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

— Jules Henri Poincare




Levels of Biological Information Sl
DNA Genomics
MRNA Funcgtional Genomics

Proteins Proteomics
Informational etabolomics
Informati s Biology
Cells ular Biology
Organs Medicine
Individuals Medicine
Population Genetics
Ecologies Ecology
Traditional

Biology




February 2001: Completion of the Draft Human Genome

. _natire

thehuman genome

€

Public HGP Celera Genomics

But what does finised mean??2?




Where are the pressing questions?

® Can we find the genes and assign them functions?
¥ Can we predict protein structures and functions?

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

® Can we reconstruct informational networks?
¥ Can we link genotype to phenotype?

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

. Can we use cross-species comparisons to Iearn
something? T




Microarray Analysis




Microarray Overview |

Microarray Slide
(with 60,000 or more
spotted genes)

Microtiter Plate

Microbial
ORFs

v

Design PCR Primers

PCR Products

Eukaryotic
Genes

Select cDNA clones

PCR Products .
Many different plates For each plate set,

containing different genes many identical replicas




The Beast: Microarray Robot from Intelligent Automation

<http://www.ias.com>




Microarray Overview lI
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Microarray Overview lI
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General Microarray Strateqy

® Choose an experimentally interesting and tractable
model system

® Design an experiment with comparisons between
related variants

® Include sufficient biological replication to make good
estimates

® Hybridize and collect data
® Normalize and filter
#® Mine data for biological patterns of expression

# Integrate expression data with other ancillary data
such, including genotype, phenotype, the genome,
and its annotation




Annotating and
Comparing Arrays




TIGR Gene Indices

home page
www . tigr.org/tdb/tgi
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TGICL Tools are available — with more coming

TGI Clustering tools (TGICL): a software system for fast
clustening of large EST datasets

TIGR Gene Indices Software Tools

Geo Pertea =S s=

Razva n S u Ita ha This package automates clustering and assembly of a large
ESTimBITA dataset The clustering 15 performed by a slightly modified version of

Va I e nti Nn Anto nescu WCERI's megablast , and Fhe resulting clgsters are then assembled_using CAPZ assembly
program. TGICL starts with a large multi-FASTA file {(and an optional peer quality
values file) and cutputs the assembly files as produced by CAP3. Both clustering and
assembly phases can be parallelized by distributing the searches and the assembly jobs
across multiple CPTs, as TGICL can take advantage of either SIP machines or PV
{Parallel Virtual IMachine) clusters. Here i a link to the EEADIE file which comes with
the package.

Ll
1l
lu]

gy ascetnbly files generated by CAP3 or phrap. Beasides the ACE
files, the program alse supports a custom cluster layout format for the overview of a
possible multiple alignments generated just from pairwise alignments, where no detailed
mucleotide level alignment is needed and prowided. The "contamment clustening” program
{(nrcly mentioned in the TGI Clustering tools(TGICL) above can generate such a "cluster
layout" file (* Iyt). Here is a precompded linug version with the recuired dynamic FOX
library included: clwiew linux tar gz The program was built using the FOX toolkit by
Jeroen wan der Zyp, a portable and feature-nich CH frameworlk for developing
graphical user interfaces under Unix and Windows. In order to compile the zource code
of this wiewer, you need to download the FOIX{ library and the TG C4+ class library .

SeqClean :a script for automated trimming and validation of

W
e : .
'{CM ESTs or other DINA sequences by screening for various

contatrinants, low cquality and low-complexity sequences.

A precompiled Linux version 15 here: seqclean tar gz Please see the REATTE file first.
Please note there 13 no contaminant databasze meluded i the package - you need to
provide your own screening files or download and format a genenic vector database like
MNCEI's TniWVec. The package also doesn't include MCEI's blastall and megablast
utilities which vou should obtain from the NCBI site (their full source iz included in the
MNCEI C Toolkit). The CfC+ source for the other programs in the package 15 provided
here:

Kﬁf ‘&iﬂ’l“_‘ll“ﬁ“]"l-t{ cdbfasta’cdbyank: fast indesing/retrieval of fasta records from

= AAGIBT4R flat file databazes. These tweo utilities are based on the "cdb”

A TTAGAC] (Constant DataBase) concept and the file-based hashing
algorithm developed by DI Bernsten thttpoffer vp.to/dib htwml)

The source code 15 the CH port of the oniginal cdb library, modified to create a

; compact separate index file keeping the origmal flat file i its original format.

