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Today’s Topics

PRACTICAL EXERCISES CONTINUED
Three different views of the BRCAI gene

Discovering GEO, the Gene Expression Omnibus.
Pathway Resources for Systems Biology

Bioinformatics Links Directory, Conducting
Research on the Web

Let’s go to the Pub! ... and chat more informally
about what you’d like to do next with bioinformatics
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Two tasks

® What genes are on either side of BRCAI on
chr |77

® Can you figure out how to download the
genomic sequence for the BRCAI region?
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Two tasks

® Using GeneView, can you figure out how
many different alternatively spliced isoforms

exist for BRCA?

® Using ContigView, can you figure out how to
download the genomic sequence for the

BRCAI region?
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Two tasks

® Can you figure out how to LinkOut to the

OMIM and/or Homologene entries for
BRCAI?

® Can you figure out how to download the
genomic sequence for the BRCAI region!?
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Credits

e UCSC Genome Browser

http://genome.cse.ucsc.edu/

® Ensembl Genome Browser

http://www.ensembl.org/index.html

e NCBI MapViewer

http://www.ncbi.nlm.nih.gov/mapview/

index.html




Bioinformatics

Session 3.l - Discovering GEO, the Gene
Expression Omnibus.




Functional Genomics

® What kinds of questions can you ask with
microarray data?

s/basic research ‘/clinical diagnosis -
prognosis, diagnosis, &
s/drug target discovery disease classification
s/ biomarker discovery \/ gene regulatory networks
s/pharmacology & toxico- \/protein-DNA binding
genomics

‘/ + more

20
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Tagged or
incorporating

Ti 1
Tissue ortssue g, SSSSS_F
RrA
fluor
g T g
SS

Fluorescant intensities cOMA spotted on glass slide
scannad into computer or aligonuclectides bullt on slide

Figure | | Schematized experimental process using a microarray. Although the specific
protocols differ, the microarray approach first involves isolating RNA or messenger RNA from appropriate
biological samples, making the RNA (or a copy of it) fluorescent, hybridizing it to the microarray, washing off
the excess and scanning the microarray under laser light.

21 source: Butte, A Nature Reviews 2002




Different
Platforms

in situ oligonucleotide
single sample, absolute levels

spotted DNA/cDNA
two samples, relative levels

22




Microarray Experiment

® Design
® Collect

® Pre-Process Example = Normalization

® Analyze Examples = Distance measures, data
® Interpret classification, clustering, + more
® Submit Rate Limiting Step = What do

. hese resul lly mean?
e Publish these results actually mean

23




Public Microarray Data

® The Gene Expression Omnibus (GEO)
® repository/archive gene expression data

® data submitted by the research community in
fulfillment of journal requirements

® this public data represents an untapped
resource; potential discovery from existing
data sets is at your fingertips

24




GEO Database

Organized by:
Platform
Sample
Series/DataSet
Profile

25
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http://www.ncbi.nlm.nih.gov/geo/

I | Handout | NAR 2006 Paper | NAR 2002 Paper | FAQ | MIAME | Email GED
MCBI = GEO Mot logged in | Login

Gene Expression Omnibus: a gene expression/molecular abundance
repository supporting MIAME compliant data submissions, and a curated, | LU= 10]
online resource for gene expression data browsing, query and retrieval. GPL Platforms 4432

GEO navigation GSM Samples 202413

GSE Series 7960

| | | I c{a I Total 214805

[Gene proties ] | [eo
= Documentation

‘GED accession | | | M Overview | FAQ
Submission guide

GEO BLAST Linking & citing
Journal citations
Programmatic access
Platiorms DataSet clusters

GEO announce list
‘ Data disclaimer

GEO staff

‘Senes—/ Quew & Browse

Repository browser
Submitter contacts
SAGEmap

FTP site

|4{ Direct deposit / upda;e| ‘Crea:e new account | gsg E};ﬂléﬁets

Deposit & Update

26 Direct deposit
Web deposit

T

Lllata._-.ets H

% GEQ accessions —H

|aE|'.T!|':|SES

—‘ Web deposit / update |




Searching GEO

® Are you interested in a ® Are you looking for your
particular type of expt? favorite gene?
v/ GEO DataSets v/ GEO Profiles
)
|
L)

27




Data in GEO

>120,000 samples
>3.2 billion measurement

200+ organisms
from >2000 labs

freely available online
ftp downloads

28

Total holdings

o

o0 0000000000

o000

4]

Public Unreleased Total
Platforms 4407 355 4762
Samples 201401 45428 246829
Series 7883 1623 9506
Browse public holdings

® All contacts
® All platformes

in situ oligonucleotide (1260)
spotted oligonucleotide (1099)
spotted DNASCDMNA (1850)
antibody (5)

tissue (0)

M5 (10)

SARST (1)

MPSS (12)

RT-PCR (7)

oligonucleotide beads (50)
mixed spotted oligonucleotide/cDNA (&)
spotted protein (4)

SAGE (54)

® All samples

RMNA (167588)
genomic (30043)
protein (651)
SAGE (993)
mixed (913)

® All series




Find
experiment

Find
gene

Find
sequence

Ly

Query
Entrez GEO
DataSets

»

Query
Entrez GEO
Profiles

Perform
GEO
BLAST

Review experiment design and description

Access ‘Query group A vs B’ tool

% %

DataSet
Records

Profiles
Records

29

Access hierarchical and K-means clusters

Download value and annotation matrices

) o

Check DataSet value distribution

Link to submitter-supplied records

Review gene expression value profile charts

) o

See gene annotation and DataSet title

Link to other NCBI databases

) o

Link to sequence neighbors

Link to profile neighbors

) o

Link to homolog neighbors




® Find microarray experiments that look at the

An Example

expression of genes in cancer

; Query DataSet
F":'d » Entrez GEO
experiment DataSets Records
: Query .
find | »| Entrez GEO Profiles
Y Profiles Records

You can use these GEO data mining tools for quick
and easy identification of relevant & noteworthy data
sets. For serious analyses, you should download the
data and use a microarray data analysis software suite.
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> NCBI

HOME | SESRCH | SITE MAP

Handout

NAR 2006 Paper | NAR 2002 Paper | FAQ | MIAME | Email GED

NCEI > GEO

Gene Expression Omnibus: a gene expression/molecular abundance

repository supporting MIAME compliant data submissions, and a curated, Batlll=E1e]
online resource for gene expression data browsing, query and retrieval.

