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Science is built with facts as a house is with Science is built with facts as a house is with 
stones stones –– but a collection of facts is no more a but a collection of facts is no more a 
science than a heap of stones is a house.science than a heap of stones is a house.

–– Jules Henri Jules Henri PoincarePoincare



Levels of Biological InformationLevels of Biological Information
DNADNA
mRNAmRNA
ProteinsProteins
Informational PathwaysInformational Pathways
Informational NetworksInformational Networks
CellsCells
OrgansOrgans
IndividualsIndividuals
PopulationsPopulations
EcologiesEcologies

TraditionalTraditional
BiologyBiology

‘‘omicsomics
GenomicsGenomics

Functional GenomicsFunctional Genomics
ProteomicsProteomics

MetabolomicsMetabolomics
Systems BiologySystems Biology
Cellular BiologyCellular Biology

MedicineMedicine
MedicineMedicine
GeneticsGenetics
EcologyEcology

The Future!The Future!



February 2001: Completion of the Draft Human GenomeFebruary 2001: Completion of the Draft Human Genome

Public HGPPublic HGP Celera GenomicsCelera Genomics
But what does But what does finishedfinished mean???mean???

April 14, 2003:

April 14, 2003:

The Human Genome is completed 

The Human Genome is completed -- againagain



Can we find the genes and assign them functions?Can we find the genes and assign them functions?

Can we predict protein structures and functions? Can we predict protein structures and functions? 

Can we reconstruct metabolic, signaling, and other Can we reconstruct metabolic, signaling, and other 
pathways?pathways?

Can we reconstruct informational networks?Can we reconstruct informational networks?

Can we link genotype to phenotype?Can we link genotype to phenotype?

Can we use genotype/phenotype to predict clinicallyCan we use genotype/phenotype to predict clinically--
relevant outcome?relevant outcome?

Can we use crossCan we use cross--species comparisons to learn species comparisons to learn 
something?something?

Where are the pressing questions?



Microarray AnalysisMicroarray Analysis



Microarray Overview IMicroarray Overview I

Microbial
ORFs

Design PCR Primers

PCR Products

Eukaryotic
Genes

Select cDNA clones

PCR Products
For each plate set,For each plate set,
many identical replicasmany identical replicas

Microarray SlideMicroarray Slide
(with 60,000 or more(with 60,000 or more

spotted genes)spotted genes)

+

Microtiter PlateMicrotiter Plate

Many different plates Many different plates 
containing different genescontaining different genes



The Beast: Microarray Robot from Intelligent AutomationThe Beast: Microarray Robot from Intelligent Automation
<http://<http://www.ias.comwww.ias.com>>



Microarray Overview IIMicroarray Overview II

Prepare FluorescentlyPrepare Fluorescently
Labeled ProbesLabeled Probes

ControlControl

TestTest

Hybridize,Hybridize,
WashWash

MeasureMeasure
FluorescenceFluorescence
in 2 channelsin 2 channels

redred//greengreen

Analyze the dataAnalyze the data
to identifyto identify
patterns ofpatterns of

gene expressiongene expression



Microarray Overview IIMicroarray Overview II

Prepare FluorescentlyPrepare Fluorescently
Labeled ProbesLabeled Probes

ControlControl

TestTest

Hybridize,Hybridize,
WashWash

MeasureMeasure
FluorescenceFluorescence
in 2 channelsin 2 channels
redred//greengreen

Analyze the dataAnalyze the data
to identifyto identify
patterns ofpatterns of

gene expressiongene expression

WeedWeed

BushBush



Choose an experimentally interesting and tractable Choose an experimentally interesting and tractable 
model systemmodel system
Design an experiment with comparisons between Design an experiment with comparisons between 
related variants related variants 
Include sufficient biological replication to make good Include sufficient biological replication to make good 
estimatesestimates
Hybridize and collect dataHybridize and collect data
Normalize and filterNormalize and filter
Mine data for biological patterns of expressionMine data for biological patterns of expression
Integrate expression data with other ancillary data Integrate expression data with other ancillary data 
such, including genotype, phenotype, the genome, such, including genotype, phenotype, the genome, 
and its annotation