) PrRoGRANs FoR Wults-FASTA files of up to 4GB can be indexed with cdbfasta and then any one or

=L 3 Srrucinan tnore records can be quickly retrieved using cdbyank, Here is a brief usage description,

©) Available with source

ury



Gene Index Assembly process

EXpressediranscrptsiiEly)

from GenBank CDS

reduce
remove vector, poly-A, redundancy
adapter,mitochondrial
and ribosomal sequence
High stringency pair-
wise comparisons to
build Clusters
M;N - - P .
e —— 5
— 1
Each cluster is N "T
assembled to obtain . — i
Tentative N | e T o UURRRR P L
Consensus EEE——.

sequences (TCs)

HGT THC Reporit: THC 104722

Annotate TCs
and release
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A TC Example

>TC161360 TC25195 TC29362 TC33731 TC40754 TC149101

TGAGGCTCACAAGARCTTTTATTCTTTTTARATAGAC ACTAARATTATCTCCTAGTCATGAGRAATTGOTAAAGACTAAT
TATT T AGART CT oA G AT GAC TAAT G TAR A A TC AT TAAGGARATCGARATTTCAGAGAGGGGARAACTTTTCRAATTGAATA
CT AT T TARAAC T T T T AT T A A T T e T A T e AT S T TC C AGFCATAGCGETATCTTCTTTAGLT
TAGGOTACCTTCTATCGAGAAGRATCGATATGGAGAATCETEC TETGGC TTETAAGTGOGCAGAACTTAGTARAGACCTA
CTGGATGAGTAAACTCCTTGOGAGC ATG TG TCAGATAGGTAGGAATAGC TCARTATGACTGGATGTGCCACTATTCAAAC
ACAGGTTAGTATTATGTGGCAGAAGCATCCCATTGTTTGATGTTATGGAGAAGALAGAAACATCC RAGGTGGAGTATCCA
T A A TG A A A G TT T TAT T TAC TTAGAGC TT T T TTGAAGACCAC ACAGGGARA MGG TGCTACTTCCAGTTT
CT T T T AR T R A R G A A R T R AT A e T R T TAAT R AR AT ARG ARATATTCC AAGGACTCARACTTAAGCTZTT
CATATACCCATARTGCC TAGAAGC AGAC TTOTCATGOTATC TEAATGATAGGC TATGG TG AGATC TTTTTAGGCTAACAG
TGTTTCTAGGTCAGGTGC TAGCATCCC TG TC AGGAAC AGGGGTOGGAAAGTATGGTGGCCTEAGATTTAGGATTTTAAC
TeTeTT T T T T TRAA G AT AT CT T T T e T e T RAA T T T A TAG T AT AT AR GATC T T T TG T TGO ATC TTATAACTTTC
A TAAT T AT AT TA R T T A G A TA G T T T T A R AT AT TAAGATTC TG ET G TCTT TATTCATATGGTGTCARA
TCCAATTCTGACTCTITTGTOATTC AGCACATTGC TCACARAGTATATAC TTTGATATAGC TTATACAGGCATATGGGCA
TAGATAATTTGGTTATTTCAAACATTTC TAGARTTTGAAGAGC TEGGTTTOAC T AAGTCCCC AC RACTATTATTGAATA
TCTTGGCTTGCTTCTTACATTCAACTARATTACARAATAGTGATAGGTTTTTIGTITTTTGTTTTTTTGTITTTTTTCTG
TGAATC AT G ARG A A A A TAA R TAC T T AT T T A RAGAAT C TCARAGCAC AGCTET TGO TTAGGATTTGRAGATC
TG AR AT T A AT T T T e T T A AT T T T T T T T T T TCAC TAAACGA A TAC A AATACATARACGATGTCGACCAGA
AGCCAAGRARCTOGAGATGGOC AAAGT TAAGACATGARAC TTGCTTATG TG TRAGC TATGC TTTTTGTAC RGAGACAGAC
TTAGGACTAGGCCTTTC ACAGCTTCCC AAGTGEGACAC AGRAGCTTGAAGAAC ATGCCATATTTTGTGCCTTCCCCACAG
GCATATAGGTGTCTCATTTTCTCTCATTATTARAACAATTCTCATTARACAATTTCTCTCATATTCTTTARGACARTCAT
SR AR AR T A R AR AT A AR A G CA T ARG AT TCAGAGATCARC AGARCACTCATGTGTCTTTTICCCTCT
G T T AR T T AT G ARG G AR AT G AR A A R AT TAC CAC TAC T CAGACACACATCC AAGCARAACETGAATCAGAA
TTGGATTCTTCAGCGTTTCTOCCAGTGTAAGAC TCCCTAAGC RAGGC AALRGRCARTC TTTTATARTCACTGCATTCTTC
AAATGTGAAGGAGAGCTAGATGTGGCTTCTCTATGCARAGTTAAGC TG TGAARATATGGAGARTAGATTGTGGAAGGCCA
R ARG T A TAAC TATCT e T T T A A T T TARAC AATAATGC TTAGARARAGARAAGACGTTTARGGAGCGATC
TCAT T T T A T ARG AT T e T T T T GGG A T e T AR A R T TTATTITC T CTICTICTTCTTCTTCCTCC TG
CAC TG AT ATTTC AATTTCCTCTTC AT TE TTTECTTOGOARGATAC TCCAC TTAGC TC AATCATTTC TTCTTTCATTT
TAATCGTCTGCTCATTTTTTTCTCC AGC THACAGC AGAACCAC ATTAGATTTGGATCTGGTAC ACATTCTTTTCCACTCA
TTCTCCACAATACCAGCTGTCACAAGTTTC TGGAAGALGGCAGAGATC AGCATCGCCGAC AGAATGCCCARGAACACAGA
CTGART G T T T A AT A T T e TAGA T GGG AT T T T T T TCAGGAATTAGATGCTTC ACAGTCGTAGATATCAACAT
AT G A A T T T AR T A ARG T AT T T T AT TT T TA AR RATCACGA RAGTGTCATGTTARGTATGTCCATGATT
CARAGAATTATTCCAGARATOGCAGCARAGAGGCTTAGAGAGC TC ATTATCAC TTTTGC T TG ACCALACTCTTECTGOA
GGTTTTTTCTGCTGC AGC THCCAGGAGTGATCC TGALATARTG TACATAATGCCTCCCCAGAGAGGGTACCATACACTCA
AACAGATGGGTGCGAAGACCCCTOTGOGGATCATC AGC AGTCCCCCCAGGGTAATATGGARGAGGCCATTCATGATTTGE
ARG A ARG TT T AT T e T AT G ARG ARG TT T TG TG e C AL CACTGAACGATCTCCTTTTGAGSTTC AC
TTT T GGAGC AGG T T AT GRAG GG ACCTT T TG TAGGC T TG TG FGA R A GG TCCACTCATTGAGTTTTCAARCGCCT
GGOTCTCCAGGC TCCARGGCTCCAAGGCTTARGGGCC AMATTAGCCACTCAC AGCTGAGATC AGTTGGCCTCTTCTATC
TCAAGTACTTGAAGATAGCTACAGTGTACTTACATATAATAATARATAAATCTTTAAAAARARAARALAARARGGAATTC
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GO Terms

