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Revolutions In the analysis of gene
expression

Protein function

Proteln concentration
Post-translational modification
ranscriptional control
Genetic variation

Genomics




Multiplex gene analysis: Why?

Complex diseases involve expression modulation
40,000 genes, perhaps more
We are not so clever

he ultimate goal Is to reconstruct the
biochemical and functional networks of the cell.
One can not understand a network by studying
one gene.




Methods for multiplex expression analysis

Two dimensional protein electrophoresis [2DE]
Differential display
Representational difference analysis [RDA]

Serial analysis of gene expression [SAGE]
RNA array methods



Array Systems

cDNA Oligonucleotide
chips

Probes: amplified spotted cDNAS Probes: Oligos synthesized in situ or
http;//cmqm.Standford.edu conventionally & followed by

http://www.nhgri.nih.goy ~ mmobilization

Oligos as long as 80bp
http://www.affymetrix.com

http://www.rii.com (Agilent)



http://cmgm.standford.edu/
http://www.affymetrix.com/
http://www.rii.com/

Array preparation
Microarray Genechip

cDMA microarray High-density oligonucleotide microarrays

mRMNA refernce
sequence

cDMA collechon

EEEEE R Perect mateh probe set

Mismakch

Insert amplification by PCH
Vector-speciiic primers
Gene-specific primers
In situ synthesis
by photolithography
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Printing
Coupling
Denaturing

Available genes: 10k — NCI [$50] 20k - Affymetrix




Sample preparation (direct labeling)

Hybridization
mixing
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Arrays

" IHs-UniGem2-v2p9-060701]

Blocks: (18x18) x32
Features/Spots: 9984
235um spacing




canner
GenePix 40004

Post-hybridization
microarray . | i =
analysis e - software

GenePix Pro




Typical software (GenPix Pro)

Image scanning
Cy3/Cy5 signal normalization
Image cleaning
GAL (gene array list) loading

Image analysis



(=
" a
U]
LI |
e

| B

LF]

9 E W9

L

L]

=]
e & W o
aga g

[ %]

ra

Y

.g|'\'\.

- ]

Ml Case Cy5
Control Cy3

Reciprocal

L BB

=]

L¥]
-]

a
= O B &

L

.
#8 % 0

b uwa

= 4 9 u @

L5

]

2% an

g
e G v e W
L
B g e N

e 8 - "9
m % g8

&

[
L

'E AR E
[ I B I

- @ o
BN O
-

‘ -
BN

L
L

L

-
. e
[ ]

] uhw e
o
N
(4]
| o e mE e
U

"oy

[ &)

O

i

N BN DN -

.. labelling

d Case Cy3

Control Cy5




Array vs Chip

cDNA
Microarray

Ratio Cy5/Cy3 Case Cy5
Control Cy3

Ratio >2, < 0.5

Oligo-microchip

Ratio Arrayl/Array2



B3 Microsoft Excel - Project 06-06.xls

E‘Eﬂ File Edit View Insert Format Tools Data Window Help

hEeEas® &RV & B

& = -5 i 2

? - Al

ArrayTools

Collate data

H167 -

F [.535540755127595

Scatterplot

A2 | e | ¢ | b | E | F | 6 |

Hierarchical clustering

nique |+

=30P 10w S453MAF =] S45MHLF| S50PTF =] 50157 F 5| 552E70F+] =52

Hs. 100636
Hs. 10053
Hs. 100532
Hs. 101355
Hs. 101513
Hs. 102171
Hs. 1023505
Hs. 102402
Hs. 10242
Hes. 10247
Hs. 102471
Hs. 102454
Hs. 10355
Hs. 103304
Hs. 104352
Hs. 1043524
Hs. 104744
Hs. 104767
Hs. 104755

-0.557 41
0.0R3553
-1.27939
-1.24377

0. 926020
0.7 4504
1.2547 26

-1.2R305
1.555718
076171
-0. 05657
0.514454

07771
-0.359355
0115839

http://linus.nci.nih.qov/c

0. 800BES

0.1 1857

-4 0527

1.652778
-1. 554k

-1.637h6
-0.23651
3.60E-01
01255975
-0.027 45

-0. 1055

g.B5E-01
-1.53685
-1. 29803
0. BREEE4

2805992
2011277
1.269755

-0.55649
0.5103533
3. 104522

071029
2163743
-0.598676
-0. 56562
-0.92657
-1.26101
-1.167 65

20597954
014193
S 15E-02
-1.13821
0113537
0.67b42
0523755
-1.27643
-1.38641
0.7735
2936481
0605555
-0.57138
28704k
-0.78055
0.032264
0.7 1241
-0.902596
-0.60RSE

0315529
-1.660522
0. 10755
-0. 44305
-1.65563
-1.41166
0.9581623
0. 123453
0.545519
0.2165953
0. 753535
0.575335
017907
014155
-0. 2580355
0.817435
-0. 25256
0. 26ESE7
0.352524

0. BhEE3S
0.004331
1219077
-0.52897
-0.35622
-0.35503
0.044153
-0.18873
0.910564
1.11860592
0. 220353
012753
1.15

0. 2kEd4.24
-b. 18E-O1
0670793
-0. 43758
-0.54701
-0.297 36

4.7
1.2
3.7
-2.

