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Abstract: In the proposed context-based refrieval technique, a 2-DGE image is filtered out for noises and
unobvious protein spots using a threshold. The significant protein spots on the filtered 2-DGE images will then
be indexed and confined within their block properties which will all be stored in the 2D GE database for query
purposes. Queries could be made by refrieving a 2-DGE image and marking one or multiple protein blocks where
specific searches could be made to retrieve the required information. The process to create the 2-DGE database
is simple and the search is quick. The proposed technique will be helpful to biologists with needs for

unrestricted access to a 2-DGE image database.
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INTRODUCTION

In proteomics informatics, proteins in cells are
isolated using the 2-D Gel Electrophoresis (2-DGE)
technique™. These gels can easily become moldy at room
temperature (including air conditioning) and must be kept
refrigerated. For a biologist, this is cumbersome since any
laboratory test would require the gel samples to be out of
refrigeration. Digitizing the 2-D gel and its protein
contents would allow a biologist to have free unrestricted
access and for longer periods of time™). However, to
accurately identify and track the protein information can
be a very difficult but not impossible task.

Analysis tools such as Melanie &, Z3% and Image
Master 2D™ had been used to analyze the 2-DGE images.
However, keeping tracking of these 2-DGE images can be
overwhelming and difficult. Chang e al.,™ proposed a 2D
string technique to frack protein spots based on each
spot’s spatial location relative to the spatial locations of
its neighboring protein spots. Explicit information must be
stored for all the coordinate locations and their
relationships. Other spatial techniques include the
enhanced versions for the 2D siring such as the 2D
C-string™, 2D G-string®! and 2D B-string™. Another
technique, the 2D R-tree™ was based on the size and
locations of the 2-DGE image. Similar to the 2D string, all
these techniques are burdened with storage requirements
to upkeep the information on the relative spatial locations

of the individual protein spots and their neighbors.

For this study, a simple and novel context-based
retrieval technique iz proposed to create a 2-DGE search
database. Filtered versions of the 2-DGE images and the
defined block properties of the protein spots will be
stored in the database for queries. Searches could be
made by marking one or muliiple protein blocks on a
2-DGE image and using the block properties as the
search criteria.

THE PROPOSED CONTEXT-BASED
RETRIEVAL TECHNIQUE

The proposed context retrieval technique can be
divided into two parts. The first part is to record related
information of each protein spot such asthe coordinate

Fig. 1: Flow for the proposed technique Creating
the 2-DGE database
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(a) Before filtering
Fig. 2: The pixel values before and after filtering

location of the protein spot and its size based on the two
extreme coordinate locations defining a diagonal to the
block kernel for the protein spot and the center point.

The second part is to create a query interface where a
2-DGE image could be loaded and one or multiple protein
blocks, selectively marked for query purposes. The flow
for the proposed technique is as shown in Fig. 1.

Filtering out unobvious protein spots and noises:
Information on the 2-DGE image like the color depth, size
and position of a protein spot are considered as the basis
for identification. First, unobvious (or undesired) protein
spots and noises will be filtered off the image. The filtered
2-DGE image with the obvious protein spots will then be
stored in the database. Filtering is done by setting those
regions to be filtered out to 255. The regions to filter out
depends on a criteria set for a threshold value. Figure 2
illustrates an example to filter out the unobvious protein
spots and the noises for a gray-level 2-DGE with pixel
values between 0-255. In the example, the threshold value
is set at 100 so that any pixel value greater or equal than
100 will be reset to 255 and displayed as white — this
inferred the pixels as being filtered-out. On the other hand,
pixel values smaller than 100 will remain unmodified and
will be stored together with the newly modified pixel
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(b) After filtering

values as shown in Fig. 2(b) — the respective images are
as illustrated in Fig. 2(c) and (d).

Collecting information on the protein spots: After
filtering out the unobvious protein information and
noises, the next step is to index each protein spot. Each
protein spot makes a block. Starting from the top-left pixel
value on the image, pixel values smaller than the threshold
value are stacked in the First-In-Last-Out (FILO) order.

The last pixel value is popped off the stack to check
the adjacent eight pixels. Pixel values less the threshold
are then stored. Pixels being stored will not be stacked
back. This procedure is repeated until there are no more
pixels. An example of this simple process is illustrated in
Fig. 3. In Fig. 3(a), scanning starts from the top-left pixel
value, left to right and top to bottom to located pixel
values that are not 255. As seen, the first pixel value
found is 67. This pixel value is stored. Then pixels from
the eight pixels which have values not equal to 255 will be
stacked. The pixel values on the stack will be popped off
by the FILO order and compared to the adjacent eight
pixels until there are no more pixels (see Fig. 3 (b)). The
blocks will be indexed and marked 1, 2, 3, ... for the protein
spots, respectively.
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(a) Before an index value is set

Fig. 3: Indexing the protein blocks
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Fig. 4. Individual records from a 2-DGE image
After the protein blocks are indexed, the coordinates & w3 oy [ 401

of each protein spot iz calculated by finding the center
between two points diagonally from the bottom-left corner
and the other at the top-right corner of the smallest
rectangle area that makes the protein block. The
information including the coordinates of bottom-left,
top-right and center points and the size are stored in a
database as criteria for search.

2-DGE image query interface: The first part is completed
after all the filtered 2-DGE images and their information are
stored in the database. The final task is to create an image
query interface. Coding for the interface is written with the
JAV A programming language. To query, a 2-DGE image
will be loaded where one or multiple protein blocks will be
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Fig. 5: Marking blocks on a 2-DGE image for query
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Fig. 6: Results from query on the marked protein spots

marked and submit as criteria for the search to refrieve
information on the proteins including information on other
2-DGE images that matches the same query criteria.

EXPERIMENTAL RESULTS AND ANALYSIS

The 2-DGE database iz built on MySQL with Java
programming. The process for storing the 2-DGE images
and related information include using a threshold value of
100 to filter out unobvious protein spots and noises.
Figure 4 shows sample data records for collecting
information on a 2-DGE image, “1.raw™.

The 2-DGE image query interface is as shown in
Fig. 5. A 2-DGE image is first loaded and selective
protein spots are marked as blocks for query.

Once the protein zpots to be queried are marked, the
gizes, the center coordinates and coordinates for the
blocks will be used to search the 2-DGE image database.
The search criteria are set for the size of protein spots to
be around+10 and coordinate of the center to be
around+20. Figure 6 shows results from the selected
protein spots on the desired image such as the
coordinates of the center point, size and filename of
image. The coordinates of the protein spots and related
information are used on the examples without going

through a complicated spatial relationship operator as
those in®. The search is simple and requires less time.

CONCLUSION

The 2-DGE image displays information about the
variability and distribution of proteins. Analysis can be
carried out on the extent of variability and distribution of
these proteing which might help identify possible
sicknesses or to develop a cure for. The analysis can aid
a biologist in dezigning a routine for a patient to conirol
his/her protein distribution until it gets down to those of
a normal person’s.

In the proposed context-based retrieval technique,
multiple blocks can bemarked on a 2-DGE image as criteria
toretrieve all 2-DGE images with similar information. The
gsearch is simple and takes less time to retrieve the
required information. Also, the database requires very
little storage space. The context-based retrieval system
can be useful to the biologist who requires unrestricted
access to the 2-DGE image and the need to find out the
protein information in other 2-DGE images.
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