Using a Gene Ontology Grid
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ABSTRACT

A new visualization technique, gene ontology grid, is
described in this paper. The gene ontology grid is
designed to allow biologists to visually analyze the
relationship between microarray gene expression data and
gene functions. The grid is generated using a gene
ontology dendrogram and a list of genes under study.
Using this technique, genes are clustered, based on their
expression values and biological functions, and can be
subsequently visualized side-by-side and analyzed for
meaningful patterns.
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1. INTRODUCTION

DNA Microarrays, also known as gene chips, provide an
effective tool for monitoring and profiling gene
expression patterns by measuring the expression levels of
thousands of genes simultaneously [2,6,8,20].
Microarrays are widely used to identify genes of
particular interest. For example, after studying the
expression patterns of 16,000 genes using Affymetrix
gene chips, Ramaswamy et al. [19] identified a gene
expression signature and 17 genes in cancer cells that
predict metastasis and early death.

To reveal patterns in large amount of gene expression data
from microarrays, biologists use clustering methods to
group genes with common features [18]. Among the
frequently used clustering methods are hierarchical
clustering [27], k-means [16] and self-organizing maps
[14].

Gene ontologies (GO) [23] are vocabularies that describe
the attributes of genes (for example, their biological
functions). Each term in the vocabularies is called a GO
term which represents a possible attribute value possessed
by one or more genes. Gene ontologies are relational in
the sense that GO terms are related and form a directed
acyclic graph. The Gene Ontology Consortium [24] is
creating three standard gene ontologies that describe the
associated biological processes, cellular components and
molecular functions for genes and their products (RNA or
protein products encoded by genes). GO annotations are
made to associate each gene or gene product with its
related GO terms. Those GO terms reflect the normal
function, process, and localization (component) of the
gene or gene product. Therefore, they are of great
importance in studying the behavior of the gene or gene
product.

Many visualization techniques have been developed for
visualizing gene expression data and gene ontologies.
Heat-maps, introduced by Eisen et al. [9] use coded colors
to display gene expression values so that genome-wide
expression patterns can be revealed. Yang et al. [28]
recently developed a 3D cluster display technique that
plots clusters in a divided 3D grid. Each cube in the 3D
grid contains one cluster of genes rendered as balls color-
coded according to their cluster numbers. Biologist can
interactively examine each cluster to find patterns. GO
terms are usually displayed as directed acyclic graphs



(DAGs) or trees (after simplification) with each node of a
DAG/tree showing the textual information of the terms [9,
23]. However, to make the textual information readable
on the screen, the number of nodes that can be displayed
simultaneously is limited. This type of display is usually
used to reveal details of the genes after a pattern has
already been identified. It is difficult to use such a display
to find patterns in genes.

Many of the clustering and visualization techniques have
been implemented in various gene analysis software.
Some of the software are commercially available, such as
GeneSpring [13], and many are free to the public [1-
5,7,10-12,17,21,25,26].

In this research, we developed a new visualization
technique: gene ontology grid (GOG). It represents GO
terms as compact color-coded rectangles. Thousands of
GO terms can be displayed on the screen simultaneously
with color-coded and clustered gene expression values
and optionally fold-change values. GOG can reveal what
GO terms are significantly represented in clusters of
genes.

In contrast to the textual-based presentation method, GOG
provides a more intuitive graphical presentation of the
correlations between gene expression and gene ontologies
for biologists to find meaningful patterns.

2. MATERIALS AND METHODS

We have developed a software system, GOVis, to
implement the GOG technique. The design and
implementation details of the system are outlined below.
The software will be freely available to the academic
users by the end of 2003 (www.cs.uakron.edu/~xiao/gog).

2.1 System Design

The GOVis software system is composed of three
components: data acquisition, data processing, and visual
presentation (Figure 1). These three components form a
visualization pipeline.

The data acquisition component imports gene expression
data and GO terms into the system and stores the
information in software objects. The data processing
component filters the data so that only the desired portion
of the data passes through for analysis. The selected data
is then clustered to reveal potentially meaningful patterns.
This component has a graphical user interface (GUI) that
allows users to interactively specify selection criteria for
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filtering and control parameters for clustering. The visual

presentation component generates the final image
graphically representing the processed data.
The image generated by the visual presentation

component consists of four main graphical objects as
shown in Figure 2: gene fold-change column (optional),
heat-map, GO dendrogram and GOG. The GO
dendrogram is a simplified tree structure based on the GO
terms defined by the Gene Ontology Consortium [24].
Each node of the tree corresponds to a biological function
of genes. The color of each node is coded differently
among neighboring nodes so that the node can be easily
identified. The gene fold-change column, heat-map, and
GOG are color-coded matrices. Rows of the matrices
represent individual genes. The column of gene fold
change shows the color-coded average fold-change values
of genes. The columns in the heat-map present individual
samples. The colors of the cells in the heat-map code the
gene expression intensity. The columns of GOG
correspond to the biological functions of the genes as
shown in the GO dendrogram above it. If a gene possesses
a certain function, the related cell will be coded with the
same color as the function node in the GO dendrogram. A
gene with multiple functions will have multiple cells
color-coded.
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Figure 1. GOVis Visualization Pipeline.