Classification

Ttihities

-l MMultidimensional scaling

iy BRE-ArrayTools Help

0.1
0892415
-1.935052
2321802
1.213758
-3.97k508
1.047546
2.827 182

-1. 0555

[.53554 1 _l
-0.2574

-0.04424

-1.135604

-1.1738

-0.55262
1029585
-0.537 731
1.105524

-4 05E-01

0.0755957
0073551

06145
0. 460116
0.518575

I-bin/brb/download.c

1474k
0. 366554
2535235
-1.04325
-0. 45345
d.8h1236
-0.5134
-1.8208
-0.25107
-1.07135
-5.43E-01
-0.51732
-0. 25856

A AR
1. 56652
-0.82697
-0.530513
-0. 4554
-0.785947
-0 58252
0.50425
-1.377 71
-0.8667
-1. 15859
-1.53552
-1.44k5



http://linus.nci.nih.gov/cgi-bin/brb/download.cgi

<2 mAdb pArray Center Home - Microsoft Internet Explorer _

J File Edit View Favorites Tools Help
J

+-Jﬂﬁ‘ﬂﬂ;‘;ﬁ‘f

B ack Hioprard atop Refresh Home Aearch Favorites Histosy

dress |&] http:inciarray neinih govs
inks &]Customize Links ] Free Hotmail &) Windows Media @] Windows @) FealFlayer @Free &0L & Unlimited

Center for Cancer Research NCI
CIT Center for Information Technology
mAdb System Home Page

Page Updated: Friday, 07-Jun-2002 10:42:00 EDT

Welcome to the smAdd (aka Mad Bee) Home page.
4 CITBERMAL 15 collaboratng wath NCTCCE in the development of the

:lh BioInformatics to manage, access and analyze cDINA plrray data

gcenerated by the NMCTCCE phrray Center.

-@¢ NOTICE - mAdb Scheduled system OUTAGE
On Saturday, Jun 15, 2002, the AFS fileservers wall be upgraded. The m&db WEE server
depends on these servers and will be unavailable during the upgrade. The outage 13
scheduled to begn at Jarm and last untl Spm (6 hours),

Posted 8:30am &6/11/2002

Crateway - Data Upload, Access and Analysiz Tools
(Hote: Must be a registered m& db user - LoginPassword required.)

Array Ordertne Tracline WEEsite
(Mote: Different WEBsite & didnistered by the ATC, a separate login needed)
mbdb Account Eequest - Eequest a new user account.
mb db Traming wa CTT
o méidb Basic Informatics Course - Description and Sign up for 2 hour itroductory class




LOCAL APPROACH GLOBAL APPROACH

Condition/phenctype Different conditions
or phenotypes

B2t ate X

Exprassion profiling

}

/ Expenment Compendium of data from different experiments

i\

Analysis of selected genes
Overexprassion
Gene knockout Cluster 2

RMAI

{%H

Cluster 1

Cluster 3
Microarray analysis

Cluster 4

Experiments
|[dentification of genes pe

potentially involved in l
condition/phenotype
|dentification of:
Co-regulated genes
Genes with related functions
Pathway signatures
Tumour classification

List of
up- and downregulated genes

Schulze et al, Nature Cell Biology, August 2001



Array Analysis Methods

e Gene Discovery

— Qutlier detection — simple and group logic retrieval
tools; single and multiple array viewers

— Scatter plots

e Pattern Discovery
— Clustering — Hierarchical, K-means

— Principal Components Analysis; Multidimensional
Scaling

e Pattern Prediction



EXpression signatures and profiles
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What Is Clustering?

Clustering algorithms are discovery algorithms that find structure
In data.

Discovery algorithms develop their own sorting parameters
without human intervention.



Hierarchical Clustering

Division of Clinical Sciences : NCI
CIT : Center for Information Technology

mAdb Hierarchical Tool Form 1.00

Mote the --@ marks iterms which lead to addiional help when clicked

Hierarchical Clustering Options --@¢

enes |Mon-centered hetric |

Arrays |Mon-centered Metric |

Distance Metric |Pearson Correlation |x

MNatne {optional) IDEHO‘

Cluster |

Home | Analysis Tools | Forums | Reference Info | Program Downloads | GeneCards




Hierarchical clustering

Mock phylogenetic dendrograms



Dendrogram Construction for
Hierarchical Clustering

e Merge nearest neighbors
e Merge more distant datapoints



K-means clustering

Genes are divided into k user-defined, equally-
sized groups.

Gene group centroids and individual genes are
then reassigned.

The process is reiterated until group
compositions stabilize.



Clustering

Clusters are also developed from random data:

» Are clustered genes related in function?

* Do clusters group related samples/tissues/diseases/treatments?



Clustering of Melanoma Tumors Using Average Linkage Clustering of Melanoma Tumors Using Complete Linkage

Clustering algorithms:
Differing results
(Bittner et al., Nature, 2000)




mAdb Biolnformatics Project: Current

Links to external data sources
dbEST
GeneCards
LocusLink
MGD
GenBank
Stanford GO (Genome Ontology)
PubMed

UniGene

Automatic updates of external data sources
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WID:161322 || IncutePD:i2527 11 MGP —— matrix Gla protein
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Clustering significant genes

Van’t Veer et al,
Nature, Jan. 2002




Issues for Study Design

Appropriateness of model
EXxposure, genotype, timing
Tissue and cells
Controls: Sieving the genes

The issue of completeness
# genes expressed In tissue
% modulated at chosen level



Pitfalls in multiplex analysis of gene
expression

Nonspecific changes in gene expression

Quantitatively small changes can be critical

MRNA modulation is often not the mechanism
Allosteric regulation of enzymes
Receptor desensitization



Conclusions

Multiplex analysis of gene expression has great potential for
Identifying intermediate processes in neural diseases

Realization of the potential of these inherently industrial methods
requires more incisive experimental designs

The downstream biology Is inherently nonindustrial
Appropriate controls can narrow the field of candidate genes

These methods should lead to the identification of new pathways
In disease and an understanding of sharing of pathways between
diseases
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