an d E C N um be rs Maize Gene Ontology Assignments
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The TIGR Gene Indices <http://Iwww.tigr.org.tdb/tdbi/tgi>

Eukaryotic Gene Orthologs
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Building TOGs: Reflexive, Transitive Closure

And Paralogues

Tentative Orthologues

Thanks to Woytek Makatowski and Mark Boguski

ene




Tentative Ortholog 3220

TOGA: An Sample Alignment: bithoraxoid-like protein

Hunnan| THC 92801

l'nt!I:ETt"lrr-HJE RatiTC147399 [(#] Mouse[TC127159

Sequencel Sequence?
|RafTC147399 | Camle[TC10452 |89.49]
Mouse[TC127159 | Cattle[TC10452 '
HumanTHCA92801 | Cattle[TC10452
|Mouse[TC127159 | RaqTC147399
Human[THC492801 | Rat{TC147399

Human[THCA92801 | Meuse[TC127159

CLUSTAL W (1.8} |||l1ill|l]1- Sequence alimunent

mouse| TC1Z7159
human| THC492801
cartle| TC10452
cat [ TC147399

mouze| TC127159
ks | THC492801
cattle| TC10452
rat | TC147399

mouse| TC1Z7159
human| THC452801
cactle|TC10452
cat | TC1473595

TGGTCTAC MCAGGCTC - AG-GTGGCCACCACGTOC———~COACTGACATGATTAGCACTA
TEGTGTEAGTGGGTTOC A -GOGACTGCCATGTGC TRGTCC ACTGACATGATTGACATTA
CAGCCTEGCAGGGCTOC AACGTECC TTOCACGTGCCCGTCANTEGACATGATTAACGCT
MAGGTCTGCATGOC TOCAGGCAGCC == ACATG TGO CC= === RO TGACATGATTAACGCTA

" R wE W R rE EEEE l EEEEEEREE " L)

TTAT T T T GGG R A T TAAA T TARGOAATGAC RCAGGRAGCCCRGACAGTOHCTTATTC
RACATTCTTGG GGG CATTAARTTARGGAATGACACACGEGAGCCARGAGAGTGECTTATTC
AT T T TG A GGG AT TAA AT T ARG AATGAC G AGGGAGC CARGAALGCAGCTTATTC
TTATTCTCGGGRGACATTARAATTARGGARTGACACAGGAAGCCARCACAGTGCCTTATTIC

FETTT W OTTT TTTTTTITTTTETATTTERE TAEE NEET WEE W rrmTEEEm

AGTTGEATTCTEGATCACAATCAGGAAATAGTCTTTATC TR TGCCACCATAATTICATT
GGT TR T T T R AT R A AT A GG A AT R T TT TATC TG T FC AACCATAATTTCATT
AGTTGGATTCTGRATCACAATCAGGAAATAGTCTTTATC TRGTGCAACCATAATTICATT
AT TG A T T TG R R T e R A AT A GG R A AT ARG T T T TATC TG TRCCACCATAATTTCATT

FII¥ | Match length

408

407

G4k

375|

PROGRAMS FOR
GENOMIC
AFPLICATIONS

{
3 9
LS




Tentative Ortholog 144035

Sequeence 1

idopaaftIees
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p=

Secuence X

T

- elegpaEd [T 00T
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JLE LR
3de-11
1. 9e-141
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=134
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Gene Finding in Humans

IS easy!