General Microarray StrategyGeneral Microarray Strategy

and its annotation



Annotating andAnnotating and
Comparing ArraysComparing Arrays



TIGR Gene Indices TIGR Gene Indices 
home page home page 

www.tigr.org/tdb/tgiwww.tigr.org/tdb/tgi

~70 species~70 species

>19,000,000 sequences>19,000,000 sequences



TGICL Tools are available TGICL Tools are available –– with more comingwith more coming

☺☺ Available with sourceAvailable with source

Geo PerteaGeo Pertea
Razvan SultanaRazvan Sultana

Valentin AntonescuValentin Antonescu



Gene Index Assembly processGene Index Assembly process

High stringency pairHigh stringency pair--
wise comparisons to wise comparisons to 

buildbuild ClustersClusters

reduce reduce 
redundancyredundancy

Expressed Transcripts (ET)Expressed Transcripts (ET)
from GenBank CDSfrom GenBank CDS

remove vector, polyremove vector, poly--A, A, 
adapter,mitochondrial adapter,mitochondrial 

and ribosomal sequenceand ribosomal sequence

ESTs from ESTs from 
GenBank GenBank 
(dbEST)(dbEST)

TIGR ESTsTIGR ESTs

Each cluster is Each cluster is 
assembled to obtainassembled to obtain

Tentative Tentative 
ConsensusConsensus

sequences (sequences (TCTCs)s)

Annotate TCs Annotate TCs 
and releaseand release



A TC ExampleA TC Example



Babak ParviziBabak Parvizi

GO Terms GO Terms 
and EC Numbersand EC Numbers



The TIGR Gene IndicesThe TIGR Gene Indices <http://<http://www.tigr.org.tdb/tdb/tgiwww.tigr.org.tdb/tdb/tgi>>

Dan Lee, Ingeborg HoltDan Lee, Ingeborg Holt



Building Building TOGsTOGs: Reflexive, Transitive Closure: Reflexive, Transitive Closure

Tentative OrthologuesTentative Orthologues

And ParaloguesAnd Paralogues

Thanks to Thanks to WoytekWoytek MakałowskiMakałowski and Mark Boguski and Mark Boguski 



TOGA: An Sample Alignment: TOGA: An Sample Alignment: bithoraxoidbithoraxoid--like proteinlike protein





Gene Finding in HumansGene Finding in Humans is easy!is easy!

Razvan SultanaRazvan Sultana



Gene Finding in HumansGene Finding in Humans is easy?is easy?

Razvan SultanaRazvan Sultana



Gene Finding in HumansGene Finding in Humans is difficult?is difficult?

Razvan SultanaRazvan Sultana



Gene Finding in HumansGene Finding in Humans is difficult?is difficult?

A genome and its annotation is A genome and its annotation is onlyonly a a 
hypothesis that must be tested.hypothesis that must be tested.

Razvan SultanaRazvan Sultana



RESOURCERER RESOURCERER 
Jennifer TsaiJennifer Tsai

http://http://pga.tigr.org/tools.shtmlpga.tigr.org/tools.shtml



RESOURCERER: An ExampleRESOURCERER: An Example



RESOURCERER: Using Genetic MarkersRESOURCERER: Using Genetic Markers

Recently added: QTLRecently added: QTL--based searchesbased searches



Tools for Array AnalysisTools for Array Analysis



MADAM: Microarray Data ManagerMADAM: Microarray Data Manager

MAGEMAGE--ML exportML export
now functionalnow functional

Joseph WhiteJoseph White
Jerry LiJerry Li

Alexander SaeedAlexander Saeed
Vasily SharovVasily Sharov

SyntekSyntek Inc.Inc.