Rows of genes in the graphic image can be ordered by
average fold changes (Figure 2), by clusters generated
from clustering algorithms (Figure 3), or by their
biological functions (Figure 4). We note that a multiple-
function gene appears in multiple rows in Figure 4, once
for each functional group it is associated with.
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Figure 3. Clustered genes. Genes between two adjacent
separation lines belong to the same cluster.
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Figure 4. Genes grouped by functions.

Figure 2. Visualization of gene expression data and gene
functions using GOG: (1) gene fold-change column; (2) heat-
map; (3) GO dendrogram; (4) GOG.
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To effectively use the limited screen space to visualize
patterns, no detailed textual information (e.g. the names of
the genes and their functions) is displayed. But the
graphical display is made interactive so that such textual
information can be displayed as needed. We term this
method as DoD (details on demand). When a user right-
clicks on a cell in the expression matrix, the system
displays the textual information about the corresponding
gene in a pop-up box. A user can also right-click on a
node in the GO dendrogram to reveal the name of the
function that the node represents. When a user right-clicks
in a cell in the GOG, the textual information related to the
gene on the row and the name of the function
corresponding to the column are displayed (Figure 5).
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Figure 5. Details-on-Demand (DoD). When a grid cell in GOG
is right-clicked, a text box pops up to display the detail textual
information of the gene.

2.2 Software Implementation

The GOVis software system is implemented using the
JAVA programming language [22], which is platform-
independent. Software programs written in Java can run
on any platform that supports the Java Virtual Machine.

The GUI of GOVis is implemented using Java Swing and
Java Beans [22]. The DoD feature of GOVis is
implemented using the event-driven programming
paradigm, in which a mouse click is treated as an event
and the program routine that processes the mouse click is
coded as an event handler. The even handler displays
different detail information of the gene depending on the
location of the mouse click.

GOVis is a stand-alone software application and it
requires the sample data to reside on the same system to
be visualized. The advantage of this approach is that run-
time data acquisition can be relatively fast since the
program does not need to fetch the data across a network.



Users can upload data from other programs into GOVis as
long as the data exported from the other programs are first
adapted to the GOVis input file format.

3. TEST AND RESULTS

To test GOVis, we applied the system to a case study, in
which we visualize and analyze a set of microarray gene
expression data [15] of renal cell carcinoma (RCC). The
five samples in the data obtained from HuFL gene chips
(manufactured by Affymetrix) include one from the RCC
cell lines, two from pooled clear cell RCC tissues and two
from the pooled, patient-matched normal kidney tissues.

The GO data were acquired using GeneSpring software
from Silicon Genetics. The gene ontology annotations for
the gene chips are parsed by GeneSpring's "Build
Simplified Ontology” tool to group genes hierarchically
into meaningful biological categories based on the Gene
Ontology Consortium classifications [24]. The result is a
simplified GO tree.

The microarray data along with the GO tree data were
loaded into the system and filtered by their signal
intensity and fold change. Using the visualization system,
we observed that most of the genes with greater than or
equal to five fold changes in the functional group cell
adhesion are on the up-regulated pathway while the ones
in transport are on the down-regulated pathway. This
result agrees with the findings reported in [15]. Figure 2
displays a portion of the genes and their corresponding
biological functions on GOG. The genes were sorted by
the average fold change of the gene expression values of
RCC and normal kidney tissue.

Three clusters of genes obtained using the k-means
method [16] and their biological functions are shown in
Figure 3. As we can see, the second cluster includes a
group of down regulated genes involved in metabolism
and transport. This result demonstrates one of the unique
features of the visualization system — correlating the
clustering results based on the gene expression values
with biological functional groups.

4. CONCLUSIONS AND FUTURE WORK

The GOG visualization technique presented in this paper
displays the relationship between the expression values of
the genes and their functions. This technique allows us to
analyze and visualize the clusters of genes based on their
expression values and biological functions together. It
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provides a quick and intuitive way to detect useful
biological patterns and their potential meanings.

A case study of microarray gene expression data of renal
cell carcinoma was performed and the findings of the
visualization are consistent with the reported results [15].
In addition, some potentially meaningful patterns were
observed. Currently, the k-means clustering algorithm is
implemented. Future work will make other clustering
methods available in the software. In this first version,
GOVis uses a simplified GO structure and displays the
structure as a dendrogram. We are looking into ways to
import the general GO structure from the Gene Ontology
Consortium and to visualize it along with gene expression
data.
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