T o= 30,833,899

T T
0900000

37 = S0,.951,.90
: &

Enzemhbl Genes

Iouzse Tz

Eat TCs

Cattle TCs

Pig TCs




N

Gene Finding in Humans is easy?

Ensembl

Jenes




Gene Finding in Humans is difficult?

) T o= 29,893,639 37 = 29,920,44
Scale: "F :;I'.

T T T T T T T T T T T T T
29,900,000 29,910,000

Ensembl Genes

Mouse TCs

Eat TCs

Cattle TCs

B % Wwt] o (W) |l

Pig TC's

[}
-

F

+ » =~ ".I : ,
azyanEsSuliiics



Gene Finding in Humans is difficult?

. 7= 30,806,415 37 = 30,815,590
mrale: ":i3 : . . . IP

1
T T
F0A510,000

3.!'

Ensetmbl Genes

Humman T s

Iiouse TCs

Fat TCs

Cattle TCs

Pig TCs

A genome and its annotation is only a
hypothesis that must be tested.
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~ RESOURCERER

httpi//pga.tigr.org

Jennifer Tsai

Miaban'ag F_xpncssion Froﬁ’ﬁng
of Rodent Models of Human Disease

e RESOURCERER 6.0
| contects |

Contacts
[ Outreach |

NHLBI PGA
Part nts

Gen Marker Search BLAST Search

READ ME GB Search

Select a single

el

http://pga.

figr.orgltools.shtml




Dataset | Rearray
A

EMAD
EMAD
EMAD
EMAD
EMAD

€ Sxasmas ron
N APPLICATIONS

RESOURCERER: An Example

BMP & affy HG-U95Av2

Based On: EGO

There @56 rows mn this table. Download | Jump to page | 1
Page 1100 i currently displayed. Mext

Clone Na GenB BMAP Dataset B
Acc TC

UL M-ACQD-aaa-¥-0-TI | ATR35193 | TCE54714 | affy HG-TT954v2

UL-M-ACQ0-aza-0-0-TT | ATE35201 | TCE62425 | affy HG-T95Av2

UI-M-AC0-aga-2-0-TT | ATE35206 | TCT74882 | affy HG-T95Av2

UL M-ACQD-aaa-c-0-TUI | ATB35214 | TCT54936 | affy HG-TT95 A2

UI-M-ACQ0-aza-¢-0-TT | ATE35221 | TCT73710 | affy HG-T95Av2

UI-M-AC0-aaa-¢-0-TT | ATE35221 | TCT73710 41321 s at
UI-M-40Q0-aza-¢-0-TL | AT835221 | TC773710 41322 5 at

Clone Name

GenB Acc

ATOOE28E

affy HG-U9SAv2
TC

THC1358632

ATO0D534

THC1264723

W5T730

THC1251303

AF030408

THC1252352

ACO04079

THC1357542

WAGE-265756 | AAS28077
IAGE-2517632 | ATS16034
leukemialymphoma 10 [Mus

GO0008656 (caspase activator)
GO:0016064 thumoral defense
mechanism (sensu Vertebrata
GO:0016066 (celhlar defense
response (sensu Vertebrata

THC1228447
THC135%9621
THC13%5026

THC1357542
THC1357542

tusculus]




€ Sxasmas ron
N APPLICATIONS

Marker Name

MMWMEAFPIZFLA L seq

01.MIHAP3EFLAL seq

UniSTS
D

122645

122634

Range: 23628083-28355680

There are 14 rows in this table.

Page 1 of 11z currently displayed.

