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Where is this data?

=~ How do I analyze
this data? |

What did I find?

Web-accessible data

e Great amounts of publicly available microarray data are
available on the Internet

o National Center for Biotechnology Information
Gene Expression Omnibus
- http://www.ncbi.nlm.nih.gov/geo/
- Over 16,000 microarrays from over 700 types of microarrays.

o |Whitehead Institute Center for Genome Research
- http://www-genome.wi.mit.edu/cgi-bin/cancer/datasets.cgi

- Microarrays from 12 publications involving many types of cancer,
including some clinical measurements associated with each
sample.

RNA expression detection chips

influence Tagged
CDNA with fluor
copy

s 555535

cDNA spotted on glass slide or
oligonucleotides built on slide
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e (Quantitative, absolute or relative
® Genes chosen arbitrarily
® Needs functional tissue

Schena M, et al. PNAS 93:10614 (1996).
Nature Genetics, 21: supplement (Jan 1999).

Agenda

¢ Finding web-accessible data
e Web-downloadable analysis tools
¢ Rediscovering what you've found

e Discovery portals: binding data and the
tools that operate on them

The following lists and URLs are available in
Butte AJ. The use and analysis of microarray data.
Nature Reviews Drug Discovery, 1:951, December 2002.
so don't struggle to write them down...

Web-accessible data

e Children’s National Medical Center
(HopGenes Program in Genomic Applications)
- http://microarray.cnmcresearch.org/pgadatatable.asp

- Over 1400 microarrays from 45 experiments, including many
human diseases, muscular dystrophy, dermatomyositis, and heart
failure, as well as mouse, rat and dog models of spinal cord
injury, pulmonary disease, and heart failure.

® Human Gene Expression Index
- http://www.hugeindex.org/databases/index.html
- 121 microarrays from 19 normal human tissues.




Web-accessible da

o Stanford Microarray Database
- http://genome-www5.stanford.edu/MicroArray/SMD/

- Over 4000 microarrays measured across 15 species, from 173
publications.

® (ardioGenomics Program in Genomic Applications
- http://cardiogenomics.med.harvard.edu/public-data.html

- 142 microarrays involving mouse models of cardiac development
and signal transduction, including measurements made in time-
series.

® TREX Program in Genomic Applications
- http://pga.tigr.org/data.shtml

- 565 microarrays from mouse and rat models of sleep, infection,
hypertension, and pulmonary disease.

mamd Cluster

® An absolute standard tool in microarray
analysis
http://rana.lbl.gov/EisenSoftware.htm
Performs a variety of types of cluster
analysis and other types of processing on
large microarray datasets
- hierarchical clustering
- self-organizing maps (SOMs)
- k-means clustering
- principal component analysis

e For Windows 95/98/NT only (|8

Genesis

® Free for the moment
e http://genome.tugraz.at/Software/GenesisCenter.html
e Very polished, Java based

- Hierarchical clustering

- Self-organizing maps (SOMs)
- Principal components

- Support vector machines

Existing clustering techniques

Several algorithms have already been =

| =% |
developed for knowledge discovery and "
data-mining of RNA expression data n
sets T
Hierarchical clustering: Eisen MB, PNAS .
95:14863. Look at the neighbors of -

unknown genes/samples.
Self-organizing ma amayo P, PNAS
96:2907. Similar items are near each
other.

Relevance n ks: Butte AJ, PNAS =
97:12182. Networks of positive and

negative association.

Principal components: Raychaudhuri S,

PSB 2000. How can I best spread my

samples? —
Nearest neighbors: Golub TR, Science

286:531. What genes best predict my

outcome individually?