☺☺ Available with OSI source and Available with OSI source and MySQLMySQL



MIDAS: Data AnalysisMIDAS: Data Analysis Wei LiangWei Liang

Variance Stabilization,Variance Stabilization,
Adding Error Models,Adding Error Models,

MAANOVA,MAANOVA,
Automated ReportingAutomated Reporting

☺☺ Available with sourceAvailable with source



MeV: Data Mining ToolsMeV: Data Mining Tools Alexander SaeedAlexander Saeed
Alexander Alexander SturnSturn
Nirmal BhagabatiNirmal Bhagabati

John BraistedJohn Braisted
SyntekSyntek Inc.Inc.

DatanautDatanaut, Inc., Inc.

☺☺ Available with OSI sourceAvailable with OSI source



ScienceScience



Integrating ExpressionIntegrating Expression
with other datawith other data



Innate ImmunityInnate ImmunityInnate Immunity
Adaptive ImmunityAdaptive Immunity

Pathophysiologic
Conditions
Pathophysiologic
Conditions

Immunomodulatory GenesImmunomodulatory Genes

Sepsis
ARDS

Asthma

Sepsis
ARDS

Asthma

Antigen PresentationAntigen Presentation

Cytokines and
Adhesion Proteins

Cytokines and
Adhesion Proteins

CD14CD14

LPSLPS TLR ProteinsTLR Proteins

NF-κBNF-κB

IκBIκB

Inflammatory
Cell Recruitment

Inflammatory
Cell Recruitment

LBPLBP

DegradationDegradation

NIKNIK

TRAF-6TRAF-6

MyD88MyD88IRAK2IRAK2

BPIBPI

Adapted from Godowski.  NEJM 1999; 340:1835Adapted from Godowski.  NEJM 1999; 340:1835

MD-2MD-2

David SchwartzDavid Schwartz



C57BL/6 DBA/2

BXD5BXD29 BXD39 BXD42

ExamplesExamples

BXD Recombinant Inbred Strains (n=32)BXD Recombinant Inbred Strains (n=32)
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53 Hybridizations53 Hybridizations

P1P1 P2P2

P1+P1+

L1L1 H1H1

L1+L1+ H1+H1+

P2+P2+

Result: ~425 “significant” genesResult: ~425 “significant” genes

Don Cook, Shuibang Wang, David SchwartzDon Cook, Shuibang Wang, David Schwartz



BXD Recombinant Inbred Strains (n=32)BXD Recombinant Inbred Strains (n=32)
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BXD5BXD29 BXD39 BXD42

IDEAIDEA: Build QTL Maps and use those: Build QTL Maps and use those
to filter expression datato filter expression data

Goal: Find differentially expressed genes Goal: Find differentially expressed genes 
genetically linked to responsegenetically linked to response

Don Cook, Shuibang Wang, David SchwartzDon Cook, Shuibang Wang, David Schwartz



Microarray ExpressionMicroarray Expression--QTL Consensus QTL Consensus 
Candidate GenesCandidate Genes

525525
Genes in QTLGenes in QTL Genes by MicroarrayGenes by Microarray

4264264646

Candidate genes for followCandidate genes for follow--up and validationup and validation

Don Cook, Shuibang Wang, David SchwartzDon Cook, Shuibang Wang, David Schwartz



Candidate Gene Set for LPS responseCandidate Gene Set for LPS response

Don Cook, Bryan Frank, David SchwartzDon Cook, Bryan Frank, David Schwartz



Well... Well... 
Genetics and Expression can be powerful when Genetics and Expression can be powerful when 
used togetherused together
This yields genes that are differentially expressed This yields genes that are differentially expressed 
but also genetically linked to traitsbut also genetically linked to traits
The expression fingerprint itself can also be used The expression fingerprint itself can also be used 
as a quantitative trait as a quantitative trait -- eQTLseQTLs

But...But...
QTL+ExpressionQTL+Expression may miss regulatory and other may miss regulatory and other 
genes whose expression does not change but genes whose expression does not change but 
which contain mutations that are causativewhich contain mutations that are causative

What have we learned?



