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The Cell 

How 
does it 
work? 

How 
does it 
fail in 

disease? 



Computational 
Cell Map 

Cary MP et al. Pathway information… FEBS Lett. 2005 
Bader GD et al. Functional genomics and proteomicsTrends Cell Biol. 2003 

Map the cell 
•  Predict map from genome 
•  Active cell map 
•  Multiple perturbation 
mapping 
•  Map visualization and 
analysis software 

Read map to understand  
•  Cell processes 
•  Gene function 
•  Disease effects 
•  Map evolution 
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Multiple Perturbation Mapping 
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Our Black Box: Budding Yeast 
•  a.k.a. Baker’s Yeast, Brewer’s Yeast 
•  Saccharomyces cerevisiae (Fungi) 

– Greek “sugar mold” + Latin “of beer” 
•  >6000 genes (parts) 



Why Yeast? 

•  Simple system (single cell) 
•  Easy to work with in a lab 
•  >20% yeast genes in human genome 

– Similar core processes 
– Nobel prize 2001: cell growth and cancer 

•  Pathogenic yeast, anti-fungal drugs 
•  We farm it: bread, beer, wine 

– Fermentation: sugar  ethanol, CO2 



Mapping Yeast 

Yeast Cell 6000 Genes Growth 
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http://sequence-www.stanford.edu/group/yeast_deletion_project/deletions3.html 

Single Gene Deletions: 1000 Genes Essential 



Double Gene Deletions 
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Genetic Interactions 

Essential biological function 

Cell proliferation 
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Brenda Andrews 
and Charlie 
Boone, UofT 



Three Basic Types of Gene1c Interac1ons 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6000 Yeast Genes:  

1000 Essential Genes 
5000 Nonessential Genes 

•  Genetic Array ~ 5000 Viable Yeast Deletion Mutants 
  ~ 1000 conditional alleles of  essential genes 

•  Automated Genetics 

•  Examine 36 Million Double Mutants & Map GIs 
       

Large-scale Mapping of  Genetic 
Interactions in Yeast 

Brenda Andrews 
and Charlie 
Boone, UofT 



Synthetic Genetic Array (SGA) 

Tong et al, 2001 



First Genetic Interaction Network 

8 screens 
291 interactions 
204 genes Tong, 2001 



132 Screens  
4000 Interactions 
1000 Genes 

~100,000 Interactions/genome 

Large-Scale Genetic Interaction Network 

Tong, 2004 





Automated Yeast Genetics 
BioRad Colony Arrayer 

Amy Tong 

SGA ROBOTICS @ CCBR  

S&P ROBOTICS 
BIOMATRIX 

200 genome-wide screens/month 



Quan1ta1ve Gene1c Interac1ons from Double Mutant 
Colony Growth Modeling 

Model: double mutant 
colony size is 
mul1plica1ve in 
biological and 
experimental factors 

eCCCtffC ijijijijjiij ...)(batch)(comp)(posεα=

E.g. Plate Position 
Nutrient Competition 
Screen Batch 

Challenge:  Most of the variation in colony sizes is due to 
systematic experimental factors, which we can estimate and 
normalize out, not biological effects 

Experimental Factors 

Image analysis & processing 
Colony detec1on 

SGA output plate 



Fi+ng the Model: Deriving Precise Measures of Double 
and Single Mutant Fitness 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Spa
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 ~3 x 106 gene pairs tested 

At 95% confidence: 
~45,000 negative interactions 
~20,000 positive interactions 

More nega1ves 
than posi1ves 



Full genome SGA matrix 
994 x ~5000 



QuanBtaBve GeneBc InteracBon Data  
        Display Wall, Princeton 

Chad Myers  
Olga Troyanskaya 

Anastasia Baryshnikova




Full genome SGA matrix 
994 x ~5000 

Membrane 
Trafficking 



Full genome SGA matrix 
994 x ~5000 

DNA replica1on 
& repair 



Vacuolar 
ATPase 

Retrograde 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4000 nodes 
13,754 edges 

The cell map 



2068 nodes 
7400 edges 

Ribosomes 

Mitochondria 

DNA repair 

Cell cycle, 
chrom. segregation 

Nucleus localization 

Microtubules/mitosis 

Cell polarity 

Protein modification 

Secretion 

Peroxisomes 

Signaling 

Transcription, 
Chromatin  
modification 

RNA processing 

Chromatin remodelling 

The cell map 



System Level Map of Yeast 

Figure 2: part (a) 



Systems 
Level Map 

Edge Significance  
Z‐score > 10.0 



Systems Level Map of Yeast 



Genetic interactions with 
morphological profiling 

•   % unbudded, small, medium and large budded cells 
•    cell length, breadth, elliptical factor, area 
•    number of spindle pole bodies 
•    length, position, orientation of the spindle 
•    breadth of the budneck 
•    distance of the spindle from the budneck 
•    ... 

single mutants, bim1 & bni1 double mutants 

40 parameters per cell 
4,800-16,000 data points per mutant 
~1,000 statistical parameters per mutant 



Cell map exploration and analysis 

Databases 

Literature 

Expert knowledge 

Experimental Data 

Can we accurately predict 
genetic interactions? 

Pathway 
Information Pathway 

Analysis 
(Cytoscape) 



The Systems 
Biology Pyramid 

Cary, Bader, Sander, FEBS 
Letters 579 (2005) 1815-20 
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~290 Pathway 
Databases! 



BioPAX Pathway Language 
•  Represent: 

– Metabolic pathways 
– Signaling pathways 
– Protein-protein, molecular interactions 
– Gene regulatory pathways 
– Genetic interactions 

•  Community effort: pathway databases 
distribute pathway information in standard 
format 
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cPath Pathway Database Software 



Pathway Commons: A Public Library 

• Books: Pathways 
• Lingua Franca: BioPAX 

• Index: cPath pathway database software 
• Translators: translators to BioPAX 

http:pathwaycommons.org 



Network 
visualization 
and analysis 

UCSD, ISB, Agilent, 
MSKCC, Pasteur, 
UCSF 

http://cytoscape.org 

Pathway comparison 
Literature mining 
Gene Ontology analysis 
Active modules 
Complex detection 
Network motif search 



Challenges 
•  Data: Author entry systems 

–  From individual publications 
–  For pathways (review) 
–  Curator tools (advanced) 

•  Semantic integration (Identifier resolution) 
•  Visualization 

–  Pathway diagrams (SBGN) 
–  Automated layout 

•  Algorithms for compound graphs 
•  Linking discrete and dynamic representations 

–  Including use by modelers  



Where we want to be with 
cellular visualization… 

 CELL!!! 
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