Support vector machines: Brown MP,

PNAS 97:262. What combination of
genes best splits my outcome? Butte AJ. Nature Reviews Drug Discovery, 1:951.  EINUCWINIL

K

GeneCluster 2.0

e Whitehead Institute

e http://www-genome.wi.mit.edu/cancer/software/
genecluster2/gc2.html

® Java based
- Nearest neighbor
- Self-organizing maps (SOMs)
- Marker analysis

TIGR MEV

Multi-experiment viewer
http://www.tigr.org/softlab

Extensive
documentation

Java-based




GenMAPP

Gene Microarray Pathway Profiler

Relnet

e Java-based software to make relevance networks

e http://www.chip.org/relnet Paints pathway pictures in the context of microarray

Accession Numbers
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228202_at M63603 Hs.85050

¥

5350

HUGO Gene
Refseq

www.unchip.org

“Before and after” example
- 33640_at: Cluster incl. Y14768: Homo sapiens DNA, cosmid clone
- Unchip:  Allograft inflammatory factor 1
Search for “95654_at”
- valyl-tRNA synthetase 2, heat shock protein cognate 70, etc.
Search for “M35416_at”
- Affymetrix: RALB V-ral simian leukemia viral oncogene homolog B
- Edition 2: v-ral simian leukemia viral oncogene homolog B (ras
related; GTP binding protein)

- Edition 3: stathmin 1/oncoprotein 18

Can find official names, symbols, and synonyms for accessions
Can search for expression by functional domain or meaning
Available as database and web-site, at www.unchip.org
Updated periodically

measurements

http://www.genmapp.org

Can help Fatly Acid §
translate list of

genes into

implicated

pathways

Looking up results

Database Referencing of Array Genes Online

- http://www.kennedykrieger.org/pevsnerlab/dragon.htm
Unchip

- http://www.unchip.org

Resourcerer

- http://pga.tigr.org/tigr-scripts/nhgi_scripts/
resourcerer.pl

Netaffx
- http://www.netaffx.com
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Integrating data across species

NHLBI Programs in
Genomics Applications

Binding data and the tools that (PGA)

t th 11 funded nationwide
operate on em PGAgene: Integrated

Ph n gene-centric view
ysge Available today at

- http://pga.mcw.edu pgagene.chip.org
5.9 million pieces of data

PGAGene from over 1,200
publicly available
- http://pgagene.chip.org microarrays
Combining 893 genes
measured in rat, mouse and
human, across 997 arrays
NCBI Geo Programming by

Kyungjoon Lee

Discovery portals

- http://www.ncbi.nlm.nih.gov/geo/

HomoloExpress HomoloExpress

HomoloGene: orthologs and homologs across 19 HomoloExpress has over 4,000 samples
organisms 22.7 million individual expression measurements

GEO: public gene expression data repository Mapped to over 60,000 ortholog relations
GEO does not provide any capability to allow Over 70 microarray platforms for 5 species

searching across species using gene homology Mouse beta adult hemoglobin major chain (Hbb-b1)
has most measurements (18,950 array measurements)

HomoloExpress allows a cross-species, Gastric lipase (Lipf) ortholog family has the most
gene-specific search of data within GEO measurements across species (19,444 array

homoloxp.chip.org measurements)




Summary

homoloxp.chip.org

Coexprasied Gemes (10 = 0.8, 0 = 20}

)

Physiogencmi

= PhysGen: pga.mcw.edu

PhysGen is one of 11 NHLBI Programs in
Genomic Application.

in vivo, in vitro, in http

Let's try a live example

Start with an interest

Move to a rat model QTL / physiological finding
Go to rat genomic map

Move to multi-species expression data

End with a hypothesis

. Data Introduction

o Data Let’s check out their animal models...

Fat Strains an




=] ten Eterssn P
Eliown gwen oo glo gow G g

" Strain & Genotype Data Deseription

Samin lams. Serain Duscriptian

vt - Mas + #
5 glocen @ gou

Scroll down a little.

RGD

SN ¢

N FT (P
e ions  BNICub-x F>20

dl (3 Pierd frieem @ =k E

B e, il

Type

See Also BNCr
BN/Cubdx
BNKa
BN/NHsdMcwl

BN abhy

CoatColer BN
BNKa ram
BNNHsdMew £

#Inbred B i

Gt

08
inge s - Byw -

HEFLRINCE S

Scroll down a little...

