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Costanzo et al. The Genetic Landscape of a Cell. Science (2010) vol. 327 (5964) pp. 425

http://www.sciencemag.org/cgi/content/full/327/5964/425

Biological Network

Disease pleiotropy and network modularity

http://www.sciencemag.org/cgi/content/full/327/5964/425
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Construction of the diseasome bipartite 

network

PNAS | May 22, 2007 | vol. 104 | no. 21 | 8685-8690

The human disease network



Disease Gene Network



Example: Diabetes in the Human disease network
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Protein subcellular localization and Human diseases

Protein localization as a principal feature of the etiology and comorbidity of 

genetic diseases 



Relationships between disease-associated proteins and their subcellular localizations

Nature Mol Sys Biol. 2011



Correlation between disease classes and subcellular localizations

Nature Mol Sys Biol. 2011



Subcellular localization similarity of human diseases

Nature Mol Sys Biol. 2011

The implication of subcellular localization for disease comorbidity



The implication of subcellular localization for disease comorbidity

Nature Mol Sys Biol. 2011



Disease gene finding through subcellular localization

Construction of functional interaction networks through

consensus localization predictions of the human proteome.

> Protein localization information facilitates the identification of disease associated 
genes

Park et .al..J. Proteome Res., 2009, 8 (7), pp 3367–3376
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Human disease genes; fast or slow evolving ?

Suppl. Figure



Phenotypically similar disease classes share similar evolutionary history

Human disease genes have diverse evolutionary rates



Human disease genes have diverse evolutionary rates



Morphogenes and physiogenes enriched differently 
In various disease classes



Evolution connect genotype to phenotype

Evolutionary 
connections

Molecular connections

Phenotypic connections
: comorbidity

Molecular connections in the comorbid disease pairs
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http://www.brain.riken.jp

Evolution of brain
One of the biggest changes during evolution

Rewiring of PDZ domain-ligand interaction network 

contributed to eukaryotic evolution



mcb.ucdavis.edu

lilachrysikou.wordpress.com

sfu.ca

C. elegans brain Human brain

Increase of synaptic diversity (number of brain regions)

What is the molecular level explanation of neuronal development?



Rewiring of interactions

T. Yamada and P. Bork, Nat. Rev. Mol. Cell biol. 2009

* *

Interaction rewiring can reconfigure molecular systems without 
a gain or loss of gene.



PDZ protein interactions play important roles in the 
postsynaptic density (PSD)



Construction of human PDZ domain-ligand interaction network (PDZNet)

PLoS Genetics 2012



Human PDZNet

PLoS Genetics 2012



PWM can identify the known binders of PDZ domains

PLoS Genetics 2012



Binding scores correlate well with experimental affinities

PLoS Genetics 2012



Two evolutionary models describe the expansion of PDZ domain-
ligand interactions

PLoS Genetics 2012



Examples of a PDZ domain-ligand interaction created by sequence 
mutations

PLoS Genetics 2012



A point mutation generated a PDZ-binding motif in the C-terminal 
amino acids of the Macaca mulatta PBK protein.



A DNA segment insertion generated a PDZ-binding motif in the C-
terminal amino acids of the Oryzias latipes EXOC4 protein.



Rewiring of PDZ domain-ligand interactions plays an important role 
in the evolution of nervous systems in vertebrates.

PLoS Genetics 2012
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Increase of network complexity has a major 
impact on gene essentiality changes.

Complex relationship between genotype and phenotype

Mechanism of gene essentiality 



Gene essentiality often changes during evolution

• “Map2k1-/- embryos die at mid-gestation from abnormal development 
and hypovascularization of the placenta.” (Vickram Bissonauth, et al. 
Development 2006)

• “In the mouse, loss of Map2k1 function causes embryonic lethality.” 
(Valérie Nadeau, et al. Development 2009)

• “Adenosine–deaminase–deficient (Ada) mice die perinatally.” 
(Alexandra A.J. Migchielsen, et al. Nat. Genetics 1995)

Ada (nonessential in yeast but essential in mouse)

Map2k1   (nonessential in yeast but essential in mouse)

It is unclear how nonessential genes become essential in more complex organism



Increase in network connections and gene essentiality changes
between yeast and mouse



Comparison of network connections in various 
species



Network connections of Map2k1 in yeast, worm, chicken, and mouse



Protein complex membership and evolution of gene essentiality changes



N2E genes integrated into vital pathways via interaction rewiring

Old genes became essential by participating into vital pathways.



N2E genes often bridge functional modules and control information flow 
in the PPI network.

Haiyuan Yu, Mark Gerstein, Plos CB 2007
Degree in mouse PPI network



Centrality-lethality rule

• The most highly connected proteins in the cell are the most important for its 

survival.

• But the weak correlation has been a problem.
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No. of links

red, lethal; green, non-lethal; 

orange, slow growth; yellow, unknown
H. Jeong, S. P. Mason, A.-L. Barabási and Z. N. Oltvai

Nature 2001

controversy over the centrality-lethality rule



The C-L rule dramatically improved for the genes keeping their 
essentiality both in yeast and mouse