Candidate Gene Set for LPS responseCandidate Gene Set for LPS response

Don Cook, Bryan Frank, David SchwartzDon Cook, Bryan Frank, David Schwartz

BXD29 has spontaneous tlr 4 mutation



Sleep Deprivation Studies in MouseSleep Deprivation Studies in Mouse
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MirekMirek Mackiewicz, Yonghong Wang, Allan PackMackiewicz, Yonghong Wang, Allan Pack



Experimental ParadigmExperimental Paradigm
Compare gene expression between sleeping and Compare gene expression between sleeping and 
sleepsleep--deprived mice in cortex and hypothalamusdeprived mice in cortex and hypothalamus

Perform 3 biological replicatesPerform 3 biological replicates

Normalize and filter data and use data mining techniques Normalize and filter data and use data mining techniques 
to select distinct patterns of gene expressionto select distinct patterns of gene expression

Use Gene Ontology (GO) assignments to classify genes Use Gene Ontology (GO) assignments to classify genes 
by cellular localization, molecular function, biological by cellular localization, molecular function, biological 
processprocess

Use GO analysis to develop an understanding of responseUse GO analysis to develop an understanding of response

MirekMirek Mackiewicz, Yonghong Wang, Allan PackMackiewicz, Yonghong Wang, Allan Pack



Differential Expression in CortexDifferential Expression in Cortex

Energy Metabolism
Transcription;
Mitochondrial and 
Ribosomal Proteins

Stress Response

Intermediate
Metabolism and
Signal Transduction

MirekMirek Mackiewicz, Yonghong Wang, Allan PackMackiewicz, Yonghong Wang, Allan Pack



Differential Expression in HypothalamusDifferential Expression in Hypothalamus

Sleep signaling

MirekMirek Mackiewicz, Yonghong Wang, Allan PackMackiewicz, Yonghong Wang, Allan Pack



EASE Analysis of GO termsEASE Analysis of GO terms
Cortex – Up-regulated Genes 

GO Class GO Category p-value 
GO Cellular Component endoplasmic reticulum 6.06×10-03

GO Molecular Function heat shock protein activity 8.78×10-04

 pyruvate dehydrogenase (lipoamide) phosphatase activity 3.17×10-03

 chaperone activity 7.38×10-03

 
Cortex – Down-regulated Genes 

GO Class Gene Category p-value 
GO Biological Process protein biosynthesis 2.85×10-25

 protein metabolism 1.00×10-11

 electron transport 6.04×10-03

GO Cellular Component ribosome 5.95×10-37

 ribonucleoprotein complex 1.17×10-32

 eukaryotic 48S initiation complex 9.74×10-18

 eukaryotic 43S pre-initiation complex 2.68×10-15

 mitochondrial inner membrane 3.70×10-03

GO Molecular Function structural constituent of ribosome 6.46×10-39

 RNA binding activity 4.83×10-21

 cytochrome c oxidase activity 9.79×10-04

 hydrogen ion transporter activity 1.88×10-03

 

ThemesThemes: : 
General biological trends based on representation of General biological trends based on representation of 
functional roles on the arrayfunctional roles on the array
ProblemProblem: : 
Requirement of functional class assignment limits utility Requirement of functional class assignment limits utility 
for discovery of new functional networksfor discovery of new functional networks

Thanks to Doug Hosack and Glynn Dennis, NIAIDThanks to Doug Hosack and Glynn Dennis, NIAID



Well... Well... 
Functional assignments provide a powerful Functional assignments provide a powerful 
filter on the measured expressionfilter on the measured expression

But...But...
Functional classes are not functionsFunctional classes are not functions
Significant additional work is necessary to Significant additional work is necessary to 
translate these classes to pathways and translate these classes to pathways and 
responsesresponses

What have we learned?



Predicting OutcomePredicting Outcome
work in collaboration withwork in collaboration with

Timothy J. YeatmanTimothy J. Yeatman
H. Lee Moffitt Cancer CenterH. Lee Moffitt Cancer Center



The Classification ProblemThe Classification Problem

???

