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Key Results: Differential Ratio data mining was used to perform knowledge discovery within the 2-DE proteomics data,

incorporating the spatial and temporal components.

How does the work advance the state-of-the-art?: Development of data mining technique that performs automatic
discovery of interesting trends within large spatio-temporal data incorporating both spatial and temporal elements, and non-
spatial/temporal elements that describe the data. A measure is also introduced to evaluate and rank discoveries.

Motivation (problems addressed): Analysis of 2-DE proteomics data is presently undertaken manually since current
automated techniques are unable to identify interesting trends successfully, due to the inability to incorporate the spatial and
temporal elements. An automated knowledge discovery technique could prove very useful within important areas of

proteomics research and other spatio-temporal datasets.

Introduction

The development of data mining techniques to
efficiently and effectively analyse biomedical data is
an increasingly important area of research. One
such application area is that of proteomics, in which
two-dimensional  electrophoresis  (2-DE) s
unrivalled as a technique to analyse protein
expression [3, 4] and is a key component of current
proteomics research [1]. At present, analysis of 2-
DE gel biomedical data is normally conducted
manually which is both time consuming and requires
considerable expertise. To date, the use of data
mining to extract meaningful knowledge from such
data has seen very limited success. In this paper we
demonstrate the use of differential ratio data mining
to perform trend analysis in such proteomics data,
whilst incorporating the important spatial and
temporal elements of the data.

2-DE Gel Data

2-DE is an important and popular technique used
within the field of Proteomics. It is capable of
separating thousands of proteins according to their
electrical charge and molecular weight.  Such
experiments can create large amounts of high-
dimensional, spatio-temporal experimental data
making manual interpretation of results impractical
[2]. Current data analysis methods are unable to
handle and analyse such results meaningfully [5].
The data set used to perform these experiments
concerns the analysis of the proteome of
Methanococcus jannaschii, the first of its kind of
microorganism to have its genome sequenced. The

experiment was performed to identify any changes
occurring as it moved through the different phases of
growth. It was designed to produce a spatio-
temporal data set representing sampled points
spanning the entire growth curve; samples were
removed as the microorganism progressed through
these 10 intervals — giving data for 10 time points.

Differential Ratio Data Mining

The data described was analysed using differential
ratio data mining. The technique incorporates all
aspects of the spatio-temporal data and was used to
detect changes in proteins within the time series.
Such proteins were flagged as interesting and ranked
according to the amount they had altered. Such
alterations include  morphological variations,
absence/presence of proteins over time and spatial
variations.

Results and Discussion

We performed two sets of data mining experiments
to automatically extract interesting trends from the
biomedical data. The first was to investigate
correlation of events over time. This involved
calculating the total differential ratios for the data at
each time point and simply determining the points at
which the greatest variation occurred. This could be
used to identify areas of variation, and hence
interest, or could simply be used to confirm expected
theories. The second was to highlight specific
proteins which had altered over time and give a
measure of the magnitude of variation over time to
allow ranking.
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Results from the first differential ratio data mining
are shown in fig. 1 (variation is measured in
differential ratio). The results show that at time
points 2 (between time points 2 and 3) and 7
(between time points 7 and 8) we have the largest
variation in terms of total differential ratio. This 2-
DE experiment was designed to map three areas of
change, corresponding with periods of growth of the
microorganism. These are between 1-3, 4-6, 7-9 and
10. However, the data mining performed gives some
further, novel insight into the data by showing that
large areas of variance occur at other unexpected
time points. Experts point out that, such unexpected
points of variation within the proteome can be
characteristic of an organism ‘preparing’ for the
various stages of growth.
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Fig 1. Total Variation over time (dFr x 10%).

Results from the second experiment are illustrated in
fig. 2. This shows the protein spots with the highest
variance (in differential ratios) and at the time points
at which this occurred. For example, spot no 726
has high variance at time point 6.
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Fig 2. Ten protein spots with highest variation

Using a traditional, manual visual analysis of each
spot on the gel, it was confirmed that the data
mining results shown in fig. 2 were accurate. The
spots identified as having variation at the time points
specified were accurate.  Such variation was
identified visually as changes in physical attributes
(such as height), changes in volume and spatial
movements. The data mining results could then be
easily mapped back to the physical gel (shown in
fig.3) using the spot number allocated by the
imaging software, allowing the experts to analyse
such interesting spots using further experiments.

Fig. 3. 2-DE Gel and enlarged section of gel shown in 3-D

Conclusion

Analysis of 2-DE gels is an involving and
impractical task for an expert to undertake. We have
demonstrated the novel use of differential ratio data
mining to perform trend analysis on the complex
spatio-temporal data produced by such experiments.
The technique is able to identify time points of
maximum variance and individual spots with the
most variance at particular time points.
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