GEO navigation

11

——— DataSets [cancer jrEem

Gene profiles

[ e

GEOQ accession

=

———— GEQ BLAST

—— DataSets

Platforms

GEQD accessions

": Samples
|

Series

Not logged in | Login

GPL Platforms 4407
GSM Samples 201401
G5E Series JBE3
Total 213691

Site contents

Lciinu

Direct deposit / update

Create new account

Documentation

Overview | FAQ
Submission guide
Linking & citing
Journal citations
Programmatic access
DataSet clusters
GEOQ announce list
Data disclaimer

GEDQ staff

Query & Browse

Repository browser
Submitter contacts
SAGEmap

FTP site

GEQ Profiles

GEQ DataSets




CBI

T GED DataSels L

Pubed (Sanome

The GEO site
GEO FACH
List GEC Contents

Entrez
Help | FAQ

Search |GEO DataSets

Clear | Save

~| for cancer Go

| Limits | Preview/ Index r History r Clipboard ] Details |

>| show |20 ~|[Sendto ~

.-.—-\.: ' u .: '.I. z \
! All: 1885 ! DigasSets: 339 ! Flatforms: 206 | Series: 1340 m
Items 1 - 20 of 1885

| 1: GDS2926 record: Megakaryocytic differentiation: time course [Homo sapiens]

Display |5um ;Y

Ssummary:

Type:

Temporal analysis of phorbol ester-treated CHRF-288-11 megakaryoblastic
to undergo megakaryocytic (Mk) differentiation and primary Mk (PriMk) cel
cytokine-treated CD34+ peripheral blood cells. Results provide insight into
mechanisms underlying megakaryopoiesis.

Parent Platform: GPLEE7

Reference Series: GSEB914

gene expression array-based, log e ratio

Subsets: 4 agent, 2 cell line, 13 time sets.

Samples: 77
GSMBE7962: CHRF_Expt3_DMSO_4d_repl m
GSMB7963: CHRF_Expt3_DMSO_4d_rep2

GSME7SE3: CHRF_Exptd DMSO_4d_repl
GSMETSE4: CHRF_Exptd DMSO_7d_repl
G5MEYS61: CHRF_Expt3_DMSO_12d_repl
GSMBEYS70: CHRF_Expt3 PMA_1h repl

R E Buam+3 RLIA Tk eanS
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T GED DaaSels L

Fubhed huchaotide Frotein

|L’JED DataSets j for |cancer AND human[Organism] Preview Co Clear

|. Limits | Preview/Index | History | Clipboard [ Details |

+ Enter terms and click Preview to see only the number of search results.
» To save search indefinitely, click query # and select Save in My NCBIL
» To combine searches use #search, e.g.. #2 AND #3 or click query # for more options.

Search Most Recent Queries Time

#15 Search cancer AND human|Organism| 14:25:
#14 Search cancer 14:17:1
#13 Search all[filter] 13:08:00 13962

Add Termi(s) to Query or View Index:

« Enter a term in the text box: use the pull-down menu to specity a search tield.
» Click Preview to add terms to the query box and see the number of search results. or click Index to
view terms within a field.

A

| Organism jlhuman Preview | Index

Click AND | OR | NOT |to add a term to the query box
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Bl S Ge@ B@hg ._,;;L My NCBI g

[Sign In] [Reqister]

8583 FulMad hckeotide Frotedn 3enome LCiure FiNis Jowenadls 020200 Hooks
DataSets ~| for |cancerAND human[Organism] AND in situ oligonucleotide Preview | Go Clearl Save Search
| Limits | Preview/Index | History | Clipboard | Details |

« Enter terms and click Preview to see only the number of search results.
» To save search indefinitely, click query # and select Save in My NCBI.
» To combine searches use #search, e.g.. #2 AND #3 or click query # for more options.

ts Search Most Recent Queries Time Result
#16 Search cancer AND human|[Organism] AND in situ oligonucleotide| Platform Technology Type] 14:28:20  TIR
#15 Search cancer AND human|Organism| 14:27:47 1387
#14 Search cancer 14:17:14 18&5

Platform Technology Type :]I

All Fields mu“ Index:

Auth : r
mner px: use the pull-down menu to specify a search field.

g:tsacsr?(;tiTg:e s to the query box and see the number of search results. or click Index to view terms within a field.

Entry Type

Filter — : _

GEO Accession “ln situ oligonucleotide Preview | Index |
MeSH Terms add a term to the query box

Number of Platform Probes
Number of Samples
Organism

Platform Technology Type

!
!
!
!
|
!
Publication Date L How many “spotted DNA/cDNA”

Related Platform
Related Series 1 I ?
A experiments explore cancer in humans!
Sample Source

Sample Type

Sample Value Type B
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el T GED DalaSels 4___‘,4 T

[Sign In] [Eegister]

EO DataSers J for |cancer AND human[ﬂrgamsm] AND spotted DNA/cDNA[PI Go Clear I Save Search

| Limits |: Preview/Index | History | Glipboard | Details |

Display |5ummanf ~|  Show |ED 'i!EEf‘Id to -|

| All: 530 | DataSets: 60 | Platforms: 108 | Series: 361 %]

Items 1 - 20 of 530 Page ||1 of 27 Next

| 1: GDs2415 record@Breast carcinomas and local recurrence [Homo sapiens] GED Profiles, Links

Summary: Ammlysis of primary breast carcinoma tumors from 50 patients who received
breast-conserving therapy (BCT). 19 patients subsequently developed a local recurrence
of the carcinoma. 9 recurrent tumors also examined. Compared to mastectomy, BCT is
associated with a higher rate of local recurrence.

Parent Platform: GFL3558
Reference Series: GSE4913

Type: gene expression array-based, log2 ratio
Subsets: 2 disease state, 2 specimen sets.
Supplementary  pyy 4ownioad...

