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Automated data analysis and pattern recognition techniques are the requirements of biological and proteomics 

research studies. The analysis of proteins consists of some stages among which the analysis of two dimensional 

electrophoresis (2-DE) images is crucial. The aim of image capturing is to generate a Photostat that can be used in 

future works such as image comparison. The researchers introduced a new method for matching two 2-DE gel 

images. In this method, a neighborhood circular region is defined to obtain information about spots’ neighbors. In 

the present paper, the information obtained by this region is reordered into a matrix as a descriptor of the neighbors 

of each spot. The matrix is then used in matching the spots between two images. All conducted tests to evaluate the 

method’s performance showed the power of the method in spot matching, even when the number of candidate 

matching spots in the second images increased. The proposed method provides a robust automatic comparison idea 

in gel images matching. Despite its low speed, its accuracy is excellent. The Novelty of the present study is the use 

of matrices as neighborhood descriptor. This idea is applicable in any other similar domain. 
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Introduction 

Computerized analysis of data and meaningful pattern 

recognition techniques are required in many research 

fields like biology, which concerned with the study of 

life and living organisms (1). Genomics and 

proteomics are the common examples of biological 

sciences that cover important aspects of biology and 

biomedical engineering. Protein and chromosome 

mapping, listing the proteins coded by genes and 

examining gene expression are some researches done 

in these area (2). 

In the field of proteomics, comparison of two 
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dimensional electrophoresis (2-DE) images is the 

selected method for proteins matching (3), which 

consists of applying the electric potential difference to 

the proteins stains and separating them on the gel to 

form 2-DE images. The formation of 2-DE images as 

the result of separation is a powerful resource for 

biomedical diagnosis (4). Spot by spot matching of 2-

DE images of two or more proteins can lead to 

differentiate them. This technique is used to obtain a 

realistic and global view of the cellular genetic 

expression (1).  

In a 2-DE image, proteins are shown as blob spots 

on gel. These spots can be revealed by staining 

techniques and captured by digital cameras. The aim 

of image capturing is to convert biological 

information to digital information in the form of an 

image that can be used in future works such as image 

comparison (5). The comparison of two images is 

done by spots matching. The results of 2-DE image 

comparison is the detection of the changes in the 

protein expression and identification of new proteins 

(6). Incorrect detection of the spots of 2-DE images or 

incorrect matching of them can detrimentally affect 

the expression profile of the proteins (7). Complex 

physical and chemical processes can cause some 

differences in the locations of the same protein spots 

in different gels images. Because of the flexibility and 

pliability of gels used in 2-DE, the extracted images 

were distorted. This distortion and deformation makes 

the 2-DE image registration complicated, and gel 

image matching becomes difficult (8). The difficulties 

are emerged in image registration, image distortion 

correction, spot detection, and spot matching (9), so 

adaptive registration methods are required for 

matching spots in two different gel images (10). 

Two dimensional spot matching of two non-

uniform images is a nondeterministic polynomial time 

(NP-hard) problem (11). Their computation is non-

deterministic and is not solvable in polynomial time 

(12). Different algorithms have been developed for 

registration of 2-DE images. Such algorithms 

intensively use different information from the gel 

images, for example, spot intensities and spot shapes. 

The algorithms are hence complex, but the 

performance is still not superior. It seems that the 

problem has not been resolved yet; therefore, the aim 

of this study was to develop a new method for 2-DE 

gel images comparison. 

Materials and methods 

In this study, a set of 2D gel images taken from 

processing of differentiating human astrocytes from 

mesenchymal stem cells were used (13). Young and 

senescent human astrocytes on 25 mm
2
 dishes were 

colored three times, and then 2-DE gels were fixed 

and scanned into a digital format. Sample of the 

dataset is shown in Fig. 1. 

 

 

Figure 1. Sample of 2-DE images used for processing in the present study. 

 



Behrouz Alizadeh Savareh et al. 

Progress in Biological Sciences / Vol. 6 (2) 2016 / 129-137 
 

131 

A two-step process was conducted to address 2-DE 

gel images matching: 

1) The first step is the protein spots detection from 

2-DE gel images: A modified version of the level set 

algorithm was applied to overcome the challenges 

involved.  