Genetic
Map

Data Set

TIGE_25E_Mouse_Set

TIGR_25E Mouse Set
TIGE. 25E Mousc Set

TIGE_25E_Mouse_3et

TLGE_25E_Mouse_Set

TLGEE_25E_Mouse_Set

TIGE_25E IJdouse Set

TIGR_25E_Mouse_Set
TIGR 25K _Mouse_Set

TIGR_25K_Mouse_Set

TIGR_25E Mouse Set

Daownload |

Jurnp to page | 1

ATB48182

TIGR TC | Chr Left

23628083

TCEERSTE | 23651614

Chr
Right

23628267

23652048

ATB53264

TCE73044 | 23487727

23688118

ATIO17440

TCT763458 | 24433266

24434248

ATI0Z4130

TC721231 | 24754238

24758505

ATN553532

TC748004 257321982

25760355

ATI014337

TC717150 25804670

25813571

ATES4418

TCeTe007 27152177

27210452

AT544111

TCEE5151 27212167

27214345

ATT017969

TCETIS83 27728646

27729800

ATE37800

TCEE310E 27916527

28202210

ATR4T382

TCEE3108 27916527

28202210

28355515

28355880

TG Annotation

preprosofuate stating
somatostatin [Bdus musculus]

hemalogue to
GF|[7022921|dbiBAASITES
unnamed protein product
{Hotme sapiens), partial {77%

EIKEN cDIMA 2610525H0
zene [Mdus musculus]

fibroblast growth factor-relatr

protein FGF-124; fibroblas
growth factor homologous
factor 1; fibroblast growth
factor 12 [Mus musculus]

fibroblast growth factor-relate

protein FGF-124; fibroblas
growth factor homalogous
factar 1; fibroblast growth
factor 12 [MMus musculus]

Recently added: QI lLL-basedisearches
S




Tools for Array Analysis




MADAM: Microarra

[ Madam - Microariay Data Manager b=}
File Tools

[ Madam - Microariay Data Manager

User access is working on the Probe page in tes ss is working on the Report page in test_mad

Entry Report Application 3 . -y -

Probe Name: MT_11202 N Experiment report for: 9hrR1vs9hrRec30
Study

I
Sample Name: |CSU 054142 he INH Bpl-exper >

access
Experiment

Protocol Name:
| ohrR1vsOhrRec3n - . ‘.-_,‘ e ‘

Data Entry —This is a required field
Protocol Description

p-ul-esourcel 3
e Spots

Probe | Slide

Ihridization |
Dyo Labet |os DN
! Shuay o
Muclole Ackd Producet: [ PCR Prouct Epeiienc
Frone
siige

Primer Type omootam

Analysis ‘

- e Loté: [172213
Hew Oryanism |

Bapmsios |

Organism:

VIAGE=IVIL

Query
select n.plate#, n.well#, n.oene_id
from new_plate n plate_alias p e
- LogOn | Oufl  PCAScorer | Uploader 384 Well Ploto Creator  Guery Window:

J h Wh -t where n.plate® = p.plate®
ose p I e and p.alias like "DR%" = [@ecnseoee —_______________________ B=O
crps The Actens Dsptey

New Atos | Pt | Chose | |Dute | | S | | Remresn

ery Li | S Query | . g Reaction Date
J === p— ‘Té?t_vmad,lﬂat_e DRO?SFU 54”9;120 Uu :

] i
T - e —

Alexander Saeed
Vasily Sharov
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Syntek Inc. -
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MIDAS: Data Analysis

[E3 TIGR MIDAS ¥2.16 o ]
Project Eead Data Operations Write Data  Tools  Help

D8EPaEdttkddDPicBRL

Work Flow Parameters

Parameter | Walue
Slice Data Population (500
Data Keep Range = |+-2.00 5D
Data Keep Range = ---—--

Variance Stabilization,
Adding Error Models,

Tools

MAANOVA;,
Automated Reporting

View all parameters ‘ Pl

Processing Status

- Performing Intensity Filter ... Done!
- Performing Locfit({Lowess) normalization ... Done! I'
- Performing Flip-Dve Consistency Checking ... Done! ih

[ »

- Performing 5lice Analysis ... Done!
- Writihg output file(s) ... Done!
Process finished.

B




Mev Data M I n I n g TOOI Alexander Saeed

£ TIGR Multiple Array Viewer Alexander Sturn

File Adjust Data Mormalization Distance AnaIyS|S|DlspIay Sort  Help - :
APl :::? eSS Nirmal Bhagabati

= | John Braisted

T KMC
[T KMS

wow | Syntek Inc.

[T aTC

A e " e Datanaut, Inc.

[T SOM
[T FOM
[T PTM
[T SAM
T TFA
[T OV
[ TTEST
[T SM
| KNNC ’ is Display Sort Help
[T GDM

| [TPCA
[T Terrain
[T EASE

®/ 8

JIb W
EST | SWM TRN

PCA

xperiment Viewer
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Science




Integrating Expression
with other data




—~ Innate Immunit

CD14— LBP

L‘Ps,’i TLR Proteins Adaptive Immunity

*— MD-2
Antigen Presentation

Cytokines and

IRAK2— =  MyD88 Adhesion Proteins Inflammatory

Cell Recruitment

TRAF-6 —
- a

NIK— g
IkB— 7 43D .:*,e:? . .
K .o ‘“., De ;a;dation Pathophysiologic
NFacB J Conditions

