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Challenges in Microarray Data Analysis

How can we combine microarray data
with biological knowledge?

Microarrays
measuring
>10,000
genes

Existing
Biological
Knowledge




Signal Dependent Genes - Downregulated

BLAST Definitions

"Homolowgous to sw 007021: PRE-MBHA SPLICIHG FACTOR SF2. P32 SUBUHIT PRECURSOR (GCIO-R PROTEINH)
"Mus musculus nroteasome activator PA2§ alvha subunit mBHA, complete cds"

"Mus musculus cdc3? homdlooa mRHA. comwlete cds"

'"Mus musculus ornithine decarboxvlase antizvme gene, complete cds"

M.musculus mBHA for carnitine acetvltransferase

"Homolowous to sw 000779: CRALCTUM-TRAHSPORTING ATPASE SARCOPLASMIC RETICULUM TYPE (EC 3.6.1.31
"Homologous to sp P11507: CRALCTUM-TRAHSPORTING ATPASE EHDOPLASMIC RETICULUM TYPE (EC 3.6.1.38)
M.musculus EHO3 mRHA for enolase heta subunit

"Homologous to sp P47858: 6-PHOSPHOFRUCTOKINASE . MUSCLE TYPE (EC 2.7.1.11) (PHOSPHOFRUCTOKIHAS
Homolowous to sn P23327: SARCOPLASMIC FETICULUM HISTIDIHE-RICH CALCIUM-BIHDING PROTEIN PRECURS
"Mouse RAE3 mRHA. comlete cds"

"M.musculus glucose transnorter 2 mRMNA. comlete cds"

Mus musculus asnartate aminotransferase uene 5'-flank and exon 1

'"Mus musculus thioredoxin-denendent neroxide reductase (tnx) mBHA. commlete cds"

"Homoloaous to sn P47858: 6-PHOSPHOFRUCTOKINASE . MUSCLE TYPE (EC 2.7.1.11) (PHOSPHOFRUCTOKRIHAS
"Homolowous to sp P11508: CRALCTUM-TRAHNSPORTING ATPASE SARCOPLASMIC RETICULUM TYPE (EC 3.6.1.314
"Homologous to sw P35434: ATP SYHTHASE DELTA CHATH. MITOCHOMDRIAL PRECURSOR (EC 3.6.1.34)."
"Mus musculus FIFOATP svnthase commlex E subunit {(fitnik) dene. commlete cds"

"Mus musculus HAD(H) -snecific isocitrate dehvdrogenase gamma subunit precursor, mRHA, complete
"M.musculus adene for dodecenovl-CoR delta-isomerase. exons 1 and 2"

"Mus musculus cvtochrome c oxidase subunit VIIT-H wrecursor (COXSHY mBHA. comlete cds"
'"Homologous to sw P35745: RCYLPHOSPHATASE . MUSCLE TYPE ISOZYME (EC 3.6.1.7) (RACYLPHOSPHATE PH(
"Mus musculus (D-1 cardiac tromonin I mBHA. commlete cds"

"Homolowgous to sp PO0566: CREATIHE KINASE. M CHAIM (EC 2.7.3.2) (HU-2 PROTEIN)."

Mouse mRHA for nrotein with homoloav to transition protein 2 (TP2)

Mus musculus Selenium-binding liver brotein mRHR

"Mus musculus iclone MAR1) aldose reductase mBHR. commlete cds"

"Mus musculus vascular endothelial urowth factor B 186 (VEGF-B) precursor, mRHL, complete cds'
M.musculus mRHA for HADP transhwdrodgenase

"Mus musculus aldehvde dehvdrogenase (RLDH2Y mBHA. nuclear gene encoding mitochondrial protein
"Mouse cvtosolic enoxide hvdrolase mEHA. commlete cds"

"Mus musculus 1295V carnitine malmitovltransferase IT mAHA. commlete cds"

"Mus musculus medium-chain acvl-CoRt dehwdrogenase mRHA. comlete cds"

"Mus musculus long-chain acvl-CoR dehvdrogenase mBHA. commlete cds'

