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Abstract: The proteomic analysis is a set of process involving modern analytical techniques: -Realization of 2D
Electrophoresis-Gels (2DE-G). - Processing of 2DE-G image and location of new or modified proteins. - Peptidic
identification by mass spectrometry. - Location in data bases of proteins whose peptidic card correlates with respect to
that found. The 2DE-G image processing is a crucial stage because it allows to localize pertinently the protein spots
candidate for a peptidic identification by mass spectrometry. One of the major axes of this stage turns around the
protein-spots detection. The reliability of this stage depends among others on the quality of the detection tools. In this
paper we present a segmentation technique combining both the Top-Hat transformation and the watershed. The
segmentation process is an iterative process leading to a simple and effective detection of protein spots. Before this
segmentation process, image must be preprocessed in order to improve the image quality in term of signal to noise
ratio. Image preprocessing algorithm uses the sub-band technique combined with Retinex Method. The detection
algorithm operates by finding the threshold gray level that minimizes the entropy of the fuzziness measure.

Key-Words: 2D Electrophoresis-Gels (2DE-G). Protein spots. Detection. Top-Hat Transformation. Watershed
Transformation. Sub-band technique. Retinex Method. Entropy of the fuzziness measure.

1 Introduction Fig.1 below shows the result of the protein-spots

The final goal of the proteomic analysis is to indentify ~ recognition made Dby the specialized BIORAD
the peptidic card of the new and\or modified proteins ~ PDQUEST software. The found spots are marked by
(proteins X) within a series of 2D electrophoresis gels. ~ SYmbols (+). Inside the box, it is seen that each protein
These are obtained after orthogonal separation following ~ SPOt is schematized by several signs +, thus indicating
the isoelectric  point and the molecular mass on the presence of several spots, whereas actually one
polyacrylamide gel. Often, gels are realized with should observe only one sign +.

solubilised proteins resulting from cells or from bodies.
These proteins can be used as targets of drug (medicine) e
or marker pens of disease [10][15].

Here, we present a segmentation technique combining

both watershed and top-hat transformation. We will give ; —
a comparative results detection made by the proposed e@'— -
method and by the commercial PDQUEST software. A

To observe marker pens or a treatment impact, the
researchers, the biologists, doctors realize several gels:
control gel, treated gels and then accomplish
comparative image analysis in order to localize possible  Fig.1: Piece of 2D electrophoresis Gel. Signs + represent
proteins X. Specialized 2DE-G image processing  the protein spots detected by the commercial PDQUEST

mainly leans on two processing tools: the protein-spots  software. This last one is dedicated to 2DE-G image
detection and the image matching [15]. It is clear that processing.

the quality of the 2-nd depends on that of the first. In this
article we treat only the first tool: Spots Detection Tool. Our paper presentation is as following:

1. General algorithm
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2. Preprocessing process

3. Fuzzy Minimum error criterion
4. Results

5. Conclusion

2 General algorithm
The global algorithm is done according the following
processes:

- Sub-band and Retinex preprocessing

- Protein spots detection process
-- Top Hat Transformation

-- Optimal threshold computation
-- Whatershed Transformation

- Spot domains computation

3 Sub-band and Retinex preprocessing

In proteomic image analysis context, the notified noise
must be minimized in order to avoid parasite spots
detection and consequently to optimize the proteomic
image analysis cost.

Generally, a good quality of image is translated by a
good Signal to Noise power Ratio (SNR), or by good
Maximum Signal Power to Noise power (PSNR). In
other words, less is the background and noise, better is
the contrast. So, the finality is to reduce the noise and to
improve the contrast of the image. To carry out such an
objective, one broke up the image (sub-band
decompostion) into two categories of frequencies: low
and high frequencies [10,12,13,14], then one applied the
method retinex [3,4] only to the low frequencies. As the
Fig.2.2 shows it, one notes an improvement of the image
quality.

— -

Fig.2.1: origin image

Fig.2.2: Preprocessed image by sub-band and
retinex combination techniques.

4 Protein Spots Detection process

In the literature, numerous applied techniques can lead to
more or less satisfactory results. One can find those that
are direct and that base themselves on the image
sweeping with a geometrical element and an exam of
maxima inside these regions, one can meet derivative
methods which base themselves on the analytical
properties of the continuous surfaces, the analytical
methods of the convexity which base themselves on the
correlation of the image with a mask (template
matching) [1][5][17][19]. These methods depend on the
curve model (geometrical shape). Methods used in our
approach got from the mathematical morphology and do
not depend on the shape. These methods are [9]
[17,18,19]: - Top Hat Transformation (THT) and
Watershed Transformation (WT).