2) The second step is protein spots matching: A 

novel idea is introduced by employing matrices. 

The neighborhood area of the protein spot was 

searched to locate neighbor spots and a neighborhood 

matrix was formed, which was composed of neighbor 

spots structural properties. The matching step was 

addressed by using pair matrices for any spot in the 

first image (reference spots) and compare to the pairs 

of any potential candidate spot (any spot located in 

specific distance from reference spot) in the second 

image. All implantations were done by Matlab 2014 

(14). 

Spot detection 

The spots were detected by a customized version of 

the level set method (15). This method is capable of 

segmentation in images with intensity inhomogeneity. 

By iterative manner, the method separates protein 

spots based on the local intensity, i.e. clustering 

property of the image intensities, and defines a local 

clustering criterion function for the image intensity in 

the neighborhood of each point. The method defines 

the energy by the level set functions that represent a 

part of the image domain and a bias field, which 

accounts for the intensity inhomogeneity of the image. 

Therefore, by minimizing this energy, the method is 

able to segment the image and estimate the bias field 

that can be used for intensity inhomogeneity 

correction. This approach does not work properly in 

situation where multiple neighboring protein spots are 

located very closely. The separated areas may have 

more than one protein as shown in Figure 2. 

 

 

Figure 2. A 2-DE gel showing some areas with more than one protein. 

 

 

To address the problem of separation areas that 

have more than one protein image, another step was 

applied based on the adaptive thresholding algorithms 

(16). For each pixel in the image, a threshold has been 

calculated, if the pixel value is below the threshold, it 

was set to the background value; otherwise, it was 

assumed as foreground value. Adaptive thresholding 

method was used as a complementary part to the level 

set method for image segmentation to slab the areas 

with more than one protein into areas with only one 

protein in a recursive manner (Figure 3). 

This method is a recursive combination of the level 

set method segmentation and adaptive thresholding 

(Fig. 3). Although the application of the level set 

method improved the precision of the spots detection 

(Fig. 2); some areas that are greater than bound and 

suspicious of containing more than one spot were 

double-checked. These areas were returned into the 

flowchart to pass through the adaptive thresholding 

method phase and enter the level set again. This 

process is performed recursively until all possible 

spots are found. 
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Figure 3. The algorithm of the level set method combined with adaptive threshold technique used in 2-DE gel analysis. 

 

Spot matching 

To overcome the matching problem, two matrices 

are defined for each spot in both images: 

1) A property matrix that describes the spot 

morphology and regional information (Table 1). 

2) A neighborhood matrix generated by sensing the 

neighborhood spot area for each spot. The formation 

of the neighborhood matrix from the neighboring area 

is illustrated in Fig. 4. 

 

Table 1. The properties of the matrix describing the spot morphology in a 2-DE gel 

Area Eccentricity Major axis length Minor axis length 

Equivalence 

diameter 
Extent Mean intensity 

Bounding box length/Bounding box 

width 

 

 

Figure 4. The neighborhood matrix formation from the area of a protein spot in a sample 2-DE gel. 
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As seen above, the neighborhood area of a spot 

was segmented into some areas as A1-A5, B1-B5, C1-

C5, D1-D5, and E1-E5. Each cell value of the matrix 

was equal to the sum of the spots area located in the 

areas with the same name. Then the candidate pair 

spots in the first image were searched with the area by 

the radius “R” in the second image. For example, if 15 

candidate pair spots are found in second image, a 

similarity value is calculated through the following 

formula: 

Similarity value = ssimp × ssimn; where ssimp 

indicates structural similarity of property matrix of 

spot in the first image and property matrix of spot in 

the second image and ssimn stands for structural 

similarity of neighborhood matrix of spot in the first 

image and neighborhood matrix of spot in the second 

image.  

The similarity of the two matrices was confirmed 

by calculation of the structural similarity index 

measure (SSIM) between the two matrices (17). After 

the calculation of the similarity value for the spots of 

interest, the values are sorted in a descending order, 

and the highest value is selected as the paired spot for 

reference spot. This process is repeated for all spots in 

the first image. 

