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1 Introduction

It has become possible to monitor gene expressions comprehensively with the rapid progress of the
DNA microarray technique. Microarray data is useful for estimating the functions of a gene because
a set of genes is considered to have similar functions if the genes have similar gene expression profiles.
However, it is difficult to extract biologically meaningful data from such data. One promising approach
for browsing gene expression data is to map them onto genetic networks. It is a well-known fact that
genes interact with each other and form complex networks. Genetic networks are modeled as graphs
where a node represents a gene and an edge represents an interaction of the genes at the ends.
Estimating genetic networks using gene expression data is one of the most important tasks in the field
of bioinformatics.

There have been several related studies to visualize gene expression data onto metabolic networks,
such as KEGG (Kyoto Encyclopedia of Genes and Genomes) [2], ExPASy [1], and EcoCyc[3]. How-
ever, most studies only provide static images. Obviously, the cost of maintaining massive images of
metabolic networks is expensive, and it is also difficult to update the images based on the latest in-
formation. Although some studies support automatic graph drawing, their functionalities are limited;
that is, they only support one particular species or they cannot handle data based on multiple path-
ways. To cope with this problem, we have implemented a system that supports automatic drawing of
metabolic pathways. It allows us to visualize microarray data by overlaying gene expression statuses
without complex operations.

In this paper, we propose a system for visualizing DNA microarray data by mapping them onto
metabolic pathways. In our implementation, we employ SVG for drawing graphs to support dynamic
redrawing of metabolic networks. As a result, when we have a set of gene expression data, we can
quickly spot the distinctions among those data by browsing them contrastively.

2  Our Proposed System

We exploit the KEGG pathway data of Bacillus subtilis written in XML format. Specifically, KEGG’s
metabolic pathway data comprises a number of subnetworks, and to obtain a complete network as a
whole, we concatenate those subnetworks. We use SVG (Scalable Vector Graphics) for drawing the
complete metabolic pathways, which enable us to draw dynamic vector graphics in XML.

Next, we explain how to draw metabolic pathways: 1) We obtain the original pathway data from
the KEGG database; 2) we concatenate the pathway data, and convert it to the GraphViz format,
which is an open-source software for graph drawing; and 3) we draw a complete metabolic pathway
by GraphViz. Actually, we need to adjust some of GraphViz’s parameters to make its outputs more
readable.
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Figure 1: Operations of our system.

Next, we map gene expression data onto the metabolic pathways. Our system takes gene expression
data represented in XML as its input, and makes some modifications to the pathways by changing the
colors of the nodes that have positive (or negative) feedbacks. Such dynamic aspects of the graphs
are implemented using Javascript.

3 Implementation

Figure 1 shows an example of our proposed system’s user interface. A pathway map is displayed on the
left, and the console is on the right of the figure. A user can select the experiment that he/she would
like to browse by the list on the top of the console. The system than analyzes the experimental data
and displays the result. In addition, when placing the mouse cursor on a node, detailed information,
such as KEGG ID and metabolic name, are displayed in the textbox. When the user clicks the node,
a new window is created. If a user wants to monitor gene expressions on particular pathways, he/she
can select the pathways to be highlighted by the checkbox below.

4 Conclusions

We have proposed a system for visualizing DNA microarray data by mapping them onto metabolic
pathways. In the future, we plan to improve the placement of the nodes in generated metabolic
pathways. We also adapt to make our system to species other than Bacillus subtilis.
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