
 
 

Abstract 
 

Spot-Segmentation, an essential stage of processing 
2D gel electrophoresis images, remains a challenging 
process. The available software programs and 
techniques fail to separate overlapping protein spots 
correctly and cannot detect low intensity spots without 
human intervention. This paper presents an original 
approach to spot segmentation in 2D gel 
electrophoresis images. The proposed approach is 
based on 2D-histograms of the aforementioned 
images. The conducted experiments in a set of 16-bit 
2D gel electrophoresis images demonstrate that the 
proposed method is very effective and it outperforms 
existing techniques even when it is applied to images 
containing several overlapping spots as well as to 
images containing spots of various intensities, sizes 
and shapes.  
 
 
1. Introduction 
 

Over the last decade, two-Dimensional 

affect the expression profiles of proteins.  

Spot-segmentation still remains a challenging 
process.  The reason for this lies in the nature of 2D-
PAGE images. Indeed, the 2D-PAGE images may 
contain up to 10,000 spots, each one with different 
intensity, size and shape. Furthermore, adjacent spots 
are not clearly separated but they overlap. Last but not 
least the 2D-PAGE images contain inhomogeneous 
background as well as they are contaminated with 
noise and artifacts. As a result, a remarkable number of 
techniques and software systems has been proposed 
and developed in order to implement the spot-
segmentation of 2D-PAGE images. 
Spot-Segmentation techniques based on watershed 
methods [1, 2] can cause over-segmentation. While 
selection of inner markets [3] is an approach used to 
address the over-segmentation problem, it requires 
human intervention which as already mentioned can 
affect the segmentation results. Morphology-based [4] 
and edge-detection methods [5, 6] do not perform well 
in the low quality images. Thresholding methods [7, 8] 
based on 1D histograms fail because the 1D histogram 
does not provide information about the spatial 
correlation between the pixels in the image. Therefore, 
low quality 2D-PAGE images can not be accurately 
segmented by this technique. 

In this paper, an original approach to analyzing 2D-
PAGE images is presented. The proposed approach is 
divided into three main stages: 1) Rough segmentation 
of the 2D-PAGE image into a set of regions containing 
mostly background and into a set of regions containing 
mostly spots, 2) Each coherent region containing 
mostly spots is segmented in order to separate adjacent 
spots which overlap, 3) Refinement procedure for the 
determination of the optimal contour of each spot. The 
conducted experiments in a set of 16-bit 2D-PAGE 
images demonstrate that the proposed method is fast, 
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2nd stage: Each coherent region of S is in turn 
segmented in order to separate adjacent spots which 
overlap. According to Bettens et al [11] protein spots 
have an intensity that peaks at their central region and 
declines at regions further from their centre. In the case 
when the peak is thin, spots resemble a 3D-Gaussian 
function. In the case when the peak is wide, spots 
resemble a plateau. As a result, local maxima in the 
intensities contained in each coherent region of S are 
the most probable candidates for spot centers. Thus, 
spot detection is achieved with the determination of 
local intensity maxima of the S regions. Afterwards, 
each coherent region of S is segmented into sub-
regions around the local maxima of image intensities 
by using a variant of the pixel value collection 
algorithm.   

3rd stage: The optimal contour of each spot is 
determined. More precisely, the optimal thresholding 
[12] method is applied in order to remove the 
background area that surrounds each protein spot. 

4. Results 
 

Experiments were performed on a set of regions of 
real 2D-PAGE images in order to evaluate the 
performance of the proposed algorithm. The 2D-
PAGES images were digitized at 2250×3000-pixels at 
16-bit grey level depth. Each 2D-PAGE image 
contains approximately 1500 spots. 

The accuracy of the proposed method was analyzed 
by means of a statistical analysis. The spot 
segmentation results of the proposed method were 
compared with the spot segmentation results of the 
Melanie 7 software package [13]. The results were 
validated with the ground truth provided by expert 
biologists in the proteomics field. It should be noted 
that the biologists used the Melanie 7 software package 
the results of which they then had to correct manually 
in order to reach the ground truth. 

The percentage of the real spots segmented with the 
proposed method achieves the high value of 93.6% 
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Figure 3. Spot segmentation results. (a) A region of a 2D-PAGE image, (b) Ground truth of the segmentation 
provided by the experts, (c) Segmentation results using the proposed method, and (d) Segmentation results using 
the Melanie 7 software program. 
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