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Outline

• Phenotype
• Phenotypes in functional genomics

– analysis of epistasis

• Toward global-scale phenotypes
• Utility of global-scale phenotypes and 

systems biology
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Phenotype

The phenotype of an individual organism is either its 
total physical appearance and constitution or a specific 

manifestation of a trait, such as size, eye color, or 
behavior that varies between individuals.

en.wikipedia.org

Because phenotypes are much easier to observe than 
genotypes (it doesn't take chemistry or sequencing to 
determine a person's eye color), classical genetics 

uses phenotypes to deduce the functions of genes.

en.wikipedia.org

Gene Regulation Networks

Aggregation of D. discoideum
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Development Cycle of
Dictyostelium discoideum

Some movies, wild type

Dicty: Wild Type & Mutant

A full time course of wild type Dicty
development showing aggregation, slug 
migration and fruiting body formation. 

A full time course of a mutant 
(comC-) that aggregates with 
highly branched aggregation 

streams but fails to maintain the 
integrity of the aggregate.  The 
aggregates fall apart (individual 

cells seen leaving the aggregate). 
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Experimental Data

From Data to Networks
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From Data to Networks

Epistasis

From Wikipedia:

Epistasis is the masking of the phenotypic effects 
of one gene by alleles of another at another 
locus. A gene is epistatic when its presence 
suppresses the effect of the other gene. Epistatic 
genes are also known as inhibiting genes due to 
their effects on other genes which are described 
as hypostatic.
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From Data to Networks

From Data to Networks
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Reasoning Patterns
Epistasis
IF two different mutations (in genes A, B) result in 
two different phenotypes AND the phenotype of
the double gene mutation is identical to the
phenotype of the gene B mutation, THEN gene B is 
epistatic to gene A.

Influence
IF a mutation in a gene changes the phenotype 
relative to an otherwise identical strain, THEN the 
gene influences the biological process.

Parallelism
IF mutations in either gene have an effect on the 
biological process AND the phenotype of the double 
mutant is different from either mutation alone
THEN two genes are in parallel genetic paths 

Inference of Genetic Networks
genetic experiments

prior knowledge

pattern-based
inference

constraint
satisfaction

relations btw
genes and
outcomes

genetic network

Zupan et al. Bioinformatics 2003.
Juvan et al. Nucl Acids Res 2005.
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Genetic
Data

Genetic
Data

Genetic
Network
Genetic
Network

Network Synthesis

Explanation &
Experiment Planning

www.genepath.org

Zupan et al. Bioinformatics 2003.
Juvan et al. Nucl Acids Res 2005.

Systems Biology?
more data
(mutants)

increase measurement
resolution

global
phenotypes
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Phenotype

The phenotype of an individual organism is 
either its total physical appearance and 

constitution or a specific manifestation of 
a trait, such as size, eye color, or behavior 

that varies between individuals.

en.wikipedia.org

“New” Phenotypes

In whole genome studies typical of 
systems biology classical morphological 
phenotypes should be complemented 
with surrogates that can encode the 

state of the entire organism and provide 
increased resolution.
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Systems Biology?
more data
(mutants)

increase
measurement

resolution
use global
phenotypes

132 x 4.700 = 620.400132 x 4.700 = 620.400

more data

measurement
resolution

global
phenotypes
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more data

measurement
resolution

global
phenotypes

http://prophecy.lundberg.gu.se
Blomberg Lab
Göteborg University

Phenotype

The phenotype of an individual organism is 
either its total physical appearance and 

constitution or a specific manifestation of 
a trait, such as size, eye color, or behavior 

that varies between individuals.

en.wikipedia.org

more data

measurement
resolution

global
phenotypes
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more data

measurement
resolution

global
phenotypes

Transcriptional Phenotypes

genes

time

pufA
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Epistasis by 
Transcriptional Phenotypes

pufA- yakA- yakA- pufA-

Epistasis by 
Transcriptional Phenotypes

pufA yakA yakA pufA
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Epistasis by 
Transcriptional Phenotypes

pufA yakA yakA pufA
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Epistasis Analysis with 
Global Transcriptional 
Phenotypes
Van Driessche et al. 
Nat Genetics 2005.

more data

measurement
resolution

global
phenotypes
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Computational Approaches

• Distance-based methods
– Clustering
– MDS
– …

• Feature subset selection and construction
– unsupervised
– supervised (requires class labels, possibly with 

few class values)
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Gene-Coexpression Networks

endoplasmic reticulum correlation > 0.76

The non-aggregating mutants pufA-pkaC-, pkaC-, yakA- and acaA- formed a cluster, 
pufA- and yakA-pufA- which aggregate normally, clustered separately, and the other
clusters contained mutants with accelerated aggregation rates (the wild type was
placed in the center).

yakA

pkaC
acaA

pufA pkaC
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Computational Phenomics

• Global (e.g. transcription) 
phenotypes are raw

• Comprise large number of 
measurements

• They need to be computationally 
processed and characterized with a 
smaller set of informative and 
possibly intuitive feature

• We refer to procedures that use 
them as computational phenomics

Thanks to …

• Tomaz Curk
• Janez Demsar
• Peter Juvan
• Gregor Leban
• Minca Mramor
• Ales Erjavec
• Ivan Bratko

• Gadi Shaulsky
• Adam Kuspa
• Nancy Van Driessche
• Ezgi Okyay

AI Lab
Faculty of Comp & Info Sci
University of Ljubljana

Dep. Molecular & 
Human Genetics,
Baylor College
of Medicine
Houston, TX

• Uros Petrovic
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www.genepath.org

www.ailab.si/orange
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