Immunomodulatory Genes

David Schwartz Adapted from Godowski.
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Examples

C57BL/6 DBA/2

Lavage PMNs x 10 3/ml
S
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Don Cook, Shmbang Wang, DaV|d Schwartz




Examples

Lavage PMNs x 10 3/ml
S
(=)
(=)

i

(n=3

Straln

BXD29 BXD5

I
I
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Don Cook, Shmbang Wang, DaV|d Schwartz
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IDEA: Build QTL Maps and use those
to filter expression data

Goal: Find differentially expressed genes
genetically linked to response




Microarray Expression-QTL Consensus
Candidate Genes

426

Genes in QTL Genes by Microarray

w
Candidate genes for follow-up and validation ‘

= R

o BEsis -2+ sosesniam :. - ‘

B s ciiiiooau S B

_ -3 4 * ] 'y

Don Cook, Shuibang Wang, David Schwartz




Candidate Gene Set for LPS response

UTEILS
g uUTeIls
gL uTeIlg
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Don Cook, Bryan Frank, David Schwartz
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What have we learned?

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

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




Candidate Gene Set for LPS response

¢ Eared
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Don Cook, Bryan Frank, David Schwartz



Sleep Deprivation Studies in Mouse
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Experimental Paradigm

# Compare gene expression between sleeping and

sleep-deprived mice In cortex and hypothalamus

# Perform 3 biological replicates

¥ Normalize and filter data and use data mining techniques

to select distinct patterns of gene expression

¥ Use Gene Ontology (GO) assignments to classify genes

by cellular localization, molecular function, biological
process

. Use GO analysis to develop an understanding of response
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Mirek Mackiewicz, Yonghong Wang, Allan Pack




Differential Expression in Cortex

3 B2

chaperone

enzyme regulator
O

8%
enzyme
23%

signal transduce
8%

Ll Stress Response
VL

transcription
C2 binding regulator

% 4% obsolete
molecular_function 25%

unk|:,§wn e % I nte rm ed i ate
e Metabolism and
Rl Signal Transduction

1% ;
20% protein
2%

(@]
log Cy5/Cy3
2
Gl Lo - now

12 hours

=

D2
~ -
e, Energy Metabolism
2% transporter
6% - -
enzyme requlater [ qcha;);ﬂmne Transcrl ptlon ;
1% 1 transcriptior

w4 Mitochondrial and

%
enzyme
9%

Ribosomal Proteins

Q
logCys/Cy3
N Lo aN

binding
12 hours 46%

..... =

Mirek Mackiewicz, Yonghong Wang, Allan Pac




D

ifferential Expression in Hypothalamu
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EASE Analysis of GO terms

Cortex — Up-regulated Genes

GO Class GO Category p-value
GO Cellular Component  endoplasmic reticulum 6.06x10%
GO Molecular Function  heat shock protein activity 8.78x10™
pyruvate dehydrogenase (lipoamide) phosphatase activity 3.17x10%
chaperone activit 7 38x10
Themes:
General biological trends based on representation of
functional roles on the array 1
Problem: i

Requirement of functional class assignment limits utility |
for discovery of new functional networks

mitochondrial inner membrane 3.70x10°%®
GO Molecular Function structural constituent of ribosome 6.46x10°
RNA binding activity 4.83x10%
cytochrome ¢ oxidase activity 9.79x10°%
hydrogen ion transporter activity 1.88x10%

= Thanks to Doug Hosack and Iynn‘I.D‘ehn”is,mlb




What have we learned?

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

¥ But...
# Functional classes are not functions
# Significant additional work is necessary to
translate these classes to pathways and
responses




Predicting Outcome

work in collaboration with
Timothy J. Yeatman
H. Lee Moffitt Cancer Center




The Classification Problem

Expression

Profile KNN aJ




RNA and Protein Correlations




Colon Cancer Progression

Normal = Adenoma - Primary Tumor— Metastasis

I

o

2

——

Dukes’ B Dukes’ C Dukes’ D
5 year survival 70-85% 25-60% 5%

§ limothy Yeatman, Simon Kwong; Greg|Bloom, hrich; Leigh Anderson



Experimental Design

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

®

10 samples per group

& Microarray:

2 color 32k array

Samples hybridized to common reference
Dye-reversal replicates performed

Total RNA, no amplification

» ®

»

»

@ Microarray:
# 2D-PAGE followed by mass-spectrometry
é;@ R

g Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh/Anderson




Linking genes to proteins

Array Probes are cDNAs, not genes

Protein Sequence TIGR cDNA Sequence
SwissProt Tentative Consensus (TC) Genbank

g Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh/Anderson



Linking genes to proteins

microarray proteomics

32448 elements on array 1410 protein spots
566 identified

A4 ¥

27378 unique mRNA 154 unique proteins

‘ 4

53 genes with one protein spot and one transcript

4

47 genes with at least 10 valid data points!

