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 Scope of Research
Mechanisms of biological functions can be shown by pathways in biological networks, such as metabolic network, 

 signal transduction pathways and protein-protein interactions. We are interested in mining pathways related with 
 biological conditions, such as patients/normal, by not only using biological networks but also the data of showing genes/
proteins activities such as gene expression. Our approach is to develop new machine learning/data mining techniques for 
our interest, especially focusing on integrating different types of biological data including networks and graphs in biology.
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Mining Metabolic Pathways through Gene 
Expression

Metabolic networks are maps of chemical reaction 
pathways that are known to occur within a cell. The activity 
of each metabolic pathway is controlled by the activation 
and interaction between genetic pathways. For many or-
ganisms the reaction structure and genetic dependencies 
of metabolism have been identifi ed and are stored within 
the Kyoto Encyclopedia for Genes and Genomes (KEGG) 
database. The KEGG database reveals that metabolic 
networks  are large and highly complex. This size and 
complexity is suffi cient to hide the key genetic pathways 
which defi ne the response of the metabolic network to 
external  stimuli.

Pathways of coordinated gene expression determine 
which metabolic compounds can be synthesized, and thus 
can defi ne the function of metabolic networks. Additionally, 
microarray experiments have allowed researchers to mea-
sure gene expression under various experimental condi-
tions. Since their inception, bioinformatics methods have 
tried and combine microarray expression and metabolic 
networks to identify the pathways that drive an observed 
response. In this research we have developed a framework 
to identify the functional metabolic pathways within gene 
expression.

Our approach is a combination of probabilistic models 
for pathway ranking, clustering and classifi cation and is 
freely available as an R package: PathRanker.

PathRanker fi rst employs a non-parametric pathway
extraction method to identify the most highly correlated 
paths through the metabolic network. Figure 1 presents an
image the top 1000 pathways for yeast in stationary phase
compared with control observations. In Figure 1 each row
is a pathway and each column is a gene. The left plots
show the probability and p-value of each path, and the
bottom bar plot displays the probability of a gene over all
paths. Clearly visible in Figure 1 is a block of pathways
defi nes yeast's stationary phase.

PathRanker can then extract the defining structurer
within the top ranked pathways using Markov clustering
and classifi cation algorithms. The result of 3M Markov
clustering is presented in Figure 2. The pathways in
 Figure 2 summarize 93% of yeast's stationary phase
pathways . The analysis of these identifi ed pathways can
be performed at multiple resolutions including interacting
genes, reactions, compounds and pathways (Figure 2). We
also confi rm the importance of these pathways from a
 biological perspective.

Finally we would like to emphasize that integrating
probabilistic path ranking with clustering or classifi cation
is a reasonable combination in terms of machine learning,
because path ranking generates tons of pathways which
might be redundant because of the complex nature of 
metabolic  networks while a large number of pathways can
be summarized by clustering or classifi cation.

Figure 1.

Figure 2.