"Mus musculus verv-long chain acvl-Coll dehvdrogenase mBRHA, partial cds"

Mouse muscle creatine kinase mRHA {(EC 2.7.3.2%

"Mus musculus isocitrate dehvdrogenase mRHA. commlete cds"

"Mus musculus lonag chain fatty acvl Cok svnthetase mBHR. commlete cds"

"Mus musculus sterol carrier nrotein-2 {(SCP-2) uene. comblete cds"

'"Mouse alpha-tubulin isotype M-alpha-4 mBHA, complete cds'

[l




Signal Dependent Genes - Downregulated
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Components of Fatty Acid Degradation

BLAST Definitions

"Homolowous to sp 007021: PRE-MBHA SPLICIHG FACTOR SF2. P32 SUBUNHIT PRECURSOR (GCIQ-R PROTEIN)
"Mus musculus nroteasome activator PA28 alvha subunit mEHA, complete cds"

"Mus musculus cdc3? homoloa mRHA. comlete cds"

"Mus musculus ornithine decarbhoxvlase antizvme gene, complete cds'

M.musculus mRNA for carnitine acetyltransferase
"Homolowous to sp 000779: CALCTUM-TRANSPORTING ATP
"Homoloaous to sn P11507: CALCTUM-TRANSPORTING ATPASE EF
M.musculus EHO3 mRHA for enolase heta subunit
"Homologous to sn P47858: 6-PHOSPHOFRUCTOKINASE . MUSCLE TYPE
Homolocous to sn P23327: SARCOPLASMIC RETICULUM HISTIDIHE-RICH
"Mouse RAE3 mBRHA. comlete cds"

"M.musculus alucose transnorter 2 mRHA. comlete cds"

Mus musculus asnartate aminotransferase uene 5'-flank and exon 1
'"Mus musculus thioredoxin-denendent meroxide reductase (tnx) mRHR. c
"Homolowous to sp P47858: 6-PHOSPHOFRUCTOEKIMASE . MUSCLE TYPE (EC 2.7.
"Homolowgous to sp P11508: CALCTUM-TRANSPORTING ATPASE SARCOPLASMIC RET
"Homologous to sn P35434: ATP SYHTHASE DELTHR CHATH. MITOCHOHDRIAL PRE
"Mus musculus FIFOATP svnthase comwlex E subunit {(Atnik) gene. comlete
"Mus musculus HAD {Hy-snecific isocitrate dehwdrogenase gamma subunit pre
"M.musculus gene for dodecenovl-Coh delta-isomerase. exons 1 and 2"

"Mus musculus cvtochrome c oxidase subunit VIIT-H wrecursor (COXEH) mBHA. Fommlete cds"
"Homolowgous to sp P35745: RCYLPHOSPHATASE . MUSCLE TYPE ISOZYME (EC 3.6.1.7§) (RCYLPHOSPHATE PHI(
"Mus musculus (D-1 cardiac trononin I mRHA. commlete cds"

"Homologous to sn PO0566: (REATTME KIWASE . M CHAIN (EC 2.7.3.2) JHU-2 PROTEJH)."
Mouse mRHA for nrotein with homolouav to transition protein 2 (TP2)

Mus musculus Selenium-binding liver nrotein mBHA

"Mus musculus {clone MAR1) aldose reductase mREHA. comlete cds"

"Mus musculus vascular endothelial arowth factor B 186 (VEGF-B) precursor,
M.musculus mBHA for HADP transhvdrouenase

"Mus musculus aldehvde dehvdrogenase (ALDH2)Y mRHA. nuclear gene encoding mitcchondrial proteil
"Mouse cvtosolic enoxide hwvdrolase mBHA. commlete cds'

"Mus musculus 129SV carnitine palmitoyltransferase II mRNA, complete cds"
"Mus musculug medium-chain acyl-CoA dehydrogenase mRNA, complete cds"
"Mus musculus long-chain acyl-CoA dehydrogenase mRNA, complete cds"

"Mus musculus very-long chain acyl-CoA dehydrogenase, partial cds"