ProfileProfile
ExpressionExpression

ANNANN
KNNKNN
QDAQDA
SVMSVM
etc.etc.

Class?

SampleSample



RNA and Protein CorrelationsRNA and Protein Correlations



Colon Cancer ProgressionColon Cancer Progression

NormalNormal AdenomaAdenoma Primary TumorPrimary Tumor MetastasisMetastasis

Dukes’ BDukes’ B Dukes’ CDukes’ C Dukes’ DDukes’ D

5 year survival5 year survival 7070--85%85% 2525--60%60% 5%5%

Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh AndersonAnderson



6 groups: normal, adenoma, Dukes B, Dukes C, 6 groups: normal, adenoma, Dukes B, Dukes C, 
Dukes D, metastasesDukes D, metastases

10 samples per group10 samples per group

Microarray:Microarray:
2 color 32k array2 color 32k array
Samples hybridized to common referenceSamples hybridized to common reference
DyeDye--reversal replicates performedreversal replicates performed
Total RNA, no amplificationTotal RNA, no amplification

Microarray:Microarray:
2D2D--PAGE followed by massPAGE followed by mass--spectrometry

Experimental DesignExperimental Design

spectrometry

Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh AndersonAnderson



LinkingLinking genes to proteinsgenes to proteins
Array Probes are cDNAs, not genesArray Probes are cDNAs, not genes

Protein SequenceProtein Sequence
SwissProtSwissProt

cDNA SequencecDNA Sequence
GenbankGenbank

TIGRTIGR
Tentative Consensus (TC)Tentative Consensus (TC)

Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh AndersonAnderson



LinkingLinking genes to proteinsgenes to proteins

microarraymicroarray

32448 elements on array32448 elements on array

27378 unique mRNA  27378 unique mRNA  

proteomicsproteomics

1410 protein spots1410 protein spots
566 identified566 identified

154 unique proteins  154 unique proteins  

47 genes with at least 10 valid data points!47 genes with at least 10 valid data points!

53 genes with one protein spot and one transcript 53 genes with one protein spot and one transcript 

Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh AndersonAnderson



““Highly” correlated genes (12/47)Highly” correlated genes (12/47)

DescriptionDescription rr p valuesp values
Proteasome activator complex subunit 2Proteasome activator complex subunit 2 0.6820.682 2.53E2.53E--0808
Metastasis inhibition factor nm23Metastasis inhibition factor nm23 0.5790.579 8.14E8.14E--0606
Proliferating cell nuclear antigen (PCNA) Proliferating cell nuclear antigen (PCNA) 0.5670.567 1.08E1.08E--0505
ProliferationProliferation--associated protein 2G4 associated protein 2G4 0.5580.558 1.88E1.88E--0505
Fatty acidFatty acid--binding protein, liver (Lbinding protein, liver (L--FABP)FABP) 0.7970.797 3.79E3.79E--0505
Peroxiredoxin 4 Peroxiredoxin 4 0.5170.517 7.18E7.18E--0505
Creatine kinase, B chain Creatine kinase, B chain 0.5450.545 9.40E9.40E--0505
Mitochondrial 3Mitochondrial 3--hydroxyisobutyrate hydroxyisobutyrate 
dehydrogenasedehydrogenase

0.8080.808 2.35E2.35E--0404

CadherinCadherin--17 precursor 17 precursor 0.5160.516 2.09E2.09E--0303
Argininosuccinate lyase Argininosuccinate lyase 0.4080.408 3.29E3.29E--0303
FF--actin capping protein alphaactin capping protein alpha--2 subunit 2 subunit 0.3360.336 0.010.01
Mitochondrial acylMitochondrial acyl--CoA dehydrogenaseCoA dehydrogenase 0.4870.487 0.030.03



Hierarchical Clustering by mRNA expression Hierarchical Clustering by mRNA expression 

Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh AndersonAnderson



Microarray PCAMicroarray PCA



Hierarchical Clustering by protein expression Hierarchical Clustering by protein expression 

Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh AndersonAnderson



Proteomics PCAProteomics PCA



What have we learned?What have we learned?
RNA and proteins do not correlate wellRNA and proteins do not correlate well

There are numerous possible technical There are numerous possible technical 
explanations for this explanations for this –– requires further requires further 
analysisanalysis

But RNA and protein paint the same But RNA and protein paint the same 
fundamental picture of the disease fundamental picture of the disease ––
primary tumor fingerprints do not respect primary tumor fingerprints do not respect 
clinical staging classesclinical staging classes

Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh AndersonAnderson



Predicting SurvivalPredicting Survival
work in collaboration withwork in collaboration with

Timothy J. YeatmanTimothy J. Yeatman
H. Lee Moffitt Cancer CenterH. Lee Moffitt Cancer Center



Survival Classification SetSurvival Classification Set
Start with 73 Dukes’ B and C tumors with Start with 73 Dukes’ B and C tumors with 
survival datasurvival data

Profile expression on arraysProfile expression on arrays

Use SAM with Censored Survival Analysis Use SAM with Censored Survival Analysis 
to select significant genesto select significant genes

Use unsupervised kUse unsupervised k--means support to means support to 
separate tumors into 2 classesseparate tumors into 2 classes

Ivana Yang, Steve Eschrich, Greg Bloom, Tim YeatmanIvana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman



SAM SIGNIFICANT GENES
Original row Clone Name GB# TC# Putative Role

23667 Image:488033 AA045793 THC915844 DnaJ homolog subfamily B member 9 (Microvascular endothelial differentiation gene-1 protein) (Mdg
4697 Image:460395 AA677531 THC925057 Similar to hypothetical protein FLJ22625 {Homo sapiens}

11029 Image:128457 R10545
17380 Image:130854 R22204 THC987381
5152 Image:242797 H94043 THC1013186 yes-associated protein homolog DKFZp586I1419.1 - human (fragment)

28052 Image:2043415 AI371096 THC1022305 Death-associated protein kinase 1 (EC 2.7.1.-) (DAP kinase 1). [Human] {Homo sapiens}
9637 Image:700461 AA290631 THC918268 unnamed protein product {Homo sapiens}

25310 Image:796878 AA463189 THC942191 brain-specific GTP-binding protein {Homo sapiens}
26499 Image:269815 N27159 THC899426 Inhibin beta A chain precursor (Activin beta-A chain) (Erythroid differentiation protein) (EDF).
6925 Image:773278 AA425320 THC915844 DnaJ homolog subfamily B member 9 (Microvascular endothelial differentiation gene-1 protein) (Mdg

14102 Image:252453 H87144 THC958545 CGI-86 protein {Homo sapiens}
6146 Image:509516 AA047340 THC908165 unnamed protein product {Homo sapiens}

29198 Image:2115602 AI493402 THC1014756 transcription factor SL1 - human
28743 Image:754250 AA479270 THC862179 KIAA1253 protein {Homo sapiens}
30718 Image:272694 N36176 THC960848 hypothetical protein {Homo sapiens}
10497 Image:753428 AA410434 THC986960 Similar to RIKEN cDNA 1110014B07 gene {Homo sapiens}
1922 Image:123742 R01398 THC1024446 unknown {Homo sapiens}

18930 Image:183200 H44956 THC863066 Fumarylacetoacetase (EC 3.7.1.2) (Fumarylacetoacetate hydrolase) (Beta-diketonase) (FAA). [Human]
20064 Image:24067 R39317 THC987467 putative {Mus musculus}
24682 Image:172495 H19822 THC986991 hypothetical protein {Homo sapiens}
29976 Image:2062345 AI337308 THC987466 protein-tyrosine kinase EPHB2v {Homo sapiens}
27256 Image:897107 AA676877 THC1021656 mitochondrial citrate transport protein {Homo sapiens}
28497 Image:768316 AA495766 THC925935 RCC1-like G exchanging factor RLG [imported] - human
30633 Image:321271 AA037410 THC864588 rho GTPase activating protein 8 isoform 1 {Homo sapiens}
23089 Image:243549 N49526 THC1031960 Myb proto-oncogene protein (C-myb). [Human] {Homo sapiens}
21529 Image:741474 AA401111 THC897309 Glucose-6-phosphate isomerase (EC 5.3.1.9) (GPI) (Phosphoglucose isomerase) (PGI)
9651 Image:416280

