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Ontario Genomics Innovation Centre
http://www.ottawagenomecenter.ca/

• Created in 2002 within the Ottawa Health Research 
Institute with the support of Genome Canada and the 
Ontario Genomics Institute. 

• Mission: accomplish large-scale and technological 
projects in the field of genomics

• The Stem Cell Genomics Project is our first project.



• Canadian not-for-profit corporation; invest in Stem Cell 
Research; 65+ scientists, clinicians, engineers, and 
ethicists.

http://www.stemcellnetwork.ca/

– I. Ethical, Legal, Social, and Policy Issues
– II. Biology of Stem Cells
– III. Bioengineering of Stem Cells
– IV. Clinical Applications

http://www.stemcellnetwork.ca/index.en.php
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• Stem Cell Plasticity 
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• HOXB4 Target-Genes Specifying Hematopoietic
Stem Cell Self-Renewal
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The Stem Cell Genomics project

• Objective: acquire a complete understanding of the 
genetic factors that:

specify stem cell identity and function; and
regulate commitment and differentiation

• Rationale:
Stem cells play an essential role in the human body as they 
provide the starting material for every organ and tissue
Knowledge of regulatory genes acting in and on stem cells is 
necessary to exploit their full therapeutic potential
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Microarray analysis
(Affymetrix GeneChip)

• Objective: 250 preparations of stem cells and their 
downstream derivatives (March ’04 - 112)

• Identify common patterns of expression among 
different stem cell types

• Identify genes that:
Maintain cells “stemness” (proliferative, multipotent)
Help drive differentiation into more specialized cell types

• Identify preparations that are most homogeneous and 
suitable for SAGE analysis



Sample Contributors

• Jane Aubin
• Mick Bhatia
• John Dick
• Jacques Galipeau
• Alain Garnier
• Marina Gertsentein
• John Hassell
• Keith Humphries
• Norman Iscove
• Michael McBurney

• Lynn Megeney
• James Piret
• Derrick Rancourt
• Janet Rossant
• Michael Rudnicki
• Luc Sabourin
• JP Tremblay
• T. Michael Underhill
• Valery Wallace
• Peter Zandstra
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Sample submissions by species

Human, 
31

Mouse, 
78

Rat, 3



Sample distribution by tissue type
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Serial Analysis of 
Gene Expression 
(SAGE)

• Objective: Construct and analyze 20 SAGE 
libraries. March ‘04 – 4 libraries completed

• Perform gene expression analysis at the level 
of five mRNA copies per cell

• Facilitate the discovery of novel genes 



Bioinformatics

• Organization of results in a database 
StemBase 

• Study of the microarray, SAGE, and 
proteomics data using different tools and 
techniques.



StemBase



StemBase

Single database incorporating data from all 
platforms

Give access to raw data
Offer browsing and querying of data
Allow some level of analysis
Links to other databases
Web access to StemBase open to SCN researchers 
since February ’04. Public opening April ’04
http://www.ottawagenomecenter.ca:8080/StemBase
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Microarray data schema
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Comparing Samples



Gene in one sample:
Present or Absent?

Gene X

Replicates
PPP
PAP

MPP

#P 7 > #A 1

#P > 50%

P

probe
probe

probe

MOE430A

MOE430B



Gene in one sample:
Present or Absent?

Gene Y

Replicates
AMP
MMP #P 2 > #A 1

probe
probe

MOE430A

MOE430B
#P < 50%

?



MOE430A+B
Total genes:19867

Adipose tissue

Brain (embryonic[E14] striata)

Dermis

233

551

134

94

166

402

2565

Absent genes : 12006
Unclassified genes (?): 3812 Grenier & Rudnicki



MOE430A+B
Total genes:19867
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Brain (embryonic[E14] striata)
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233

551
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166

402

2565

Absent genes : 12006
Unclassified genes (?): 3812

fatty acid binding protein 7, 
brain

oligodendrocyte
transcription factor 1

monocyte to macrophage 
differentiation-associated 2

myelin basic protein

discoidin domain receptor 
family, member 1

keratin complex 2, 
basic, gene 6b

small proline-rich 
protein 1A

keratin complex 2, 
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keratin complex 1, 
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Grenier & Rudnicki



Brain / Adipose / Dermis

2565



Brain / Adipose / Dermis

C2C12 
Myoblasts

341

2186

2224



SC 
Housekeeping 

38+
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25
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SC 
Housekeeping 

38+
-

+Brain / Adipose / Dermis

C2C12 
Myoblasts -

256

Kdr: kinase domain receptor, also known as VEGF (Vascular 

endothelial growth factor) receptor-2

Egf: epidermal growth factor
Ephb1: tyrosine kinase receptor

Gapd: glyceraldehyde 3-phosphate dehydrogenase?



