 Fi= 97 8 .08z 0105 GOz 0007 3dE BF regulation of mitotic
e-00 22 97 8 0,052 0,227 GO Ro0706ad BEP mitotic sister chromat:
B2e-12 77 97 14 0.144d odgz =T GOzoo71103 BF OMA conformation change
. 3%e-05 1654 97 45 0 .diod 0027 = GOz oo 6043 BF cellular component org:
le-12 di a7 12 0124 0261 = GO 0006323 BP OMA packaging (23
L2e-05 211 aF 13 0.134 0,062 = GO:003de22 BEP cellular macromolecular
Ldae=-11 55 a7 12 0124 0.218 = GOz OoaSo0d BF protein-ONA complex
.29 =11 aig N (0.340 (.05 1= GOz O007F0dS BF cell cucle (1
LOde-10 14 97 28 0,299 0,056 = GO:R0z2402 BEP cell cucle process
LAle-08 47 97 23 0.237 0057 = GOzO022403 BF cell cucle phase
LFde-06 37 97 17 0175 0054 = GO 0000273 BP M phase (d)
BFe-06 287 97 16 0165 0056 = GO z0a00273 BP mitobtic cell cucle (
LA0e-08 552 aF 27 0,278 0,040 = GO:0051276 BP chromozome arganizatior
L28e-05 62 aF 7 0072 0113 = GO zoa00a19 BP zizter chromatid =seg
L15e-05 221 97 13 0.13d 0.059 = GO 0006325 BF chromatin organizati
LBEe-11 X 97 11 0,113 0,206 = GO:0034725 BEP nucleozame argani:
H8e-10 a1 97 11 0,113 0,216 = GO QO0e333 EP chromatin assembl
Jdde-12 jia] 97 11 0,113 0,314 = GO:0031497 EP chromatin assen
B7e-13 a2 a7 11 0,113 0, 3d4 = GO zoooa33d BP nucleosomne &
LAde-05 72 97 8 .08z 0111 = GOz0R0FL27 BP meioziz I (1D
LAde-06 13 97 5 .05z 0.278 GOz000E273 BP lagging strand elongat:
L 30e-05 200 97 12 0.12d o.s0 =TS GOz 0009392 BF negative regulation of
A0e-05 175 97 11 0113 0.063 = GO:oo51172 BF negative regulation
lizn_l”‘l"_\. 490 a7 ol [ i AN E G 3 2372 [=]u} et i us r'\-n:--:i||1:-+i|:|n
.35 . . . HH 1 of
:Profiler-- a webbased toolset for functional profiling of
i 1 of
14 gene lists from largscale experiments s ¢
258 - . =z
3 Jyri Reimand, et al. (2007) o s
I S o - e SR — S — - SR Y
JBde-11 271 a7 22 0227 0081 = GOz 0005274 BF responze to ONA o



http ://biit.cs.ut.ee/ gprofiler

Z miim S
%&’Tlﬂnﬁs?ﬁi\&
. | KEGE 200240 ke Purimidine metaboliszm (12
I | KEGE 105030 ke ONA replication €13
KEGG 034350 ke Mizmatch repair <12
KEGG 03440 ke Homologous recombination ©1)
| k. | KEGG :0d111 ke Cell cucle - yeast (1)

g:Profiler-- a webbased toolset for functional profiling of
gene lists from largsecale experiments
134 Jyri Reimand, et al. (2007)
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http ://biit.cs.ut.ee/ vishic & ““

. VisHiGi hierarchical functional enrichment analysis of microadatya

Darya Krushevskaya, et al. (2009)



4 C
|7 3.32e-004 cell, bone marrow, stem cell, lung, hippocampus, brain, cerebellum, testis, fibroblast, serum, erythrocyte, sciatic |

|7 5.89e-009 hippocampus, brain, cerebellum, spinal cord, cingulate cortex, adult mouse, amygdala, retin