20264 Image:843263 AA488652 THC862216 ribosomal protein L2 {Homo sapiens}
3184 Image:509458 AA056375 THC899187

17742 Image:261829 H99203 THC968032 Ubiquitin carboxyl-terminal hydrolase 7 (EC 3.1.2.15) (Ubiquitin thiolesterase 7)
30132 Image:41170 R56477 THC911668
19840 Image:178818 H49455 THC882357 Apical-like protein (APXL protein). [Human] {Homo sapiens}
26573 Image:179276 H50323 THC862010 fatty-acid synthase (EC 2.3.1.85) (version 2) - human
26161 Image:810133 AA464251 THC950559

Red are positive and green are negative genes. A positive score Red are positive and green are negative genes. A positive score means that means that 
higher expression is associated with higher risk, higher expression is associated with higher risk, ieie, shorter survival!!!, shorter survival!!!

Ivana Yang, Steve Eschrich, Greg Bloom, Tim YeatmanIvana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman



Clustering based on Clustering based on kk--means supportmeans support

Good PrognosisGood Prognosis Poor PrognosisPoor Prognosis



PCA analysis of survival samplesPCA analysis of survival samples
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Survival Classes based on Survival Classes based on kk--means clusteringmeans clustering
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Survival based on Clinical StageSurvival based on Clinical Stage
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The ChallengeThe Challenge

Supervised gene selection followed by Supervised gene selection followed by 
unsupervised clustering works quite wellunsupervised clustering works quite well

We anticipate that supervised approaches We anticipate that supervised approaches 
would perform betterwould perform better

Use Use completecomplete leave one out crossleave one out cross--validation to validation to 
classify samples and to identify a core set of classify samples and to identify a core set of 
genes for classification genes for classification 

Iteratively leave out one sample and redo Iteratively leave out one sample and redo 
gene selection, algorithm training, and gene selection, algorithm training, and 
testingtesting

Ivana Yang, Steven Eschrich, Greg Bloom, Tim YeatmanIvana Yang, Steven Eschrich, Greg Bloom, Tim Yeatman



SVM ClassificationSVM Classification

SVM attempts to find an optimal SVM attempts to find an optimal 
separating separating hyperplanehyperplane between members between members 
of the two initial classifications.of the two initial classifications.

Separating Separating 
hyperplanehyperplane

Ivana Yang, Steve Eschrich, Greg Bloom, Tim YeatmanIvana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman



SVM Kernel ConstructionSVM Kernel Construction
The expression data can be transformed to a higher The expression data can be transformed to a higher 

dimensional space (feature space) by applying a dimensional space (feature space) by applying a 
kernel function. kernel function. 

This transformation can have the effect of allowing a This transformation can have the effect of allowing a 
“separating “separating hyperplanehyperplane” to be found.” to be found.

Ivana Yang, Steve Eschrich, Greg Bloom, Tim YeatmanIvana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman



Consensus genesConsensus genes
GB#GB# TIGR TC#TIGR TC# Putative RolePutative Role

R01398R01398 THC1024446THC1024446 unknown {Homo sapiens}unknown {Homo sapiens}

H44956H44956 THC863066THC863066 FumarylacetoacetaseFumarylacetoacetase (EC 3.7.1.2) ((EC 3.7.1.2) (FumarylacetoacetateFumarylacetoacetate hydrolasehydrolase) ) 

(Beta(Beta--diketonasediketonase) (FAA).) (FAA).