Files:

Samples: 55

GS5M110395: wsh 1428 m
G5M110396: wsb 1631
G5M1103597: wsh 1642
G5M110398: wsb 1694
G5M110399: wsb 565
G5M110400: wsb 575

FE R VAT o ssarbk A
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[Sign In] [Reqister]

B T CER DalaSets <

Sanomes Fhic J CAETEEET

ataSets ~| for IcancerAND human[Organism] AND spotted DNA/cDNA[PI Go Elear| Save Search
| Limits | Preview/index | History | Clipboard | Details |
Display |5ummar',a >| Show |2E] leend to =

All: 530 | DataSets: B0 # | Platforms: 109 Series: 361 |_‘$Ei
Items 1 - 20 of 60 Page ||1 of 3 Next

{1: CDS2415 record: Breast carcinomas and local recurrence [Homo sapFens]) GEOQ Profiles, Links

Summear; Analysis of primary breast carcinoma tumors from 50 patients who received
breast-conserving therapy (BCT). 19 patients subsequently developed a local recurrence
of the carcinoma. 9 recurrent tumors also examined. Compared to mastectomy, BCT is
associated with a higher rate of local recurrence.

Parent Platform: GPL3558
Reference Series: GS5E4913

Type: gene expression array-based, log2 ratio
Subsets: 2 disease state, 2 specimen sets.
Supplementary  1y1 download...

Files:

Samples: 59

G5M110396: wsb 1631
G5M110397: wsb 1642
GSM1103568: wsbh 1654
G5M110395: wsh 565
GSM110400: wsh 575

FEE R T AART 0 saamb AT

G5M110395: wsh 1428 m
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MCBI = GEQ > GDS

[ NAR 2006 Paper | NAR 2002 Paper | FAQ | MIAME | Emall GEO

Accession: GDS2415 = View Expression (GEO profiles)

Title: Breast carcinomas and local recurrence

DataSet type: gene expression array-based (RNA / spotted DNA/cDMNA)

Summary: Analysis of primary breast carcinoma tumers from 50 patients who received breast-conserving therapy (BCT).
19 patients subsequently developed a local recurrence of the carcinoma. 9 recurrent tumers also examined.
Compared to mastectomy, BCT is associated with a higher rate of local recurrence.

Platform: GPL3558: NKI-AVL Homo sapiens 18K cDNA microarray

Citations: Kreike B, Halfwerk H, Kristel P, Glas A et al. Gene expression profiles of primary breast carcinomas from

patients at high risk for local recurrence after breast-conserving therapy. Clin Cancer Res 2006 Oct

1;12(19):5705-12. PMID: 17020974

Sample organism:

Homeo sapiens

Platform organism:

Homo sapiens

Feature count: 19200 Value type: log2 ratic
Series: GSE4913 Series published: 09/24/2006
Last GDS update: |06/20/2007

Subset and Sample Info

Sample selection

)

check all

-

uncheck all

analysis

togale download
Find gene in this DataSet.. | | Go
4 assigned subsets Find genes differentially expressed between groups..
[ Two-tailed t-test (A vs B) ¢
Samples Type Description A 7 [ 0.050 significance level % B
= L I =Y Tl P T — —




Last GDS update: 06/20/2007

Subset and Sample Info

Sample selection Data
% Y n % Y r.ﬁ. 1
8 0 % ® N
check all uncheck all toggle download analysis
(-
Find gene in this DataSet.. brca I | Go |
J
4 assigned subsets Find genes differentially expressed between groups..
| Two-tailed t-test (A vs B) R
Samples Type Description A | 0.050 significance level | B
|+ (31) [ |disease state no tumor recurrence [ — [
[+ (28) disease state tumaor recurrence r — [w|
I+ (50) | specimen primary tumor [ — [
[+ (9) specimen recurrent turmor [ — ™
I* GDS2415 only I¥ ranks |¥ values | Query A vs. B |
| subset effects |

[* GSM110395 :wsh 1428 ¥ GSM110396 wsh 1631 ¥ GSM110397 :wsh 1642 [ GSM110398 :wsh 1534
sic 1: breast carcin oma sic 1 breast carzin oma ahc 1 breast carcinarma sh; 1: breast carcinarma
src 2 breast carcin oma s breast carcinoma s 2 breast carcinoma sic 2 breast carcinoma
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diseasze state

specimen

GDE24153 /1925 / FABPS

25 -
L] L]
[ ]
- n "
L]

] s i b i R s T Bt I BE i B 1o I il n Dt T R e R R el BE

LI O IO LU U D IO OO O L B |
[ ] » .
L [] - " oa L] LI | [ [ "

15 ] ] L] BN ] m = _u ¥ g ® ] L] ]
mlalalalae|s|(f|eel2=l=l=zl=l=sl=l=8|S|a|la|lala|lald|f(a|aa|lald|ea|la|e|la|Z|=|=lola(a|e(s|z|Z x| |F|ILR|Be|x(===F0]0]|0
(ol RO WO O O o PN o o ol B o o ol e o o o e ol o I o = o o o (P o ol e o - o ol = o e o AP o o - ol - o - ol o o B I R - o P ol o ol o o ol o o ol e o - ol PN o o ol o o o (PSS I o o e ol = o o ol e o o o -
clole|loje|elD|leleloleeleje|looleel|2|e|eee|ecleeleele|eleloetleleloeelelelelD|eeleeDlDleleeelelel@)2
=N = = = =0 B = =0 B B = = = = = =0 = P = = = = = = =N = =N =0 = = = = = = = = = = = = = = = P = = = = = = = = = = = - = =
wmlolo|le|lo|e|[R|w|lw|w|w|e|w|w|le|lo|lo|le|R|e|lw|w|w|e|w|D|w|e|w|o|lo|e|o|w|w|R|w|e|w|w|w|w|w|w|Q|w|n|w o@D e|we|n|w|w|we]w]e
glo|dg|s|o|o|C|S|s|d|s|d|s|d|s|s|S|s|C|s|s|o|as|lo|a|C|o|ls|a|s|lo|o|d|s|o|Y|s|a|(s|s|s|d|s|E|C|e|s|o|s|U|C|o|o|o|S|s]|o|o]|d

no turnor recurrence tumar recurrence
primary tumor recurrent tumar

= (dual channel) loge ratio
= percentile rank within the sample

® thumbnail image represents the abundance profile for an
individual gene across each Sample in a DataSet

® bars at the bottom of the chart represent experimental
subsets within the DataSet.