[=:13 Fscher COF(F-344)CHBR Clartes River Labratorie

conGs corioscac I remember hearing that the
Brown Norway has a

problem with diabetes...
A FHH genomic backprousd with & BN diremosome |

Sarnin Mama Sarmin Description

ax Beerwn Norway, BN SiNHM Mews
FHH Fasn-Hooded H

FHH- 1BN Mewi

[r—

GH Genetically Hrperteniive Rats. The MCW colony wai dovived.

ity of Oeago colomy, registered pure ke GH O

e (Festing MFW. 1979, Inbred Strains in Blomedical Research
Macoslan London) s described onginal by S [Surk FH
st Hll WH (1935} Inberted bypertession i rats. Natwe

from e Un

(Londen) 15T

vl
CONSOMIC ganotipe test reslt,

CHBR) Charles River Laboeatories

Strain QTL data:

BN
Ciw Symbal
X Midgmis

Cials
Cial®

Niddigkt

Bo18
2 ca?
Hiddig2

Bpl7
2 Bpis
Bpe
BpQTLclusend
Nida/ghd

Symal

Fusll Nama:
Chromesame 2
LoD 4

Mapping Crosses Gk x BN
Strains used BN GK

Trait
Subtrait
Description

Mapping Data:

Flank & Peak Marker 3

Marker  Symbol
Peak D2Wox23

Flies frheem @ 3= b B

=-08
Woewo e Gotawn s | o | @iagaiots - Bw - S

HEFLELNC]

Here's the marker for the peak
for the QTL...
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Associatd Genes 510084
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Mapping Data (7)

Map Locations for =

Marker Symbol Map Name Che. Position

S5LP D2Wox23d

Strain Variations (7)
—

And here’s how to test for that marker.
Interesting... there’s a gene here.

Let's recap: in rats, using these PCR primers,
we can extract a stretch of DNA.
The length of this DNA differs in different

And differences in the length of this DNA
statistically correspond with differences
in fasting insulin level.

There happens to be a gene in this stretch.
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other interesting
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PGA Gene: Gene-specific genomic data search engine

What is PGA Gene?

. \ : - Let’s think about the function of

= S100A4, or specifically where is it
_ How the search engine works D d in the PGA -—I

PGAGene: pgagene.chip.org

Search examples

- worcific precmic data warth egiow - Microod! Internel Explrer

=l

- By -
Quick Search
LocuslD

It was measured on 10 microarrays by the
HopGenes PGA. Let’s go back...

| PGA expression array measurements

- worcific premic data warth egiow - Microod! Internel Explrer

Bl e | @roars - By -
Quick Search
— Wow, the mouse S100A4 was measured on 326
microarrays. Let’s look at the HopGenes
arrays...

PGA expression array measurements

0k, three orthologs. Let’s start with human...

Quick Search

...and try mouse...

=l B
Array probes for 51

g

: O - By -
14 In HopGenes

Hmm... this gene is best expressed in
mouse in regenerating muscle...




Quick Search
LocuslD a1

Let’s look at the CardioGenomics arrays...

D Prowsusre- Ovevioad Home - Micrmalt interet Explorer

:)_ I see, they were trying to study pressure-overload induced
= cardiac hypertrophy.

&)

1o

| _ Interesting. My hypothesis is now that the Brown Norway rat

a has signs of diabetes because of the gene S100A4, and
it's because S100A4 is expressed in muscle under a
variety of conditions, and I already know that muscle is
an important insulin target tissue... hmm...

4

« Background

Search Results.
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Yes, we have the right symbol... and it's on chr

the mouse.

Ores | @roxts - Wy - 4

14 in CardioGenomics

Interes'ting... it is highly expressed in
banded smooth muscle. What exactly
was the experiment they did?
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Let’s see what else is known about the gene S100A4 in the
mouse...

The Jackson Laboratory: www.informatics.jax.org

Gene Detall
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We alréady know ﬁﬁlymorphisms in this gene... but wow!

Someone has already made a mouse where $100a4 was
knocked out!
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Eric Neilson appears to have replaced exons 2 and 3 of this
gene. What happened to this mice?