N imothy Yeatman, Simon'Kwong, Greg Bloom; Steve Eschrich; LeighrAnderson



“Highly” correlated genes (12/47)

Description r p values
Proteasome activator complex subunit 2 0.682 2.53E-08
Metastasis inhibition factor nm23 0.579 8.14E-06
Proliferating cell nuclear antigen (PCNA) 0.567 1.08E-05
Proliferation-associated protein 2G4 0.558 1.88E-05
Fatty acid-binding protein, liver (L-FABP) 0.797 3.79E-05
Peroxiredoxin 4 0.517 7.18E-05
Creatine kinase, B chain 0.545 9.40E-05
Mitochondrial 3-hydroxyisobutyrate 0.808 2.35E-04
dehydrogenase
Cadherin-17 precursor 0.516 2.09E-03
Argininosuccinate lyase 0.408 3.29E-03
F-actin capping protein alpha-2 subunit 0.336 0.01
Mitochondrial acyl-CoA dehydrogenase

T i w & APPLICATIONS




Hierarchical Clustering by mRNA expression

—normal — adenoma — DukeB Duke C Duke D — metastasis

¥ O TR o

gl Timothy Yeatman, Simon Kwoeng, Greg Bloom, Steve Eschrich; Leigh/Anderson




Microarray PCA

- normal — adenoma -— DukeB Duke C DukeD =-— metastasis




Hierarchical Clustering by protein expression

—normal — adenoma — DukeB Duke C Duke D — metastasis

¥ O TR o

s Timothy Yeatman, Simon Kwong, Greg Bloom, Steve Eschrich, Leigh Anderson




Proteomics PCA

- normal — adenoma -— DukeB Duke C DukeD =-— metastasis




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

@ There are numerous possible technical
explanations for this — requires further
analysis

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

¥ O TR o

gl Timothy Yeatman, Simon Kwoeng, Greg Bloom, Steve Eschrich; Leigh/Anderson




Predicting Survival

work in collaboration with
Timothy J. Yeatman
H. Lee Moffitt Cancer Center




Survival Classification Set

@ Start with 73 Dukes’ B and C tumors with
survival data

# Profile expression on arrays

® Use SAM with Censored Survival Analysis
to select significant genes

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

< C HEOREET —
. e e seten 7 -
oo RS toiiiciiitiiiamm =

Ivana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman




Original row Clone Name

23667 Image:488033
4697 Image:460395
11029 |Image:128457
17380|Image:130854
5152 Image:242797
28052 Image:2043415
9637 Image:700461
25310 Image:796878
26499 Image:269815
6925 Image:773278
14102|Image:252453
6146 Image:509516
29198 Image:2115602
28743 Image:754250
30718 Image:272694
10497 |Image:753428
1922|Image:123742
18930(Image:183200
20064 Image:24067
24682 Image:172495
29976 Image:2062345
27256 |Image:897107
28497 Image:768316
30633 Image:321271
23089 Image:243549
21529 Image:741474
9651|Image:416280
20264 |Image:843263
3184 |Image:509458
17742|Image:261829
30132|Image:41170
19840 Image:178818
26573 Image:179276
26161 |Image:810133

SAM SIGNIFICANT GENES

GB#
AA045793
AA677531
R10545
R22204
H94043
AlI371096
AA290631
AA463189
N27159
AA425320
H87144
AA047340
Al493402
AA479270
N36176
AA410434
R01398
H44956
R39317
H19822
AI337308
AAG76877
AA495766
AA037410
N49526
AA401111

AA488652
AA056375
H99203
R56477
H49455
H50323
AA464251

TC#
THC915844
THC925057

THC987381
THC1013186
THC1022305
THC918268
THC942191
THC899426
THC915844
THC958545
THC908165
THC1014756
THC862179
THC960848
THC986960
THC1024446
THC863066
THC987467
THC986991
THC987466
THC1021656
THC925935
THC864588
THC1031960
THC897309

THC862216
THC899187
THC968032
THC911668
THC882357
THC862010
THC950559

Putative Role
DnaJ homolog subfamily B member 9 (Microvascular endothelial differentiation gene-1 protein) (Mdc
Similar to hypothetical protein FLJ22625 {Homo sapiens}

yes-associated protein homolog DKFZp58611419.1 - human (fragment)