® Red bar: measured level of abundance

® Blue square: indication of where the expression of that gene
falls with respect to all other genes on that array
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Last GDS update: 06/20/2007

Subset and Sample Info

Sample selection Data
% Y u % Y !:.: 1
8 0 % ® N
check all uncheck all toggle download analysis
Find gene in this DataSet.. |fabp3| || Go |
4 assigned subsets Find genes differentially expressed between groups..
| Two-tailed t-test (A vs B) R
Samples Type Description A [ 0.050 significance level ~| B
|+ (31) [ |disease state no tumor recurrence [ — [
[+ (28) disease state tumaor recurrence r — [w|
I+ (50) | specimen primary tumor [ — [
[+ (9) specimen recurrent turmor [ — ™
I* GDS2415 only I¥ ranks |¥ values | Query A vs. B

| subset effects |

59 samples, order: none

[* GSM110395 :wsh 1428 ¥ GSM110396 wsh 1631 ¥ GSM110397 :wsh 1642 [ GSM110398 :wsh 1534
sic 1: breast carcin oma sic 1 breast carzin oma ahc 1 breast carcinarma sh; 1: breast carcinarma
src 2 breast carcin oma s breast carcinoma s 2 breast carcinoma sic 2 breast carcinoma
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Sign In] [Reqisier]

T B roles OO

les ~| for | Go | Ciear |
| Limis. | Preview ndax . His Loy | Lliptoard | Details
Display | Summary | Ehuwl 20 =| Sort by | Select ~|/sendta ~*| Download profile data | %
All: 2192 (%]

Items 1 - 20 of 2192 Page E] of 110 Next
[ 1: GDS2415 record | GPL3558 19198 [Homo sapiens] 59 samiples  Prilts Nsighton, Chramasoms Neighssn, Links
Annotation: SFRS2ZIP: Splicing factor, arginine/serine-rich 2, interacting protein J - P ‘I -'IL o

- .J-l J_L.
Reporter: H78241 |1|‘1]1'r s e il i
Experiment: Breast carcinomas and local recurrence, gens expression array-based, log2 ratio '
=
[ 2: GDS2415 record | GPL3558 19188 [Homo sapiens] 59 Samples  Profis Negrbors, Link
Annotation: yg20ell.51 Soares infant brain 1NIE Homao sapiens cDNA clone IMAGE:32609 3-, mRNA B P “ — O T
iyt
Reporter: R43734 0 R [F i e
Experiment: Breast carcinomas and local recurrence, gene expression array-based, log2 ratio =
[ 3: GDS2415 record | GPL3558 19184 [Homo saplens] 39 samples  Crvomosoms Negnoon, L
Annotation: LIPC: Lipase, hepatic _ h
Reporter: N68256 u]nlml]-qr“’]lmﬁlll_nir'ﬁqu 34
Experiment: Breast carcinomas and local recurrence, gene expression array-based, log2 ratio
[ 4: GDS2415 record | GPL3558 19172 [Homo sapiens] 50 samples Chomosoms Neighbor , Link
Annotation: SHMARCAL: SWI/SNF related, matrix associated, actin dependent regulator of chromatin, ... TR
Reporter: AAAQEE0D -1|-|f|Jr—“li‘I‘J]'1]JIILI].IJm]‘qqu-IPJﬁ
Experiment: Breast carcinomas and local recurrence, gene expreddion array-based, log2 ratio :

]




A vs B Query Tool

Take home message: GEO data analysis tools are great
for quick identification of interesting leads; you download the
data to carry out more robust statistical analyses

® Purpose: To help identify gene profiles that
display marked differences in expression level
between two subsets of experimental factors
(e.g. tissue, strain, time, dose, etc).

e Caveats: The "mean group A vs B" is
perhaps the most rudimentary means of
filtering data; t-test is well established but
comes with a set of basic assumptions.
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A Simple Test

® Student’s t-test

- Assumptions: Normality, equal variance

n r,'I-
. W S
; IL J
I- - ”IHHH{H' HIHI’H'J’FHHr ,: rs\
= J Y
2 2 - .
Srumur 1+ Snm‘mm"
frmor normal
My
- . - . |J J:\'lr""l.-
m; = mean expression value in class 1 AT,
! -l L
N. = number of examples in class 1 S0

s> = variance
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Using GEO for
differential

expression

||Accession: GDS2415

|| Title: Breast carcinomas and local recurence
|| DataSet type: gene expression amay-based (RNA / spotied DNA/CDNA)
|| Summary: Analysis of primary breast carcinoma fumors from 50 patients who received breasi-conserving therapy (BCT).

19 patients subsequently developed a local recumence of the carcinoma. @ recument tumors also examined
Compared to masiectomy, BCT is associated with a higher rate of local recumence

Platform: L35 NKI-AVL Homo

: Citations: Kroike B, Haltwerk H, Krsled P, Glas A ol al. Gene expression profiles of primary breas! carcinomas from
| patients at high risk for local recurence after breast-conserving therapy. Ciin Cancer Ries 2008 Oct
1;12{19):5705-12. PMID; 1702

||Sample organism: |Homao sapiens Platform organism: Homo sapiens
||Feature count: 18200 Value typeo: logZ ralio
||Series: SEAS Series published: 08/ 24/ 2006
||Last GDS update: |06/20/2007
[Subset and Sample Info

Sample selection Data

& O e

chack all wnehsck all toggle

download  analysis

Find gene in this DataSet.. I: Go

4 assigned subsets

Find genes differentially expressed between groups.[3

| Two-tailed t-test (A vs B)

i)

| Samples' Type Description

A J._, [ 0.050 significance level 2|

http://www.ncbi.nlm.nih.gov/projects/geo/gds/gds_browse.cgi?gds=2415
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GEO limitations

Differential expression can only be done for
“Datasets” (GDS™+%)

T-tests only

Very little control over parameters

Output is not that easy to use
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Be careful with p < 0.05