H19822H19822 THC986991THC986991 hypothetical protein {Homo sapiens}hypothetical protein {Homo sapiens}

AA037410AA037410 THC864588THC864588 rhorho GTPaseGTPase activating protein 8 activating protein 8 isoformisoform 1 {Homo sapiens}1 {Homo sapiens}

AA495766AA495766 THC925935THC925935 RCC1RCC1--like G exchanging factor RLG [imported] like G exchanging factor RLG [imported] -- humanhuman

AI337308AI337308 THC987466THC987466 proteinprotein--tyrosine tyrosine kinasekinase EPHB2v {Homo sapiens}EPHB2v {Homo sapiens}

R39317R39317 THC987467THC987467 putative {putative {MusMus musculusmusculus}}

AA488652AA488652 THC862216THC862216 ribosomal protein L2 {Homo sapiens}ribosomal protein L2 {Homo sapiens}

R56477R56477 THC911668THC911668

N49526N49526 THC1031960THC1031960 MybMyb protoproto--oncogene protein (Concogene protein (C--mybmyb). [Human] {Homo sapiens}). [Human] {Homo sapiens}

H99203H99203 THC968032THC968032 UbiquitinUbiquitin carboxylcarboxyl--terminal terminal hydrolasehydrolase 7 (EC 3.1.2.15) 7 (EC 3.1.2.15) 

((UbiquitinUbiquitin thiolesterasethiolesterase 7)7)

AA401111AA401111 THC897309THC897309 GlucoseGlucose--66--phosphate phosphate isomeraseisomerase (EC 5.3.1.9) (GPI) (EC 5.3.1.9) (GPI) 

((PhosphoglucosePhosphoglucose isomeraseisomerase) (PGI)) (PGI)

AA448641AA448641 THC889589THC889589 transcription factor {Homo sapiens}transcription factor {Homo sapiens}

Ivana Yang, Steven Eschrich, Greg Bloom, Tim YeatmanIvana Yang, Steven Eschrich, Greg Bloom, Tim Yeatman



Survival Classes based on SVM Survival Classes based on SVM –– alive/deadalive/dead
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Survival Classes based on SVM Survival Classes based on SVM –– Two year cutoffTwo year cutoff
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What have we learned?What have we learned?
Microarray fingerprints can provide clinically Microarray fingerprints can provide clinically 
important clues about disease progressionimportant clues about disease progression

Many of these require additional validationMany of these require additional validation

Many key genes are not obviously related to the Many key genes are not obviously related to the 
underlying biologyunderlying biology

More data are needed to validate these findingsMore data are needed to validate these findings
This approach and the classification gene set have This approach and the classification gene set have 
since been validated using an since been validated using an independent independent test set test set 
and an Affymetrix GeneChipand an Affymetrix GeneChip™™ data setdata set

Ivana Yang, Steven Eschrich, Greg Bloom, Tim YeatmanIvana Yang, Steven Eschrich, Greg Bloom, Tim Yeatman



Where are we going?
There is still a role for biology!There is still a role for biology!

We are approaching a time in which we can begin to We are approaching a time in which we can begin to 
look at cells and organisms holistically.look at cells and organisms holistically.

We also need to begin to think about integrating We also need to begin to think about integrating 
diverse data types in an intelligent way. diverse data types in an intelligent way. 

This must include crossThis must include cross--species comparisons and species comparisons and 
inclusion of environmental effects.inclusion of environmental effects.

We may soon be in a position to begin development of We may soon be in a position to begin development of 
a theoretical biology. a theoretical biology. 

Theoretical biology will require a transition from a Theoretical biology will require a transition from a 
Deterministic to a Stochastic approach.Deterministic to a Stochastic approach.



A theory has only the possibility of being A theory has only the possibility of being 
right or wrong. A model has a third right or wrong. A model has a third 

possibility; it may be right but irrelevant.possibility; it may be right but irrelevant.

–– Manfred Manfred EigenEigen



Nobody in the game of football Nobody in the game of football 
should be called a genius. should be called a genius. 

A genius is somebody like Norman Einstein. A genius is somebody like Norman Einstein. 

-- Joe Joe TheismanTheisman, , 
Former Washington Redskins quarterbackFormer Washington Redskins quarterback
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