4.1. Top Hat Transformation (THT)

There are two types of THT: white top hat and black
top hat transformation [1][6].

The method used here is the  "black top hat"
transformation. It allows to discover the protein spots.
The THT corresponds to the thresholding difference
(threshold value T) of the closed image and the initial
image. The closed image corresponding to the *
background ". The thresholding of the image consists
here in finding the maximal value of intensity from
which it is possible to get protein patterns in image. At
first time and before the detection process, protein spots
must be separated from other phenomenon in 2DE-G
image. This separation from background is done by
applying Top-Hat transformation [1]. So, the original
gray scale image I(x,y) is first opened by a cylinder
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structuring element B with a radius of 10 pixels. The
resultant image is then subtracted from the original,
producing a different image which retains spots
information. The process can be expressed as follow.

ly=1- (1-B)

The output image 14 is then thresholding by T value.

4.2 Optimal threshold computation

Before applying the WT to the I3 image, this one must
be converted into binary image (black and white). To be
done, it is necessary to find an automatic and optimal
threshold of the segmentation process, in other words a
value of below which we wish that all the pixels take the
value 0 (black) and above which the pixels take value 1
(white). Our automatic computation process is based on
the minimization of the entropy of the fuzziness
measure[2][7,8,9]. The first step is to define the
membership function. One possible condition for the
membership function is that, the smaller the difference
between the gray level of any pixel and the mean of its
class, the greater will be the value of the membership
function. A membership function that fulfills this
condition and suitable for the 2DE-G image is:

1

if x<t
L+ |x = uo|lc
p(x) = L
_ if x>t
1+|X—,ul|/c
With
Zt:i.h(i) fi.h(i)
o) ="F—— and  p)="g—
0 > _h(i)

1l
o

i i=t+1

In the equation above, t signifies a given threshold gray
level, C is constant that represents the difference
between the maximum and minimum gray levels

present in the grayscale image, “o is the mean value of

background pixel class, and 41 is the mean value of
specimen pixel class. The upper equation of the
membership function applies to the background pixels
and the lower equation applies to specimen pixels. In
either case the membership function assigns a numerical
probability between 0.5 and 1 to the degree that pixels
belongs in one of the two classes. The second step is to

determine a measure of the segmentation fuzziness for a
given threshold t. One method for measuring fuzziness is
based on the idea of the fuzzy set entropy, which is
calculated using Shannon’s function, or:

H, (x) =—xIn(x) — (21— x)In(1— x)

The entropy of the entire image is then given by:

255

E() == H, (u()h()

N =

In the equation above, the summation is taken over all of
the possible gray levels, and N is the total number of
pixels in the image. The process of the optimal threshold
computation is done by finding the threshold gray level
that minimizes the entropy of the fuzziness measure.

4.3 Watershed transformation

WT is a mathematical morphology method which
constitutes the main tool of images segmentation
[11[5]1[9][18]. This technique uses the description of
images in geographic terms. Indeed, an image can be
perceived as a relief if one associates the gray level of
every point to a height. It is then possible to define the
watershed as being the crest forming limit between two
ponds hillsides. To obtain it, it is necessary to imagine
the dumping of a relief in some water, by clarifying that,
the water can penetrate into the valleys only by its
minima. The watershed is represented with the points
where two separate lakes join during the dumping (see
Fig.3).
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Fig.3: Watershed illustration
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4 Algorithm Results = S~ o
As mentioned above, the protein spots detection is - = .
started by applying the THT process in which the radius
cylinder structuring element B is 10 pixels. The output
of this process is given in Fig.4. Then and in order to
obtain the binary image, the computation process of the
optimal threshold is executed. The obtained value that
minimize the fuzziness measure criterion is equal to 87.
Fig.5 is the output of the segmentation process. After,
the algorithm operates with watershed transformation
that gives the result showed in Fig.6. At the end we
launch the process of the protein domains computation.
The output of this last is given in Fig.7.

Fig.6: Detected protein spots

3 Conclusion

The given results show the effectiveness of the
watershed transformation coupled with the "Top Hat"
transformation. The suggested method generates less
parasitic spots (not like PDQuest software for example).
In this context, the associated WT and CHF technique
was thus considered to be relevant for the protein spots
detection.  We note out that the market processing
software majority require subjective criteria, involving a
Fig.5: Binary image result cost in analysis time and risks of error. Our method is
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objective since it generates an optimal threshold
according to the fuzziness measure theory and does not
require knowledge in image processing.
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