® |n the example, 2912 genes met p<0.05
® Thisis | 1% of the genes on the array

® Expect 5% by chance (this is what p < 0.05
means)

® Probably ~1/2 of the selected 2912 are false
positives

® This is the “multiple testing” problem
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e
Data
® W
download analysis
Download -
Data Types Find genes Qifferentially expressed between groups.. 7
Two-tailed t-test (A vs B) -
£ 0.050 significance level - 5
SOFT - text based Y
MiNiML* - xml based i

*MIAME Notation in Markup Language

all GEO data are available for bulk download:
ftp://ftp.ncbi.nih.gov/pub/geo/DATA




More Serious Tools

® f[ree

= R + Bioconductor

- TIGR MultiExperimentViewer (MeV)

® Commerical
- Genespring—ArrayAssist

- Rosetta Resolver
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Imaging. Diagnosis, Prognosis

Gene Expression Profiles of Primary Breast Carcinomas from
Patients at High Risk for Local Recurrence after

Breast-Conserving Therapy gen S Of i nterest

Bas Kreike,"” Hans Halfwerk. ™ Petra Kristal,”? Annuska Glas,® Hans Petarse,” FA B P3
Harry Bartelink,’ and Marc J. van deijwar®

Abstract FIJI'FHE! Sevaral risk factors lor local recurrence ol breast cancer altes DI\EEEI-CI'.'I!'I!.EH'I"IIH
therapy (BCT) have been ideniled. The dentification of additional risk lactiors would be wary
uselul in guiding optimal therapy and alse in improving understanding of the mechanisms
underlying local recurrence. We used cDMNA microarray analysis 1o identily gena expression
prodiles asgociated with bacal necumande
Exparimantal Design: Using 13K ¢ DNA microarrays, gene exprassion proliles sere oblained
Iram 50 patents who undaraent BCT Of thess 5O paLEnLs, 18 developed a local recunmance,
the remarning 31 pawenls were sebacled ag contnols as they were e of local reourrencs at least
1 years alter reatrment. Far 3 ol 19 patients, the local recurrence wias also avalable for gene
expregsion profiling. Unsupervised and supervised methods of classilicanan were used 1o
Saparate patients in groups cormesponding to disease outcorme and 1o study the overall gane
expression pattern of prrmary o and their rourrences,

Results: Hierarchical clustering of patens did nol shasw any grougng rellecting koaal recumense
Slatus. EupEr'.rIEI‘.'I.‘l -El'lﬁ|'|d.|3 rawagled ni !.Igl‘llfill'-ﬂl"l'l gel ol qeEnes Ihat was ablde 1o L‘|i5'|i|"|gui!|'l
recurring emors Trom nonrecwring wmors. Paired-data analysis of primary wumaes and local
recurrencas shaweed 8 remarkable sirmlanty n gens axpression prolile belwaen primary lurmors
ard their racurmencas,

Conclusions: Mo signiricam dillarences in HeEne axpression batweaan prirmarty breast
cancer Lamors m patents vath or withowt local recurrence afler BET weesre idenitdfied. Furthermare,
analyses ol pmary tumars and local recurrences show a preservation of the overall gene
EXArESENn DAL T the lecal rmeurrence, swan alter rﬂl.i'.'ll'lhl‘.'l'.ﬁ]l]'.

Bireas conserving therapy (BCT) has become the therapy of recurrence compared with masteciomy. A local recurrence re
choice for a large proporion of breast cancer patients. Several of 10% 0 10 years followup s generlly considersd as
rancomized controlled tmals have shown no ditference in dinicallty acceptable for ToaMoo breast cancers. However, local
survival mtes after BOT or mastectonmy for stage [ and 11 breast recurrende up o 30% have been reported in young patients
cancer (1 =41 Stodies comparing the psychologacal effecs of [7, B8]

BCT with mastectomy have shown that patients treated with Several risk factors For local recurrence after BET have been
T kad o haasae bl damaan cied cme s s L T T . [ PSS 1) [PPSR SR -
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Last GDS update: 06/20/2007

Subset and Sample Info

Sample selection Data
% Y u % Y !:.: 1
8 0 % ® N
check all uncheck all toggle download analysis
Find gene in this DataSet.. |fabp3| || Go |
4 assigned subsets Find genes differentially expressed between groups..
| Two-tailed t-test (A vs B) R
Samples Type Description A | 0.050 significance level | B
|+ (31) [ |disease state no tumor recurrence [ — [
[+ (28) disease state tumaor recurrence r — [w|
I+ (50) | specimen primary tumor [ — [
[+ (9) specimen recurrent turmor [ — ™
I* GDS2415 only I¥ ranks |¥ values | Query A vs. B |
| subset effects |

[* GSM110395 :wsh 1428 ¥ GSM110396 wsh 1631 ¥ GSM110397 :wsh 1642 [ GSM110398 :wsh 1534
sic 1: breast carcin oma sic 1 breast carzin oma ahc 1 breast carcinarma sh; 1: breast carcinarma
src 2 breast carcin oma s breast carcinoma s 2 breast carcinoma sic 2 breast carcinoma
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Ery b r e =

[Sign In] [Reqister]

GE@ pw{m @ﬁ My NCBI

iles ~| for ["CDS2415"[ACCN] fabp3 Go | Clear | Save Search
| Limits | Preview/index | Histary | clipboard | Details |
Displayl Summary | Shuwl 20 | Sort byl Subgroup effect ;” Sendto  ~| Download profile data | &
| All: 2 |§I
Items 1 - 2 of 2 One page.
I 1: GDS2415 record | GPL3558 1925 [Homo sapiens] 59 samples  Profiiz Neighbors , Chvomosome Neighbors , Links
Annotation: FABP3: Fatty acid binding protein 3, muscle and heart (mammary-derived T = o = =
growth inhib... L . : Il I| L_L
Reporter: AAD44307 |7Il‘I|r||[||ll'j|lr|||]|‘||l -."L_JJ \|I]] ]
Experiment: Breast carcinomas and local recurrence, gene expression array-based, log2 — =
ratio
I~ 2: GDS2415 record | GPL3558 11434 [Homo sapiens] 59 samples  Cwomosome Neghbors , Links
Annotation: FABP3: Fatty acid binding protein 3, muscle and heart {mammary-derived L — :
growth inhib... ['hJ' . T |J L
4 et e hed e e & €
Reporter: AA148548 ; l"!Llrj_ AR L P
Experiment:  Breast carcinomas and local recurrence, gene expression array-based, log2 | . == =
ratio
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ease state

specimen

GDS2415 41325 / FABP3

|TT|T|T'IIIII]I]ITT|TIIIT|T B I I [l

- - — - — - 100%
L ] L ] ™
L] [ ]
..................................................................................................................................................................................... N [
| | ™ "
I . |
......................................................................................................................................................................................................................................................................................................................................................... cn
| |
o e _m_ _ N L 1 m_m _l_-_J__.__-__I_l_ _]__I I__I_.____ N R