Death-associated protein kinase 1 (EC 2.7.1.-) (DAP kinase 1). [Human] {Homo sapiens}
unnamed protein product {Homo sapiens}

brain-specific GTP-binding protein {Homo sapiens}

Inhibin beta A chain precursor (Activin beta-A chain) (Erythroid differentiation protein) (EDF).
DnaJ homolog subfamily B member 9 (Microvascular endothelial differentiation gene-1 protein) (Md¢
CGl-86 protein {Homo sapiens}

unnamed protein product {Homo sapiens}

transcription factor SL1 - human

KIAA1253 protein {Homo sapiens}

hypothetical protein {Homo sapiens}

Similar to RIKEN cDNA 1110014B07 gene {Homo sapiens}

unknown {Homo sapiens}

Fumarylacetoacetase (EC 3.7.1.2) (Fumarylacetoacetate hydrolase) (Beta-diketonase) (FAA). [Human]
putative {Mus musculus}

hypothetical protein {Homo sapiens}

protein-tyrosine kinase EPHB2v {Homo sapiens}

mitochondrial citrate transport protein {Homo sapiens}

RCC1-like G exchanging factor RLG [imported] - human

rho GTPase activating protein 8 isoform 1 {Homo sapiens}

Myb proto-oncogene protein (C-myb). [Human] {Homo sapiens}

Glucose-6-phosphate isomerase (EC 5.3.1.9) (GPI) (Phosphoglucose isomerase) (PGl)

ribosomal protein L2 {Homo sapiens}
Ubiquitin carboxyl-terminal hydrolase 7 (EC 3.1.2.15) (Ubiquitin thiolesterase 7)

Apical-like protein (APXL protein). [Human] {Homo sapiens}
fatty-acid synthase (EC 2.3.1.85) (version 2) - human

Red are positive and greenjare negative genes: A positive score means; that

higher expression is associatediwith higher risk; ie; shorter survivail

) PROGRAMS FOR|
GENOMIC

E

APPLICATIONS
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lvana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman



Clustering based on k-means support

Prognosis::




PCA analysis of survival samples

Ivana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman



Survival Classes based on k-means clusterin
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Ivana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman



Survival based on Clinical Stage

Survival by Dukes' Stage (in Months)
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Steve Eschrich, lvana Yang, Greg Bloom, Tim Yeatman




The Challenge

Supervised gene selection followed by
unsupervised clustering works quite well

We anticipate that supervised approaches
would perform better

Use complete leave one out cross-validation to

classify samples and to identify a core set of

genes for classification

# [teratively leave out one sample and redo
gene selection, algorithm training, and
testing
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Ivana Yang, Steven Eschrich, Greg Bloom, Tim Yeatman




SVM Classification

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

Separating
/hyperplane

: RReee: ;0.0 il it S
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Ivana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman




SVM Kernel Construction

The expression data can be transformed to a higher
dimensional space (feature space) by applying a
kernel function.

This transformation can have the effect of allowing a
“separating hyperplane” to be found.
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Ivana Yang, Steve Eschrich, Greg Bloom, Tim Yeatman




Consensus genes

GB#
R01398
H44956

H19822
AA037410
AA495766
AlI337308
R39317
AA488652
R56477
N49526
H99203

AA401111

AA448641

¥

TIGR TC#
THC1024446
THC863066

THC986991
THC864588
THC925935
THC987466
THC987467
THC862216
THC911668
THC1031960
THC968032

THC897309

THC889589

Putative Role

unknown {Homo sapiens}

Fumarylacetoacetase (EC 3.7.1.2) (Fumarylacetoacetate hydrolase)
(Beta-diketonase) (FAA).

hypothetical protein {Homo sapiens}

rho GTPase activating protein 8 isoform 1 {Homo sapiens}

RCC1-like G exchanging factor RLG [imported] - human

protein-tyrosine kinase EPHB2v {Homo sapiens}

putative {Mus musculus}

ribosomal protein L2 {Homo sapiens}

Myb proto-oncogene protein (C-myb). [Human] {Homo sapiens}
Ubiquitin carboxyl-terminal hydrolase 7 (EC 3.1.2.15)
(Ubiquitin thiolesterase 7)
Glucose-6-phosphate isomerase (EC 5.3.1.9) (GPI)
(Phosphoglucose isomerase) (PGI)

transcription factor {Homo sapiens}
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Ivana Yang, Steven Eschrich, Greg Bloom, Tim Yeatman




Survival Classes based on SVM - alive/dead
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Survival Classes based on SVM - Two year cutoff
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What have we learned?

& Microarray fingerprints can provide clinically
Important clues about disease progression

& Many of these require additional validation

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

# More data are needed to validate these findings
#® This approach and the classification gene set have
since been validated using an independent test set

and an Affymetrix GeneChip™ data set
R

Ivana Yang, Steven Eschrich, Greg Bloom, Tim Yeatman




Where are we goinqg?

»

iy

There is still a role for biology!

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

. We also need to begin to think about integrating

diverse data types in an intelligent way.

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

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

a theoretical biology.

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




A theory has only the possibility of being
right or wrong. A model has a third
possibility; it may be right but irrelevant.

— Manfred Eigen




Nobody in the game of football
should be called a genius.
A genius Is somebody like Norman Einstein.

- Joe Theisman,
Former Washington Redskins quarterback
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