¥ 4.46e-009 hippocampus, brain, cerebellum, spinal cord, cingulate cortex, adult mouse, amy¢

=1.69e-033 adult mouse, retina

¥ 3.67e-009 hippocarnpus, brain, cerebellurn, spinal cord, cingulate cortex, amygdala, by
[ 2.55e-009 hippocampus, brain, cerebellum, spinal cord, cingulate cortex, amygdala

* 8.48e-003 spinal cord
< 2.43e-031 pituitary gland
—1.26e-019 pituitary gland
4 9,40e-010 pituitary gland

.7 2.93e-005 cell, bone marrow, stem cell, lung, testis, fibroblast, serum, erythrocyte, sciatic nerve, myoblast, s
| 9.79e-004 lung, skin, mammary gland, apoptosis, colon, small intestine, adrenal gland, blood, lymph no

¥ 3.06e-005 lung, skin, apoptosis, adrenal gland, blood, mammary gland, adipose tissue, uterus

[d 2.54e-005 lung, skin, adrenal gland, blood, mammary gland, adipose tissue, uterus

[ 1

Text mining for automatic annotation of microarray experiment clusters
Aleksandr Tkachenko , et al. (2008)
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+ + + 4+ + + + + + +V

> library (BSgenome.Scerevisiae.UCSC.sacCerl)

getPromoter = function(g) {
chr = org.Sc.sgdCHR][ [qg] ]
if (is.null (chr)) return (NULL)
g start = org.Sc.sgdCHRLOCI[ [g]]
chrdata = Scerevisiae[[sprintf ("chr%s", chr)]]
p start = g start - 499
1f (g start < 0)
return (complement (chrdatalabs (p start) :abs(g start
else
return (chrdata[p start:g start])
}

) 141 4.12.2010
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> ps = apply(as.matrix(gene names),l,getPromoter)
> random genes = sample (rownames (expdata), 500)
> ns = apply(as.matrix(random genes),1l,getPromoter)
> for (1 in l:length(ps))
+ for (3 in (1: (length(ps[[1]1]1)-7)))
+ strs = c(strs, toString(ps[[1]]1[7]:(+7)]1))
> strs = unilque (strs)
> length(strs)
[1] 28843

> pd = PDict(strs, tb.start=3, tb.width=3)

p 142 4.12.2010



>
>
+
+

>
>
+
+

>
>
_l_

countPos = rep (0,

for (1 1n 1l:length(ps))
= countPos +

countPos

(countPDict (pd, psl[[1]], max.mismatch=2)

countNeg = rep (0,

for (1 in 1l:length(ns))

countNeqg

= countNeqg

(countPDict (pd,

pvalues = c|()

for (1 in 1l:length(strs))

pvalues[1]

= l-phyper (countPos[1]-1,

> pv = p.adjust (pvalues,
motifs = which(pv < 0.001)

>
>

strs[motifs]

[1] "GACGCGTC"

"TGCGCGTT"

length (strs))

length(strs))

_l_

ns[[1]], max.mismatch=2)

llfdrll)

"GACGCGTT"

length (ps),

4.12.2010
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ety
> m = strs[motifs[1]]
> all matches = as.character(
— matchPattern(m, ps[[1]], max.mlismatch=2))
> for (1 in 2:length(ps))
+ all matches = c(all matches,
+ as.character (matchPattern(m, ps[[1i]], max.misma
> cm = consensusMatrix(all matches, as.prob=TRUE) [1:4, ]

> librarvy(seqglLogo)
> seqLogo (cm)

1.5

7 AC0cTe

0 B SR i - — —

Information content

1 2 3 4 5 6 7 8
144 Position
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> y = expdatal[names (ns), 1]

> x1 = sapply(ns,
> X2 = sapply(ns,

> boxplot (y~x1)

function(s) { countPattern(m, s, max.mis
function(s) { countPattern ("GATTACAG", s

]