............................................... a5

GSM110395 m
GSM110396 (=
GSM110397
GSM110395 =
GSM110399 m
GSh110400
GSM110401Fm
G5M110406
GSM110407
GSk110409 m
G5M110410
GSM110413 [ m
GEM110414 (=
GSM110415 =
GSM110416 m
GEM110415 m
GEM110419 m
G5M110420 - =
GSM110421 1 m
GSh110423
G5M110424
GSM110425 m
GSM110427 =
GEM110425 m
GSM110430 m
GSM110431m
GEM110432 (=
G5M110434 m
G5M110435 (=
GSM110437
G5SM110435 m
G5M110385
G5M110392
GSh110394
GSM110402
GSM110411
GSk110412
GSM110417 (=
GSM110422 | m
GSM110426
GSh110429
G5M110433
G5M110436
GSh110440
GiSd1 10441
GSM110444
GSh110445
G5k 10446
G5M110449
GSM110451m
GiSk110391

G5M110439
GSM110442
GSM110443
GSh110447
GSM110445
GSM110450
GSh110452
G5M110453

no tumor recurrence tumor recurrence

primary tumor

recurrent tumaor

" (dual channel) logZ ratio
= percentile rank within the sample

=y b e

CED Vrofiles - DO

PubMed hucheotide

~| for ['GDS2415"[ACCN] fabp3 Clear | Save Search

| Limits | Preview/Index | History | Clipboard | Details |

My NCBI
[Slan In] [Reqister]

Display | Summary ~| Show|20  ~| Sort by | Subgroup effect »|/Sendto  ~¥| Download fofile data |\ &

All: 2 [

L%

Items 1 -2 of 2

r
An

Re

Experiment: Breast carcinomas and local recurrence, gene expression array-based, log2 =

One page.

1: GDS2415 record | GPL3558 1925 [Homo sapiens] 59 S-EmFﬁIES("-' & Maighbors , Chior

notation: FABPF3: Fatty acid binding protein 3, muscle and heart {mammary-derived
growth inhib...

porter: AAD44307 I'IF "rl]l]llrlllmllrrllw"nld.dd I]L.L:
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OC¥ J’IJ@M ad | [Sign In] lﬁcn-ﬂﬂﬂ!

=| for | Co | Clear [

Limits | Praviewlindex | History .: Ulipboard | Details |

Display | Summary ~| Show| 20 | Sort by | Select ~|[sendto  ~| Download profile data |
All: & —?::

Ttems 1 -6 of 6 One page.
[ 1: GDS2415 record | GPL3558 1925 [Homo sapiens] 59 samples  Profis heghbors, Chmmosomes Neighbars,
Annatation: FABP3: Fatty acid binding protein 3, muscle and heart (mammary-derived growth inhib... l T o ;

" 44307 ! ::,..1'! L.J.P:
Experiment: Breast carcinomas and local recurrence, gene expression array-based, log2 ratio e =
| 2: GDS2415 record | GPL3S58 13888 [Homo sapiens] 59 samples , Linis
Annotation: Transcribed locus, strongly similar to NP_066407.1 histone family, member B 1 T T J.
ool L)
Reporter: AID76718 ﬂl]}rrt*][wlpl"[lﬂr[frrtr"][i‘ -'
Experiment: Breast carcinomas and local recurrence, gene expression array-based, log2 ratio —— E—— '
[ 3: GDS2415 record | GPL3S58 2942 [Homo sapiens] 59 samples  Piofle Neghbons, Civomosnms Meigl
Annotation: HISTZHZBE: Histone cluster 2, H2be j s
Reparter: ARD10223 F'Lp_”iful\pwalmnrrrpjrnrj 1 1
Experiment: Breast carcinomas and local recurrence, gene expression array-based, log2 ratio ] S =
[ 4: GDS2415 record | GPL3558 757 [Homo sapiens] 50 samples  Pofde Megniors, Creomosoma Meightors, |
Annotation: HIST1HZBK: Histone cluster 1, H2bk S T A Al
™
Reporter: N71982 I.H"]HF[[P[WPI"T-.]IL.P ““]LLﬁi
Experiment: Breast carcinomas and local recurrence, gene Expresél%n array-based, log2 ratio e -
—




Profile Neighbors

Take home message: GEO data analysis tools are great
for quick identification of interesting leads; you download the
data to carry out more robust statistical analyses

® Connects groups of genes that have similar
expression profiles within a DataSet

- pre-computed

- calculated by Pearson correlation coefficients
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Other Features

® Cluster Heat Maps

- precomputed sample and
gene hierarchical cluster heat
maps provided

- different methods available;
can select, expand, download

e GEO BLAST

- retrieve gene expression
profiles by sequence
similarity
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GEQO, the gene
expression omnibus

® public repository of expression data from
many different experimental platforms

® Main uses
s/ search for experiments of interest

\/search for expression information about
gene of interest

® submit, search, analyses tools available

® data standards required MIAME, MiNiML
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Credits & References

® NCBI GEO: mining tens of millions of
expression profiles—database and tools
update. BarrettT, et al. Nucleic Acids Res. 35
(2007) D760-5. [PMID: 17099226]

® GEO: the Gene Expression Omnibus

http://www.ncbi.nlm.nih.gov/projects/geo/info/
GEOHandoutFinal.pdf

® Dr. Paul Pavlidis, UBC Bioinformatics Centre
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Session 3.2 - Pathway Resources for Systems Biology




Proteomics

® How large is the human proteome, anyway?

