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Abstract: In Post-Genome Fra, Functional Genomic becomes a major research field. Two-Dimensional
Electrophoresis (abbreviated as 2-DE) technique is a central technique for analyzing proteins. The final
process and goal of this technique is to compare different experimental data and construct a database for
querying. In this article, we present a query system, based on the R-Tree index technique, to support the
regional searching function. With the regional searching ability, researchers may reirieve all the 2-DE
images consisting of protein molecules in a given region. The process of the proposed system consists of
two phases, one for extracting the regional properties of proteing, the other for constructing the R-Tree.
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INTRODUCTION

The construction of DNA model, done by Watson
and Crick™ in 1953, starts the study of life. After
several decades, researchers had completed the
gsequencing of human genome. Since then, Fost-Genome
Era has become. In this era, proteomics or proteome
analysis plays an important role. Proteome analysis
concerns the separation, identification and quantitation
of proteins in biological samples, such as tissues or cells.
The purpose of the analysis is to reveal how the living cell
works and the function of geonome. Applications of the
proteome analysis are wide, including the development
of medicine and the monitoring of medical treatment.

Two-dimensional electrophoresis technique,
abbreviated as 2-DE, is one of the important tools in
proteome analysis. 2-DE converts the protein expression
patterns  into  two-dimensional digital images and
facilitate the proteome analysis. Mixed proteins are
separated due to the differences in electronic charges,
which make the proteins be separated along the X-axle
and their molecular weights along the Y-axle. Through
the proper staining process, the composition and
distribution of the proteins of a sample can be captured in
a digital image. Fig. 1 shows a sample 2-DE image.

The protein pattern differences shown on 2-DE
images may be very subtle and tedious to observe and
analysis by human beings. So, the digital image process
becomes a natural part of the proteome analysis. Most of
the researches related to digital image analysis of 2-DE
images focus on the segmentation of the images and
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Fig. 1: A sample 2-DE image

matching of corresponding protein spots®*'! Therefore,
the protein analysis is restricted on the spot
information. To analyze the information related a specific
region can be only done by manually. It costs tremendous
resource. Hence, in this article, we propose and
implement a query system, based on the R-Tree index
structure, to provide the ability of display all the
information of the protein spots located within a given
rectangle region.

This article is organized as follows. In this section,
we firstintroduced the relationship between the analysis
of 2-DE images and proteomics. We also state the
motivation of our study. In Section 2, we first briefly
introduce the R-Tree index structure and then delineate
the process of the proposed query system in detail.
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Then, experiment results will be shown in the third
section. Finally, we draw some concluding remarks and
future refinement of the proposed system in the last
section.

PROPOSED SYSTEM

The information of protein spots on 2-DE images can
be treated as spatial data. Each protein spot is equivalent
to an object in spatial data. Searching for all the objects in
an arca is a common operation for spatial data. To speed
up the searching, an index basad on the spatial locations
of objects are required. A. Guttman! proposed a dynamic
index structure for searching »n-dimensional spatial data
basad on the spatial locations of objects. The proposed
index structure facilitates the regional searching. In this
article, we employs the R-Tree index structure to construct
a query system for scarching the protein spot
information in a specific region on a 2-DE image.

Basically, an R-Tree is a height-balanced tree, which
is similar to a B-Tree*”. The spatial objects contained in
a spatial database are represented as a tuple and
each tuple has an unique identifier used to retrieve the
object. Each leaf node is of the form (1, tuple- identifier),
where I=(10; 12, ..., In-1) is a n-dimensional rectangle as
a bounding box of the spatial object indexed by the leaf
node. I1, 0 <=1 <= n - 1, 1s the closed bounded interval
along the i dimension. Each non-leaf node has the form
(1, child - pointer), where [ represents the bounding box of
all the areas covered by its children and child-pointer is
a list of addresses of its children. Fig. 2 gives a R-tree
example.

In the proposed system, we record the attributes of
a protein spot in a leaf node, instead of the tuple-
identifier. The attributes include the coordinate of the
bounding box of the protein spot, the size of the protein
spot, representing by the number of pixels and the
coordinate of the center point. Non-leaf nodes are the
same as in the R-tree.

For each 2-DE image, we first identify all the
protein spots. In this implementation, we simply use the
threshold of gray-level value to locate the region of a
protein spot. Then, we decide the bounding box for each
protein spot based on the method proposed in™. After
that, we create a R-tree for each image by using the
algorithms proposed infl.

Fig. 2: R-tree sample

EXPERIMENT RESULTS

We implemented the region query system for 2-DE
images in Java under Microsoft Windows XP on a Intel
based personal computer. To test the correctness and
performance of the proposed system, we randomly
collect 124 2-DE images from Internet as the testing
images. Then, we built the R-tree for each testing image,
where we set M and m as 3 and 2, respectively. Fig. 3
shows the protein spots, the areas circling by white lines,
of one of the testing image given in Fig. 1. The
rectangles corraspond to the non-leaf and leaf nodes of
the R-Tree are shown in Fig. 4.

In the experiment, all the testing images are 512*512
pixels. In average, it takes 4.3 seconds to build up a R-tree
for an image. And, searching the regional information of
one 2-DE image takes around only 1 second. So, we can
conclude that the proposed system is helpful for
extracting the protein spot information within a specific
area. Moreover, for more than 50 times queries, the system
correctly shows all the protein spots contained in the
query regions.

Fig. 3: Detected protein spots
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Fig. 4: Rectangles in R-tree
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CONCLUSION

In this study, we propose and implement a query
system to assist the analysis of regional mformation
contained in 2-DE images. In the proposed system, 2-DE
images are preprocessed. We store the attributes of
protein spots and their spatial locations by using R-tree
mdex structure. So, when a region mformation of 2-DE
images is searched, we perform the text-comparison. In the
past, several methods have been proposed to analyze the
mformation contained m 2-DE images, but all these
methods only provide spot information. Therefore,
whenever biologists need to get the information of
protein spots located in a region, instead of at a point,
they need to do it mamually. With the help of the
proposed system, it can be done efficiently.

Currently, we are working on the refinement of the
proposed system in two different directions. One is to
compare the performance and accuracy of using
different ways to bound proteimn spots, such as the convex
hulls and minimum bounding n - corner convexes. The
other is to investigate if there are other attributes which
can be stored in leaf nodes or aggregated in non-leaf
nodes, so as to provide more mformation for proteome
analysis.
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