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Links and modules in biological processes

Topologic overlap matrix In E. coli metabolic network
Ravasz et al., Science 2002

Biological processes may be described as 
functional networkfs such as protein-protein 
interaction network or metabolic network.
Elements connected by a link or belonging to 
a common module function coherently as a 
building block of the system’s function.   

Protein-protein interaction network In yeast
Jeong et al., Nature 2001



Human genome annotation for diseases

Some disorders are associated with gene 
mutation

EC 2.1.4.1

L-arginine + glycine
L-ornithine + guanidinoacetate

GATM

Creatine deficiency

Mental retardation
Language disorder
Epilepsy
…

S-Adenosyl-L-methionine + guanidinoacetate
S-Adenosyl-L-homocysteine + Creatine

AGAT deficiency

www.ncbi.nlm.nih.gov/omim



Genetic links of human diseases Diseases associated with a common gene’s 
mutation or a common module’s breakdown 
may be developed together in a patient

1286 diseases,  1534 links,   
Largest  connected component 875 
Clustering of the disease in the same class

Poor connectivity of metabolic diseases
217 metabolic diseases 
Largest component 6

Goh et al.,  PNAS 2007
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Human genome and metabolic network

25736 genes

959 full EC numbers for enzymes

1493 reactions

1258 compounds

www.genome.jp/kegg



Metabolic pathways and diseases

. . . . Glycerate-2P Phosphoenolpyruvate Pyruvate

[Glycolysis]

EC 2.7.1.40
pyruvate kinase

EC 4.2.1.11
Enolase
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Gene 1
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Enzyme 1

Enzyme 2

Metabolic reaction 1

Metabolic reaction 2

Metabolic compound 1
with its degree < 5 

Only the metabolic compounds with small degree are considered for constructing 
these metabolic links  since a perturbation of one reaction is not expected to affect 
‘hub’ compounds. The presented results  are, however, still valid even if we include 
All the metabolic compounds to construct the metabolic links. 

OMIM KEGG

Metabolomic links Connectivity of the metabolism is projected onto the 
gene space and disease space

A segment of a metabolic pathway: 
Adjacent reactionsDisease



Disease network
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264 diseases 714 metabolomic links
Largest connected component includes 118 diseases
Second largest one includes 50 diseases



Link distribution

Disease Class Degree
Hypertension, diastolic, resistance to Cardiovascular 25
Anemia, congenital dyserythropoietic, type I Hematological 18
Warfarin resistance Hematological 17
Hemolytic anemia due to adenylate kinase deficiency Hematological 15
Alzheimer disease-1, APP-related Neurological 14
Tolbutamide poor metabolizer Unclassified 14
Trifunctional protein deficiency, type 1 Metabolic 14
Coronary artery disease, autosomal dominant Cardiovascular 13
Diabetes mellitus Endocrine 13
HELLP syndrome, maternal, of pregnancy Metabolic 13
LCHAD deficiency Metabolic 13
Fatty liver, acute, of pregnancy Metabolic 13
Mucopolysaccharidosis Ih Metabolic 12
GM1-gangliosidosis Metabolic 12
Nucleoside phosphorylase deficiency, immunodeficiency due to Immunological 12
Myoneurogastrointestinal encephalomyopathy syndrome multiple 12
Virilization, maternal and fetal, from placental aromatase deficiency Developmental 11
Meningioma Cancer 11
Bannayan-Riley-Ruvalcaba syndrome Unclassified 11
Aromatase deficiency Metabolic 11
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Cf. Genetic links

Fraction of connected pairs



Coherence of the human genes connected by metabolomic links

We computed Gene-gene coexpression of  20655 genes in 36 normal tissues reported in  Ge et al. 
Genomics 2005 
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Cf.Yeast genes also exhibit such coherence along the metabolomic links
Kharchenko et al., Molecular systems biology, 2005



Comorbidity of human diseases connected by metabolomic links

Comorbidity : Co-occurrence of two or more disorders in an individual at a given time

Dataset
13,039,018 inpatients
32,341,348 visits from 1990 to 1993 
Up to 10 diseases diagnosed  for each visit
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Phi-correlation : a measure of comorbidity for a pair of diseases

= 1     if B=C=0
= -1    if A=D=0



We computed the phi-correlation for all genetic disorders we considered  using the disease dataset

Comorbidity of human diseases connected by metabolomic links
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Correlation of gene coexpression and comorbidity
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Pairs of connected diseases with high comorbidity and high co-expression
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Summary and outlook

Compiling the association of metabolic pathways and human diseases, we suggested a 
network of human diseases  connected by the metabolomic links.

Connected diseases are characterized by the high co-expression of their associated 
genes and the high comorbidity, validating the metabolomic links

Metabolic pathways can be annotated for  the diseases, which can be enriched by the 
comorbidity data and the gene co-expression.

Co-Sets: 
reactions the fluxes of which are coupled in the metabolic network
Recently Palsson group reconstructed human metabolic network including 
transport and exchange reactions

Case study:
Pathophysiology of metabolic diseases (Oltvai group, U. Pittsburgh)
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