Results 

Detecting spots from 2-DE gel images is a basic step 

that must be carried out as accurately as possible, 

which, affects the performance of those foregoing 

steps, including matching step, before the matching 

step is started. It is obvious that the accuracy of all the 

following steps depends on its correctness.  

The result of spot detection in pure level set mode 

and modified one are shown in Figure 5. The result of 

separating protein spots from the background using a 

modified version of the LSM is appropriate and by 

using this method, areas with multiple spots can be 

separated successfully.  

 

 

Figure 5. The result of modified level set method applied to a big area of a 2-DE gel. The image at left side shows the spot 

detection in pure level set mode, while that at the right side indicates the modified level. 

 

In order to test the performance of the methods, a 

sample image analyzed by our method and the same 

image detected by some common spot detector 

algorithms: SURF (a)(18), BRISK (b)(19), 

FAST(c)(20), MIN EIGEN (d)(21), MSER (e)(22) and 

our method (f) were compared. As shown in Figure 6 

other algorithms than our method used for spot 

detection were not able to provide acceptable results. 

Some of the compared algorithms mis-spots and some 

take more than one spot in one spot location. 

The result of customized level set method was 

notably better than other algorithms in spot detection. 

Also, noisy area (yellow highlighted) rejected by our 

method. Regarding the matching points, our method 

was compared with two famous methods in the spot 

matching: Harris matching (23) and progressive graph 

matching (24). The result of matching comparisons is 

shown in Figure 7. 
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Figure 6. Spot detection comparison using some common spot detector algorithms: SURF (a), BRISK (b), FAST(c), MIN EIGEN 

(d), MSER (e) and our method (f). References are given in the text. 

 

Figure 7. Spot matching comparison. Upper image: progressive graph matching, middle: Harris matching, lower: our method. 
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In addition, to evaluate the performance of 

algorithm in different elastic distortion, total similarity 

matrices were generated by increasing the radius of 

searching in a 3D form. In Figure 8, the vertical 

direction indicates the index of spots in the first image 

and the horizontal direction is the index of spots in the 

second image.  

 

Figure 8. Similarity values between all spots in the first and second image by increasing the radius of search. 

 

Discussion 

Based on our results, the performance of the proposed 

algorithm in spot detection was superior to all other 

methods: SURF, BRISK, FAST and MIN EIGEN (18-

21). These methods were not able to detect spots 

properly and there were no compatibilities between 

the real spots and their output. The performance of 

MSER (22) was relatively better. However, it could 

not be ignored that the noisy areas (yellow circles in 

figure 6f) and detecting them as spots is not 

acceptable. In such situations, the customized level set 

(15) could separate real spots from noisy areas 

properly. Although there were some undetected spots, 

they could be ignored due the acceptable performance 

of algorithm. 

In the matching, the performance of the proposed 

algorithm was better than the others since a small shift 

in the location of a spot from one image to another 

caused both Harris matching algorithms (23) and 

progressive graph matching (24) go wrong. By adding 

some shifts in the artificial location of the spots, none 

of these algorithms could establish an acceptable 

match for the shifted spots. Although the execution 

time increased, the diagonal line of total similarity 

value (correct match) was not threatened by 

increasing the radius of search (Figure 8). Ignoring the 

execution time increased the tolerance of algorithm 

against more elastic distortion. This means that the 

algorithm introduced in this study is able to deal with 

a greater amount of distortion in the images. 

Neighborhood matrix was used as descriptor for 
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spatial information about a spot neighbor in this 

paper. Positive results indicate the success of this 

method, a closer examination of the aspects of using 

the matrix contains important points in clarifying the 

new dimensions of the application of this method and 

its optimization. The creation of the matrix was done 

roughly where neighborhood circle area sectored 

sharply. The ability of the matrix can be increased in 

the spatial description of spots neighborhood using 

fuzzy bordering of the sectors. The fuzzy bordering 

sectors of neighborhood areas will increase the 

tolerance of the algorithm against more elastic 

distortions. However, this process requires a complex 

process to form the matrix in fuzzy form and can be 

the subject of future studies. 
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