Mouse muscle creatine kinase mRMA (EC 2.7.3.2)

"Mus musculus isocitrate dehvdrogenase mRHRA. comlete cds"

"Mus musculus long chain fatty acyl CoA synthetase mRNA, complete cds"
"Mus musculus sterol carrier nrotein-2 (SCP-2% uene. commlete cds"
"Mouse alpha-tubulin isotype M-alpha-4 mRHA, complete cds"

COPLASMIC RETICULUM TYPE (EC 3.6.1.31
ASMIC RETICULUM TYPE (EC 3.6.1.38)

2.7.1.11y {PHOSPHOFRUCTOKIHAS
CIUM-BINDING PROTEIN PRECUR!

nlete cds"
11y {PHOSPHOFRUCTOKIHAS
UM TYPE (EC 3.6.1.31
OR. (EC 3.6.1.34)."

n

rsor, MBEHA, complete

, complete cds'



GenMAPP

Gene MicroArray Pathway Profiler
Dahlquist et al., Nature Genetics, May 2002

Fatty Acid Degradation

Graphics tools to
draw MAPPs

Underlying gene
database

Import microarray data
and choose coloring
criteria

MAPPs shared with
anyone, program is

free




Electron Transport Chain

Ubiquinone Cytochrome € -+ 774
v Y
Complex | Complex Il Complex IV  ATP Synthase (Complex V) Adenine
NADH-Ubiquinone  Ubiquinol-Cytochrome C Cytochrome C Uncoupling Nucleotide
Oxidoreductase Reductase Oxidase F1 Complex Protein Translocator
Chain 1 [ EEE cox1 ATP Synthase alpha  -1.175 UCP1 -1.006 1.226
Chain 2 ST 1222 CcOox2 ATP Synthase beta UCP2 1.034 1.0704
Chain 3 | EEE cox3 ATP Synthase gamma BBEE 1:2  Ant3,liver
Chain 4 Subunit VIl T 1260 ATP Synthase delta
Chain 5 Subunit VII COX5a ST . EEE
Chain 6 Subunit VIll COX5b
Chain 4L Cytochrome B COX5b S K
MWEE subunit -1.016 --1.206 Coupling Factor 6
- OSCP
MLRQ subunit 2.2432
13 kD-A subunit INCOXEEN 22002 FO Complex
COXéc2 ATP Synthase A chain
-—1-232 ATP Synthase B chain
4777 ATP Synthase Lipid-binding P1
COX7a ATP Synthase Lipid-binding P2
COX7a-related  1.0307 -1.736
COX7b -1.156 ATP Synthase D chain
| COX7c |-1.067 ATP Synthase E chain
COX7c ATP Synthase F chain  -1.135
COX8h, heart Associated Polypeptides

COX8l, liver 1.0347
COXal|, liver EST

Red=Up
Blue=Down

ATP Synthase Coupling B
ATP Synthase Protein 8
ATPase Inhibitor

Cardiomyopathy
Gj-coupled GPCR




Electron Transport Chain

Ubiquinone [Gyisehemee 11
Y Y
Complex | Complex lli Complex IV  ATP Synthase (Complex V) Adenine
NADH-Ubiguinone  Ubiquinol-Cytochrome C Cytochrome C Uncoupling Nucleotide
Oxidoreductase Reductase Oxidase F1 Complex Protein Translocator
Chain 1 | Subunit | 07 Cox1 ATP Synthase alpha  -1.01 UCP1 -1.0z7 | RERREA -1 06
Chain 2 SRR 1154 COox2 ATP Synthase beta UCP2 10515 Ant 2, fibroblast -1.005
Chain 3 [ EEEE COX3 ATP Synthase gamma BERS 121 Ant3, tiver
Chain 4 Subunit VIl COox4 -1.063 ATP Synthase delta
Chain 5 Subunit VI COX5a o0 [ EEEC e o
Chain 6 Subunit VI COX5b
= Stalk
Chain 4L Cytochrome B COX5b Coupling Factor 6
MWFE subunit 1.0114 COX6a, heart -1.033 0SCP
MLRQ subunit COX6a, liver -1.05
13 kD-A subunit COXéb 1.195 FO Complex
COX6c2 ATP Synthase A chain
--1-115 ATP Synthase B chain
=1.162 ATP Synthase Lipid-binding P1
COX7a ATP Synthase Lipid-binding P2
COX7a-related 1.0048 -1.136
COX7b -1.093 ATP Synthase D chain
| COX7c |-1-019 ATP Synthase E chain
COX7c ATP Synthase F chain -1.008
COX8h, heart -1.075
COX8h, heart Associated Polypeptides
COXal, liver 1.0589 ATP Synthase Coupling B

