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Abstract. Widespread use of microarray technology that led to highly complex
datasets often is addressing similar or related biological questions. In translational
medicine research is often based on measurements that have been obtained at
different points in time. However, the researcher looks at them as a progression
over time. If a biological stimulus shows an effect on a particular gene that is
reversed over time, this would show, for instance, as a peak in the gene’s temporal
expression profile. Our program SPOT helps researchers find these patterns in
large sets of microarray data. We created the software tool using open-source
platforms and the Semantic Web tool Protégé-OWL.
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Introduction

Recent use of microarray technology has led to highly complex datasets often
addressing similar biological questions. The statistical methodology of meta-analysis
aims to combine results from independent but related studies and is used to potentially
extend confirmed results to other species or organs [1]. If the researcher is not
interested in confirmatory analysis but in exploring how temporal patterns discovered
in a reference study translate into similar studies, he can select interesting studies in an
analogous way [2].

Typically, for stimulus response studies a researcher obtains a fold change profile
and tries to retrieve similar profiles in microarray databases or clinical databases (that
more frequently include microarray data). Peaks in genes in temporal microarray
studies represent a biological effect that is reversed after some time. Assume the
researcher conducted a temporal microarray study where he/she discovered peaks in
certain genes. He/she now wants to see if finding the same effect in related studies can
extend his/her hypothesis. This is an example for the kind of research our tool can
support. We describe a web interface that allows the researcher to access time-series
micro-array datasets from the US National Center for Biotechnology Information Gene
Expression Omnibus (NCBI GEO). He/she then can search for the same discovered
genes in related temporal data sets and see if the same genes exhibit peaks in, for
instance, other tissues, drugs, or even species.
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1. Methodology

For stimulus response time-series microarray studies a researcher obtains a fold change
profile from the experiment. To retrieve similar profiles in microarray databases would
be easiest if the pattern of time points is identical or at least very similar to the original
experimental design, for example Oh, 2h, 4h, etc. In general, the pattern of time points
depends on the experiment itself and the particular hypothesis the experiment tries to
address. Some meta-analyses have used only the intersection of all time points or a
selection with only the data available at that particular time. This is most likely only
feasible if the studies are closely related.

For our exploratory approach, it is more realistic to look, for instance, for a

peak in the profile instead of correlating the entire profile. This can be accomplished by
using knowledge-based temporal abstraction [3], dynamic time warping or spline
interpolation approaches [4], where time-stamped data points are transformed into an
interval-based representation, or some statistical approaches [5].
We implemented these ideas by creating a platform SPOT (S - Protégé — OWL/SWRL
— Temporal Abstraction) [3] based on open-source software. It supports the R statistical
package (an open source implementation of the S statistical scripting language) and
knowledge representation standards (OWL, SWRL) using the Semantic Web tool
Protégé-OWL connecting to the user through a web interface.
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Figure 1. The SPOT Design.

2. System Description and Evaluation

The researcher (user) needs to perform the following steps using the web interface:
He/she selects interesting studies, currently only from NCBI GEO. Typically, a
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researcher will choose datasets from one microarray platform or related platforms, e.g.
Affymetrix. The system is very flexible and gives the user a variety of choices. The
system currently uses the temporal abstraction paradigm. This means that time pattern
is constructed from generic intervals with specific time properties, for instance,
“increasing”, “decreasing”, or “constant”. A peak can be described as an increasing
interval immediately followed by a decreasing interval using Allen’s interval algebra.

The user has to select training samples (genes and time-series) and within
those identify the intervals that allow the system to learn their properties and
automatically apply them to the entire database. Thus temporal patterns like, for
instance, peaks in fold changes of the expression data of a particular set of genes can be
found in the entire database. More complex patterns can be defined using the SWRL
language in the Protégé-OWL SWRL built-ins [6]. The program generates an initial set
OWL/SWRL rules from templates that can be modified by the user. The user also can
create customized rules within the Protégé software environment. The researcher (user)
can search for similar profiles in the database of the previously selected interesting
studies. He/she can interrupt the process any time and come back to it later.

The system is a multi-user system, where several researchers can work in
parallel. The tools we developed to support this process use the Protégé-OWL ontology
development toolkit (compare [3,6]). For a more sophisticated analysis the data can be
downloaded from the web site as a Protégé OWL file and analyzed locally in Protégé.
For testing purposes we used GEO GSE1001 [7] as the reference study. Furthermore, a
biologist has extensively evaluated the user interface and usability of the system by
systematically selecting temporal microarray studies from NCBI GEO with sufficient
number of time points. The necessary changes have been incorporated into the system.
The next step is the use of data from a new study from our partner institution Van
Andel Research Institute in Grand Rapids, MI, USA.
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