- o ™

ald™ D
Mot ' St e

[ ¥
M D N o Y K
— N

™ Dt o Dot b B NN AU L

Non Redundant Proteins

20,000-25,000

representative protein from every
gene locus

Variants

50,000-500,000

different proteins obtained by
splicing or proteolysis

Combinatorial Variants

>10,000,000

different proteins generated by
somatic DNA rearrangements

Protein Species

>100,000

proteins that differ in chemical
composition due to PTM

Protein Alleles

75,000-150,000

proteins that differ by genetic
variation (coding SNPs)

source: Uhlen M et al, Molecular & Cellular Proteomics (2005)

59




Cellular Pathways

e T 1

--------

o —
e ==t

-
P HLERE

T

® A striking similarity between intracellular
signaling pathways and the Tokyo subway
system
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Pathway Information

Databases
— Fully electronic
— Easily computer readable

Literature

— Increasingly electronic

— Human readable
Biologist’s brains

— Richest data source

— Limited bandwidth access
Experiments

— Basis for models
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http://www.pathguide.org/

T T T R R | PR R [ S e

POThg U Id €  the pathway resource list
P

Protein-Protein
Interactions

Metabolic Pathways
Signaling Pathways
Pathway Diagrams

Transcription Factors J
Gene Regulatory
Networks

Protein-Compound
Interactions

Genetlc Interaction
Networks

Protein Sequence
Focused

Other
Organisms
All +)

Avallabllity
All 3

Standards
Al =2

"r_ Reset Search

Statistics
Analyze Pathguide

Contact

Comments, Questions,
REnnnaetinne arn 4 hwave

Complete Listing of All Pathguide Resources

Pathguide contains information about 240 biological pathway resources.

Click on a link to go to the resource home page or ‘Details'fora
description page. Databases that are free and those supporting BioPAX,
CellML, PSI-MI or SBML standards are respectively indicated.

If vou know of a pathway resource that is not listed here, or have other
guestions or comments, please send us an e-mail.

Protein-Protein Interactions

Database Mame (Order alphabetically | by web popularity & )

3DID - 3D interacting domains

ABCdb - Archaea and Bacteria ABC transporter database

AFCS - Alliance for Cellular Signaling Molecule Pages Database
AllFuse - Functional Associations of Proteins in Complete Genomes
ASEdDb - Alanine Scanning Energetics Database

ASPD - Artificial Selected Proteins/Peptides Database

BID - Binding Interface Database

BIMD - Biomolecular Interaction Network Database

BioGRID - General Repository for Interaction Datasets

BRITE - Biomolecular Relations in Information Transmission and Expression

CA1Meuron - Pathways of the hippocampal CAT neuron
Cancer Cell Map - The Cancer Cell Map
CellCircuits - CellCircuits

Pt R L PP e T SO | P S T ERESOR_  ES
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Find it Easler
Many new search options are
available

Get the Stats
Detailed Pathguide resource
statistics now available

Pathguide Published
Please cite the Pathguide Publication

, r.

Full Record  Awailabilty Standanrds

Details
Details
Details
Details
Details
Details
Details
Detalls
Detalls
Detalls
Detalls
Details
Details
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Using Pathway Information

Accurate Pathway Model -
For Simulation o Databases

/" Literature
—. ' ggi

=]
Pathway
Information Expert knowledge
(BioPAX) Y]

Experimental Data
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Aim: Convenient Access to Pathway Information

http://www.pathwaycommons.org Pathwa y

Commons

community pathway databases

L3

T IntAct | Ciksanicn query % E%
=5 Open access | CeliDesigner ; _ﬂ

\ _j | GenMAPP inalyze
Virtual Cell ||

23
*E' 3 S add links
: molecular profiles
common language
ﬁ.' ‘ S ] _ genomes
PLUMAZ — __f:" =] Enzem

flaratura context

Facilitate creation and communication of pathway data
Aggregate pathway data in the public domain
Provide easy access for pathway analysis

Long term: Converge
to integrated cell map
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Using Pathway Information

Accurate Pathway Model

For Simulation / Databases

therature

Pa thway \Expert knnwledge

PEtWay -
Analysis Information i
(cyt05Cﬂpe) (C ell Map) A %

Experimentl Data
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Cytoscape - Network
Visualization and Analysis

-~
S

* Freely-available (open-source, java) software

» Visualizing biological networks (e.g.
molecular interaction networks)

* Analyzing networks with gene expression
profiles and other cell state data

UCSD, I1SB, Agilent, MSKCC, Pasteur, UCSF, UToronto
Other software: Osprey, BioLayout, VisANT, Navigator, PIMWalker, ProViz

oy

/1

http://cytoscape.org
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ana

uExtoscape Dexktng (iaw Session),,

F.Ie Edlt View Select Layout Plugins Help

CEECETY- ol a P m—c e

CyaPanel 1
—|- s -Network-+  Editor -

Erges

METeDd i ii:nu:e:'.
| 109 36205

Welcame to Cyioscape 2.4.0-b1

XaXs galFHlmq_.ilf
\ i
= s
RSNy
CytcPane 2 ‘ S

- Mode Attribute Browser ( galFiltered.sif )

BO8

EIEEY |

(2] gal [BGexp gal tRGsig galiAexp galdflsig pal&0Rexn P L]
YGLOOBC =0.352 1.0007E=5 =0.282 T 1AGGE-4 =0.573 12623
YCLDGTC 0,164 0.00312873 =0.085 011481 0301 0,002 7=
YTHL145W =0.764 3. E4BE=11 -U-ﬂﬂ 0. ﬂ-ﬂal- =1.237 1.19 lﬂ':

4 LE 135173 LS, AR - ?--:I‘:":"

bﬂnﬁm Edge Attribute Browser  Metwork Attribute Browser |

Right-click + drag to 200M Middle-chek + drag ta PAN

67




Pathway Graphs

Edge
Node
Node

® |n addition to describing the network
topology, nodes and edges can each have
their own attributes
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Visual Style

Customized views of experimental data in
a network context

Network has node and edge attributes
» E.g. expression data, interaction type, GO function

Mapped to visual attributes
« E.g. node/edge size, shape, colour...