COX8l, liver EST

Red=Up
Blue=Down

ATP Synthase Protein 8
ATPase Inhibitor

Cardiomyopathy
Activated Gq



Electron Transport Chain

Ubiquinone Cytochrome C -1.177
Y Y
Complex | Complex llI Complex IV  ATP Synthase (Complex V) Adenine
NADH-Ubiquinone  Ubiquinol-Cytochrome C Cytochrome C Uncoupling Nucleotide
Oxidoreductase Reductase Oxidase F1 Complex Protein Translocator
Chain 1 Subunit | -1.119 cox1 ATP Synthase alpha -1.047 UCP1 1.0658  Ant1, heart -1.115
Chain 2 Subunit Il -1.044 coxz ATP Synthase beta UCP2 1.0175 Ant 2, fibroblast 1.0284
Chain 3 Subunit VI -1.151 COX3 ATP Synthase gamma UCP3 1.0936 Ant 3, liver
Chain 4 Subunit VII COX4 -1.129 ATP Synthase delta
Chain 5 Subunit VII COX5a -1.017 ATP Synthase epsilon -1.096
Chain & Subunit VIII COX5h
: Stalk
Chain 4L Cytochrome B COX5b Coupling Factor 6
MWFE subunit -1.066 COX6a, heart  -1.051 0SCP
MLRQ subunit COXéa, liver  -1.13
13 kD-A subunit COX6b 1.099 FO0 Complex
COX6c2 ATP Synthase A chain
COXT7a, liver/heart -1.094 ATP Synthase B chain
COX7a, heart  -1.069 ATP Synthase Lipid-binding P1
COX7a ATP Synthase Lipid-binding P2
COX7a-related  -1.062 ATP Synthase Lipid-binding P3 -1.169
COX7b -1.051 ATP Synthase D chain
COX7e 1.0306 ATP Synthase E chain
COX7ec ATP Synthase F chain  -1.125
COX8h, heart -1.024
COX8h, heart Associated Polypeptides
COXa8l, liver 1.0062 ATP Synthase Coupling B
COX8lI, liver EST ATP Synthase Protein 8

Red=Up Cardiomyopathy
Blue=Down Recovery




www.GenMAPP.org

¢ GenMAPRP is freely distributed to all researchers.

released April 2001, major update April 2002
see Dahlquist et al, Nature Genetics, May 2002
see Doniger et al, Genome Biology, Janurary, 2003




GenMAPP Version 2 wegpe
beta testing begins

Doniger et al, January 2003

Genome Biology }
MAPPFinder posted
August, 2002

Dahlquist et al, May 2002
Nature Genetics
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GenMAPP in Published Papers

source: HighWire Press
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www.GenMAPP.org

¢ GenMAPRP is freely distributed to all researchers.

released April 2001, major update April 2002
see Dahlquist et al, Nature Genetics, May 2002
see Doniger et al, Genome Biology, Janurary, 2003

¢ MAPPs representing pathways will be written
and reviewed by experts in each field.

~50 pathway MAPPs created by the Conklin Lab
public domain datasets in GenMAPP form




www.GenMAPP.org

¢ GenMAPRP is freely distributed to all researchers.

released April 2001, major update April 2002
see Dahlquist et al, Nature Genetics, May 2002
see Doniger et al, Genome Biology, Janurary, 2003

¢ MAPPs representing pathways will be written
and reviewed by experts in each field.

