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ABSTRACT

Summary: J-Express is a Java application that allows
the user to analyze gene expression (microarray) data in
a flexible way giving access to multidimensional scaling,
clustering, and visualization methods in an integrated
manner. Specifically, J-Express includes implementations
of hierarchical clustering, k-means, principal component
analysis, and self-organizing maps. At present, it does not
include methods for comparing two or more experiments
for differentially expressed genes. The application is
completely portable and requires only that a Java runtime
environment 1.2 is installed on the system. Its efficiency
allows interactive clustering of thousands of expression
profiles on standard personal computers.

Availability: http://www.ii.uib.no/~bjarted/jexpress/
Contact: bjarted @ii.uib.no

Microarray experiments produce large amounts of numer-
ical data quantifying the (relative or absolute) expression
level of each gene in a number of conditions. This data
needs to be analyzed and visualized in order for it to help
uncover new biological knowledge (see e.g. Brazma and
Vilo, 2000). To help investigators explore their data, tools
integrating powerful analysis methods together with visu-
alization and interactive use are of paramount importance.
We developed the tool J-Express that fulfills these require-
ments and additionally it requires relatively modest hard-
ware resources and is completely portable.

J-Express presents a graphical user interface that inte-
grates a number of viewing capabilities (implemented as
different viewer windows), analysis methods that can be
applied to the full data set or a subset selected through one
of the viewers, and ways for importing and exporting data
and analysis results (Figure 1). Input data are loaded as
text files allowing different data delimiters (tab and space).
Once a data file has been loaded, its contents is presented
in a spreadsheet-like window that lets the user easily se-
lect the rows and columns containing gene identifiers and
expression values. Internally its identifier and a vector of
expression values represent each gene. The vectors can be

*To whom correspondence should be addressed.

subjected to one of the analysis methods and the results
visualized in different viewers where the identifiers (when
appropriate) are used to identify each gene.

The analysis tools include implementations of the stan-
dard hierarchical and k-mean clustering methods. The hi-
erarchical clustering includes options for single, complete
or average linkage and its output is a tree having the genes
as leaves and clusters of similar genes (as measured by
Euclidean distance between their expression vectors) as
sub-trees. Substantial effort has been invested to make the
clustering procedure fast and memory economical. A tree-
viewer similar to that used by Eisen et al. (1998) allows
the user to inspect the results. The viewer is interactive
and when the user clicks on an internal node, a gene graph
viewer shows the expression profiles of the genes in the
sub-tree below the clicked node. The k-means method pro-
duces k non-overlapping clusters (k is chosen by the user)
together containing the full gene set. The output is visual-
ized by an array of gene graphs and clicking one of these
will open a corresponding graph viewer.

An alternative to applying a clustering method to a
numerical multi-dimensional data set is to apply a multi-
dimensional scaling (MDS) method. This will make it
possible to visualize an overview of the data in two
or three dimensions. By transforming the data to a
lower dimension, most often some information will be
lost. An MDS method designed to keep as much of
the distance information as possible is the principal
component analysis (PCA) method. J-Express contains an
implementation of PCA and two viewers allowing the user
to view the data set in two or three dimensions. The tool
shows how much of the variability is captured by each
principal component and allows the user to choose which
components to use for viewing the data. Regions of the
2D plots can be selected and the genes contained viewed
in a gene graph or subjected to one of the other analysis
methods in J-Express.

An intermediate between clustering and multi-
dimensional scaling is provided by an implementation
of a self-organizing map (SOM). The SOM can be seen
as an intermediate in that it provides a grouping of the
genes and at the same time the groups are organized in
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Fig. 1. A screenshot of J-Express. The main window contains pull-down menus as well as shortcut buttons. From top left corner, clockwise
direction around the screenshot are shown: a tree viewer shows the result of a hierarchical clustering; a 3D view of a SOM displayed using a
PCA transformation; a summary result of the SOM showed as a panel of gene graph; a gene graph window; a 2D view of a SOM. For more

details, see the text and the web site.

the form of a grid (in our implementation). A special
feature of the SOM implementation in J-Express is that
it allows both the net and the data points to be visualized
during the training of the net using the PCA method. In
this way the user can get an impression of how well the
SOM captures the variability of the underlying data and
see how changing the parameters for the SOM algorithm
affects its behavior. The output of the SOM algorithm is
visualized in a similar way to that of k-means except that
for SOM output the topology of the SOM is maintained in
the layout of the viewer.

J-Express allows all plots and graphs to be saved as
.gif format image files, it also allows export of cluster
and tree descriptions. Furthermore, the gene graph viewer
allows the user to interactively define a profile (describing
allowed values for each component of an expression
vector) and scan this against the complete data set. The
profiles can also be saved to file and re-loaded.

In summary J-Express provides an integrated environ-
ment for exploration of gene expression data incorporating
powerful and complementary analysis methods and vi-
sualization functionality. The methods implemented
have been successfully applied to the analysis of gene
expression data (Eisen et al., 1998; Tavazoie et al., 1999;
Raychaudhuri et al., 2000; Tamayo et al., 1999). Future
work will include incorporating additional methods into

J-Express and investigating alternative visualization
methods capable of incorporating other gene specific (and
not necessarily quantitative) data.
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