E.g. Visualize gene expression data as
node colour gradient on the network
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Visual
Style

S

Load “Your Favorite Network” I

oo
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Visual (5
Style <

0,044

0.1%4

Load “Your Favorite Expression’)
Dataset

-0.074
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Visual
Style

Expression data mapped
to node colours




Systems Biology

® Goals:
\/ integrating diverse data types, pathways

\/cellular simulations

® Community approaches:

\/ pathguide, pathway commons, cytoscape

® Open data exchange key to success
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Credits & References

® Dr. Gary Bader, DCCBR, Uof T

slides/images used with permission

® Cary MP,Bader GD, Sander C “Pathway
Information for Systems Biology”, FEBS
Letters (2005)
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Bioinformatics Links
Directory

Finding online tools & resources for Life
Sciences research
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http://biocinformatics.ca/links _directory/

Bioinformatics Links Directory

The Bioinformatics Links Directory features curated links to molecular resources, tools and
databases. The links listed in this directory are selected on the basis of recommendations from

bioinformatics experts in the field. We also rely on input from our community of bioinformatics users

for suggestions. Starting in 2003, we have also started listing all links contained in the NAR

Webserver issue.

Search Directory |

Computer Related (84)

This category contains links to resources relating to
programming languages often used in bicinformatics.
Other tools of the trade, such as web development and
database resources, are also included here.

Education (75)

Links to information about the techniques, materials,
people, places, and events of the greater bioinformatics
community. Included are current news headlines,
literature sources, educational material and links to
bioinformatics courses and workshops.

Human Genome (128)

This section contains links to draft annotations of the
human genome in addition to resources for sequence
polymorphisms and genomics. Also included are links
related to ethical discussions surrounding the study of
the human genome.

Model Organisms (204)

Included in this category are links to resources for
varinus modal aroanisms ranainn from mammals to

DNA (441)

This category contains links to useful resources for DNA
sequence analyses such as tools for comparative
sequence analysis and sequence assembly. Links to
programs for sequence manipulation, primer design, and
sequence retrieval and submission are also listed here.

Expression (272)

Links to tools for predicting the expression, alternative
splicing, and regulation of a gene sequence are found
here. This section also contains links to databases,
methods, and analysis tools for protein expression,
SAGE, EST, and microarray data.

Literature (35)

Links to resources related to published literature,
including tools to search for articles and through
literature abstracts. Additional text mining resources,
open access resources, and literature goldmines are
also listed.

Other Molecules (15)

Bioinformatics tools related to molecules other than DMNA,
EMA_ and nrotein. This cateaarny will include resnurces

Main Page
Citations
Acknowledgements
News

Suggest URL

NAR Collaboration
RSS Feeds

Nucleic Acids
Research
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Conducting Research on the Web: 2007 Update for
the Bioinformatics Links Directory
Joanne A. Fox, Scott McMillan and B. F. Francis Quellette*

UBC Biginformatics Cantre (hitp2Ybicinformatics.ube.cal), University of Brtish Colembia, 2185 East Mall,

Vancouver, British Columbia, Canada, VET 124

Asceived May 18, 2007, Accepted May 22, 2007

ABSTRACT

The Bicinformatics Links Directory, htip/
bicinformatics.callinks directory, is an actively
maintained compilation of servers published in this
and previous issues of Nucleic Acids Research
issues together with many other uwseful tools,
databases and resources for life sciences research.
The 2007 update includes the 130 websites high-
lighted in the July 2007 Web Server issue of Nucleic
Acids Research and brings the total number of
servers listed in the Bioinformatics Links Directory
to just under 1200 links. In addition to the updated
content, the 2007 update of the Bioinformatics Links
Directory includes new features for improved
navigation, accessibility and open data exchange.
A complete listing of all links listed in this Nucleic
Acids Research 2007 Web Server issue can
be accessed online at, hitp:fbicinformatics.calf
links directory/marweb2007. The 2007 update of
the Biocinformatics Links Directory, which includes
the Web Server list and summaries is also available
online, at the Nucleic Acids Ressarch web site,
hitp:/mar.oupjournals.org.

COMMENMTARY

With the publication of the 2007 Nuclele Aclds Researcl
Web Scrver issue, we have a chance to reflect on how the
weh has transformed  the way we conduct  scientific

trusted directories, portals and wseful search engines io
keep up with the latest science. The Bioinformatics Links
Drircctory is one such directory that includes a compilation
of molecular biology servers, bioinformatics tools and
online resources for life sciences research.

The  Bioinformatics  Links  Directory,  hope
hioinformatics.ca/links_directory. is a listing of specialized
servers and general purpose resowrces that aims to help
scicntists navigate the rapidly changing landscape of
online research tools. Rescarchers can find relevant servers
using the straight forward keyword search or by navigat-
ing o the bhiolegical categories, where tools that do
similar tasks are grouped together. Each entry in the
Bioinformatics Links Directory is highlighted by provid-
ing a shon description for each link, listing relevant
Pubbled citations, and identifving links as  servers
from the Nuclede Aelds Researclt Web Server lssue. This
dircctory is designed to make it easy o connect informa-
tion together. Any rescarcher can assemble a comprehen-
aive listing of resources by downloading and importing the
R5S feeds, a format used 1o publish frequently updated
content thip:enwikipedia.org 'wiki/RS85). For example,
a rescarcher can import the BSS feed for a search of the
Bioinformatics Links Dircctory for “transcription factor
hinding site’ and publish it on her wiki alongside the feeds
from the "RMA. Structure Prediction, Visualization,
and Design” and the "Protein, Interactions, Pathways
and Enzyvimes” subcategories as a4 resource for the whole
rescarch laboratory interested in transcriptional regula-
tory mechanisms.

The 2007 update of the Bioinformatics Links Dhirectory
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Your Feedback is
Important!

navigate to:
bioteach.ubc.ca/bioinfo2008

Buorformatics Workshop

Workshop Evaluation:
Click Here to take survey
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Thanks for attending the
AMBL Bioinformatics
Workshop

® Questions?!? Please contact:

Dr. Joanne Fox
Michael Smith Laboratories
joanne(@msl.ubc.ca