~50 pathway MAPPs created by the Conklin Lab
public domain datasets in GenMAPP form

4 Gene lists from the Gene Ontology Project
are converted to MAPPs automatically.

1594 mouse GO MAPPs
2446 human GO MAPPs (over 10,000 genes)




GO Provides Content for GenMAPP

Lists of genes annotated by GO can
be automatically transformed into
MAPPs with MAPPBuilder
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The GO classifications are a great starting
point for building detailed pathway MAPPs




Pathways Can be Drawn in
GenMAPP From GO Lists

Complement Activation, Classical Pathway

Complement Activation,
Classical

C1Q a chain Legend
: C1Q b chain Increased
GO List C1Q ¢ chain Decreased

i

/ No criteria met
Claa C1r proenzyme K g Not found

Clgb = C1 gomplex I}
Cigc C1s proenzyme

c2 -

gj Plasma '

Membrane

co antigen/antibody
complex

aggregated IgG,
lgM-antigen complex, Cytoplasm
polyanions, RNA, DNA
lipopolysacharides

Complex

Proteolytic Cleavage \:ormallon
Prevents Complement Attack




Thousands of Thousands of GO

genes in a process, component.
microarray dataset—\ “ and function terms.

MAPPFinder

MAPPFinder ranks the GO
terms by their relative
amount of gene
expression changes

\/

The interesting GO terms
identified with MAPPFinder
are examined in GenMAPP




MAPPFinder and GO Reveal Biological Groups

Prostate Cancer Cardiomyopathy

chromosome organization fatty acid metabolism
nuclear organization mitochondria

regulation of chromatin cell cycle arrest
transmembrane Rec Tyr kinase ribosome structure

amine biosynthesis primary active transporter
TGF beta signaling muscle development
transcription co-activator respiratory chain complex
cell growth and maintenance protein biosynthesis
heterotrimeric G proteins GTP binding protein
glutathione conjugation ion channels




GenMAPP: Future Development

Version 2

¢ Expansion and integration of gene database

SWISS-PROT H. sapiens
GenBank M. musculus
LocusLink R. norvegicus
RefSeq S. cerevisiae
Unigene C. elegans
InterPro D. melanogaster
Gene Ontology D. rerio
Genome-specific databases A. thaliana

E. coli

¢ Users choose which catalogs and species
to download

¢ Add custom gene catalogs and relationshi




Using the
Genome Knowledgebase

with
GenMAPP




GenMAPP for displaying any
type of genomic data
RNAI, plasmids, antibodies...

Example: Gene trapping at
BayGenomics




Author: Adapted from KEGG
Maintained by: GenbMAPP.arg

E-mail: genmappi@yladstone ucstedu

Lastmodiffed: 100022002
Right-click here to see notes
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Trapped Kinase Regulators

Mm_Kkinase regulator
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GenMAPP Future Directions Map

DNA-microarray data

\

Run MAPPFinder
on >1,000 GO groups
and local MAPPs
Y

View MAPPs,
Add MAPP annotation,
pathway organization

\
Insights

\

Publish or exchange
PDF, HTML, XML




GenMAPP Future Directions Map

DNA-microarray data

\

Run MAPPFinder
on >1,000 GO groups
and local MAPPs

\

View MAPPs,
Add MAPP annotation, 15332,?{38

athway organization
P y *g PathwayA

_ experts
Insights Journal

¥ readers

Publish or exchange
PDF, HTML, XML




GenMAPP Future Directions Map

DNA-microarray data Public

pathway
\ /databases

Run MAPPFinder -
on >1,000 GO groups MAPPs

and local MAPPs

\

View MAPPs, Positive
Add MAPP annotation, feedback
pathway organization loop

Teachers
students

Pathway A

_* experts
Insights Journal
¥ readers

Publish or exchange
PDF, HTML, XML




GenMAPP Future Directions Map

Public
pathway
\ databases

Run MAPPFinder -« .
on >1,000 GO groups

and local MAPPs

\

View MAPPs, Positive
Add MAPP annotation, feedback
pathway organization

\
Insights

\

Publish or exchange
PDF, HTML, XML

DNA-microarray data
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