. Where is 5100a4 expressed normally in human?

* Genomics Institute of the Novartis Research Foundation:
expression.gnf.org

In mouse, it’s highest in epidermal tissue and spleen, but
above the median in skeletal muscle and brown fat...

a o owiin Sl e b s e s gt

“= Hmm... they didn’t see any defect... ugh!
;Glad I didn’t set out making a knockout mouse myself!

Interesting... though we saw it high in muscle, it's even
higher in whole blood, spleen and lung.

A S e

One last in sih'co_ résource. Can we see what happens if this
gene is knocked out?

T e — B yG ics: baygenomics.ucsf.edu

i o et

Unfortunately, they don’t have S100a4, but they do have
Il6st...
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In an effort to randomly mutate or damage genes in the
mouse, BayGenomics was successful in placing an
insertional mutation into this gene. The embryonic stem
cell can be purchased and (with luck and hard work)
differentiated into relevant cell types.
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& BayGenomics

ant sitn Images e NAL_ 010560

\_ They haven't looked in every tissue, but they have looked at
o embryos and adult lungs...

P—

Looks like they have in situ images for this gene...

pnaca —
| « With some magnification, one can even see where this gene
= might be expressed during development.

All of this without lifting a pipette.

We've gone from an idea tested using rat genetics,
to an expl ion of the rat g
to an exploration of genomics in multiple species,
to an experiment resulting in an interesting gene,
to a mouse database including knockouts already done,
to genomic profiles of normal tissues,
to a catalog of genes knocked out in ES cells,
to pictures of where this gene is during development.

Can be empowering not just molecular biologists but also the
next generation of physician scientists.




Usmg Genomics to D1agnose

Difficulty
distinguishing
between leukemias
Microarrays can find
genes that help make
the diagnosis easier

Golub TR. Science 286:531, 1999.

Using Genomics to Treat

. PNAS 97:10613, 2000
A common palymorphlsm associated with
antlblotlc |nduced cardiac arrhy‘thmla

o Genes will help us determine which drugs to use
in particular disease subtypes

e Genes will help us predict those who get
side-effects

EFFECT OF A SINGLE AMINO ACID CHANGE IN MHC CLASS I MOLE
ON THE RATE OF PROGRESSION TO AIDS

4 R\EH»«FDKASLC\ M., J.««NESJ GJEDERT MD, 5 NB
STEPHEN J. O'BRIEN, PH.D., aND Mary C..PmNcmN PuD.

1668 - N Engl ] Med, Vol 344, No. 22 - May 31,2001 - www.nejm.org

Many physicians do not know
how to use the genome

Science/Health "TheNaullerk Tipes

September 19, 2000

VITAL SIGNS

IN PRACTICE: Genetics: Blind Spot in Medical Training

T he explosion of kno:

ot be up to the task

Using Genomics to Predict

1 [Micraarmay 10 be ued s routine clinical screen

Alizadeh AA. Nature 403:503, 2000.
Nature Medicine 9:9.

e Patients with seemingly the same B-cell
lymphoma

e Looking at pattern of activated genes
helped discover two subsets of
lymphoma

® Big differences in survival

After microarrays comes wafers...

Chromosome 21 has 21 million base-pairs

Each 5 inch square wafers (Perlegen) hold 60
million probes

Can sequence an entire chromosome in one
experiment

Can sequence all SNPs within a human in 10 days
Each scan takes up around 10 terabytes

Take Home Points

Thousands of microarray results and tools
are available on the Internet; annotations
are harder to find.

Due to rapidly changing information, one
is never truly finished analyzing a
microarray data set.

Web-based discovery portals are usable
and empower investigators to integrate
across genomic data.




Microarrays for an Integrative Genomics

One of the first books on microarray analysis and
experimental design
Barnes and Noble, Borders, Amazon: US$32-40

[ THE USE AND ANALYSIS OF
MICROARRAY DATA

* Butte AJ. Nature Reviews Drug Discovery 2002,
1:651.

Use and Analysis of Microarray Data
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