Time Series



Time series analysis: differentiation of mouse 
V6.5 ES 

Biggs & Rudnicki

Time series: observations are not independent.

Bayesian clustering by dynamics (BCD)

Ramoni et al., 2002

• Logs of expression ratio to the starting point

• “Stemness” genes would be increasingly down-regulated



Time series analysis: differentiation of mouse 
V6.5 ES 

Biggs & Rudnicki

moe430a
moe430b



moe430a

moe430b

Rex-1 (Zfp42) known to be expressed at high levels in embryonic stem
(ES) and F9 teratocarcinoma cells.

*



Looking at everything
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Genetic Networks



samples

X 1 -1 -1 -1 1

Y 1 1 1 -1 1
Gene expression values

Perez-Iratxeta et al., (2001)

association values

X

Y

part of a network XY





15-20 times



Sample 97 98 99 100 102 199 113 114 115 116 117 118 119 134 141 202 135

Cubn -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1

Inpp5d -1 -1 -1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 -1 1 -1

Prg -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1

Amn -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1

124 125 126 127 128 129 140 158 159 160 165 166 167 168 169 170 171 172 173 174 175 177 178

1 1 -1 1 1 -1 -1 -1 -1 -1 0 1 1 1 1 1 1 1 1 1 1 -1 -1

1 1 0 0 1 0 -1 -1 -1 -1 1 1 1 1 1 1 1 1 1 1 1 -1 -1

1 1 -1 1 1 -1 -1 -1 1 -1 1 1 1 1 1 1 1 1 1 1 1 -1 -1

-1 1 -1 1 1 -1 -1 -1 -1 -1 1 1 1 1 1 1 1 1 1 1 1 -1 -1

Cubn. intrinsic factor-vitamin B12 receptor (cubilin)

Prg. membrane-associated lipid phosphate phosphatase, 
plasticity-related gene 1

Amn. The amnionless gene encodes a type I transmembrane protein that is 
expressed in the extraembryonic visceral layer during gastrulation

Inpp5d. Aka SHIP 145-kDa hemopoietic-restricted SH2-containing 
inositol 5'- phosphatase / role in cytokine-induced signaling

March ’04 / The functional cobalamin (vitamin B12)-intrinsic factor receptor 
is a novel complex of cubilin and amnionless.
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25-39 only TFs



Complementing the data



SAGE analysis status (March ’04)

SAGE MICROARRAY
CONTRIBUTOR 
LABORATORY

ES R1 embryonic stem cells. Mouse timepoint 0 for the R1 differentiation timecourse Michael Rudnicki

Michael Rudnicki

Janet Rossant

Luc Sabourin

Exp ID 165 Sample ID 165
EB R1 differentiating into Embryoid
Bodies (9d). Mouse timepoint 9d for the R1 differentiation timecourse

Exp ID 165 Sample ID 174
TS R1 differentiated into 
Trophectoderm stem cells. Mouse

GFP-Exe Trophoblast stem cells (WT+GFP 
transgene)

Tissue Extraembryonic ectoderm

Exp ID 11 Sample ID 14
NS Neural Stem Cells. Embyonic
(13.5d). Mouse Exp ID 22 Sample ID 23



SAGE analysis status (March ’04)

all unidentified

2756 567 

405

118

268 

8

2287

588

1463

182

Found only in ES:

Found only in EB:

Found only in TS:

Found only in NS:

Found in ES, TS and NS, but not in EB:

On tags appearing at least  (10-15%)



Next steps
Integration of SAGE and proteomics data

Data mining
Stem Cells (MeSH term and 16 children)
101,338  papers from +11,000,000 in MEDLINE

Use of GO terms

Development of a Cell Ontology
Import microarray data
Point to samples needed

Identify SC bibliography / markers

Microarray data normalization / benchmarking



Enrique Muro 
Gareth Palidwor
Christopher Porter
Carolina Perez-Iratxeta
Neal Sanche
Brian Suomela
Miguel Andrade

Doug Borris
Karine Fayad
Julie Fortin
Kathy Sheikheleslamy
Caroline Vergette
Junnan Xia
Pearl Campbell

Guillaume Grenier
Nancy Biggs
Jeff Ishibashi
Michael Rudnicki

Stem Cell Network

Lynn Megeney
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