- "
o
8

g

R —

© 7 P#Qﬁiir—LWE;Q

JR—

—

-

|
0 1

151

1
5

> Im(y ~ x1 + x2)

(Intercept) x1 X2
-0.024606 0.03667 -0.01961
4.12.2010



p o h " co 7o’ o a -t o g,Ekpffiglc. h
) Y h " e e o a e””i\* ‘H_mec
’“*e<we*’Y _oa”™ e” ¢ Y
choao}«él”: aot o Y

Expr|g] = a1mg1 + aamge + ... + apmgg
mg; = HasMatch(Motif;, Promoter|g|)
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> M[1:5,1:5]

YALOO1C
YALOO2W
YATL.OO3W
YALOO4W
YALO005C

> as.matrix(g[l:5],

YALOO1C
YALOO2W
YALOO3W
YALOO4W
YALOOS5C

155

-0.
.2150000
. 3700000

-0
-0

-0.
-0.

= O B =D

[,1]
1600000

4433333
4300000

ncol=1)

4.12.2010
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> motifCorrs = rep(0,ncol (M))
> for (1 1n l:ncol(M)) motifCorrs[i] = abs(cor(M[,1], g))

> sort (motifCorrs, decreasing=TRUE) [1:5]
AGATGAG GATGAGG TGATGAG GGAGATG GCCAATC
0.06426586 0.06394384 0.06220971 0.06072638 0.06054394

Regulatory element detectiomsing correlation with expression.
157 Harmen Bussemaker,et al. (2001)



High-resolution DNA binding specificity
analysis of yeast transcription factors

Cong Zhul, Kelsey Byers!, Rachel McCordZ, Zhenwei Shi2,
e

experimentally determined DMNA binding specificities, Among other novel

regulators, we discovered proteins that bind the PAC (Polvme rase A and C) motil

nrJ regulate rRNA transcription and processing, core cellular
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G=MAT:Linking Transcription Factor Expression with DNB\ding
Konstantin Tretyakov , et al. (2008)
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} MicroarrayDataAnalysis Methodsand Applications Michael JKorenbergeditor)
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} Motif Discoveryon Promotor SequencesMaximilianHaeussler
ftp:// ftp.inria.fr/INRIA/publication/publipdf/RR/RR5714.pdf

1 PatternDiscoveryfrom Biosequences]aak/ilo
http://ethesis.helsinki.fi/julkaisut/mat/tieto/vk/vilo/

} R &Bioconductor
} BioconductorCaseStudies F.Hahne W. Huber.

} foo0® " Remoo e Y
http:/Mww.amazon.com/s/ref=nb_sb_noss?url=sealtdis%3Dstripbooks&fiekkywords=statistics+R
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Image references K

The following images by various authors are used in this presentation:
}  Slidel: http://en.wikipedia.org/wiki/File:The_Scream.jpg

} Slide2:
} http://maps.google.com/

} http:/Mww.smarttravel.ee/images/tartu.jpg
} Slide3:

} http:/AMww.histrodamus.ee/upload/files/0.jpg

} http:/Mmww.bbsed2007.ttu.ee/public/UT.jpg

} http://www.flickr.com/photos/40397630@N00/5581453&9Triin Noorkdiv
}  Slide 4: Photo @aak/ilo
} Slide 5http://www.stacc.ee© STACC
} Slide 7:

} http://brendanbody.blogspot.com/2010/04/weighvblem.html

} http://en.wikipedia.org/wiki/File:Justus _Sustermari®ortrait of Galileo_Galilei, 1636.jpg
} Slide 8:

} http://en.wikipedia.org/wiki/File:Tycho_Brahe.JPG

} http://en.wikipedia.org/wiki/File:Johannes_Kepler_1610.jpg

} http://www.astro.psu.edu/users/stark/outreach/Kepler

} Slide 9http:/AMvww.foundalis.com/phi/WhyTimeFlows.htm

} Slide 10: Derived fromitp://demotivators.ru/posters/72755/smofnzmir-prosche.htm
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