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Abstract 

In proteomics, two-dimensional polyacrylamide gel 

electrophoresis, namely 2D-PAGE or 2-DE, is widely used to 

separate and identify proteins, producing gel images that 

consist of a lot of spots. They often introduce automated 

algorithm in spot matching to identify proteins from images 

in order to  overcome time and cost constrains. In this paper, 

we propose a straightforward method how to determine the 

spot matching results using probabilistic reliability in the 

final stage of experiment. In the algorithm, homogeneous 

multiple graphs of k-NNG are used and the results from each 

iteration by a single graph are summed together to produce 

reliability of each spot pair in the form of probability. 

Experiment has performed to confirm the effectiveness of the 

proposed algorithm. Consequently, the proposed method can 

be a good guide even though the final decision depends on 

medical scientists. 

Keywords: 2D-PAGE, Spot Matching, Grassfire Algorithm, 

Homogeneous Multiple Graphs, k-NNG, Probabilistic 

Reliability 

 

INTRODUCTION  

The two-dimensional polyacrylamide gel electrophoresis, 

namely 2D-PAGE or 2-DE, is one of the widely used 

methods to analyze proteins in the field of proteomics. By  

the processes of IEF and SDS-PAGE, proteins in cellular 

tissue can be separated in a gel in the form of tens to 

hundreds of spots[1-3]. And then medical scientist(s) may 

identify proteins using gel image, causing huge amount of 

time, cost and efforts in manual process. Actually, it is very 

hard to carry out this process in manual because hundreds or 

thousands of proteins are contained in a gel. Therefore, it is 

necessary to automate the analytical process of 2D-

PAGE[3,4]. 

 So far, many algorithms have been proposed to make the spot 

matching process automated because it can significantly 

reduce time and cost in the most important identification 

process in 2D-PAGE. Most spot matching algorithms 

produce good result over than 99% in detection rate and 

accuracy. But  no one can guarantee the matched pairs does 

not contain false-positive pair(s). 

 There have been proposed various matching algorithms in 

2D-PAGE that take advantage of features such as landmark 

protein, graph, iterative closest point, neighborhood 

descriptor, etc.[5]. Nevertheless, most of research related to 

spot matching devotes itself to enhancing detection rate and 

matching accuracy. And some take into account  outlier or 

missing spots in a gel. It is important that spot matching 

results does not contain false-positive ones. In recent, the 

research  on the  individual reliability measure for  every 

matched pairs has been introduced [6].  

In this paper, therefore, we propose a method to measure and 

assess of each matched pair from the automated spot 

matching algorithm in 2D-PAGE in terms of probabilistic 

reliability. The proposed method adopts the grassfire spot 

matching algorithm and homogeneous multiple graphs. Also, 

the experimental results with probabilities of matching pairs 
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are presented, which provides useful information to medical 

scientists for decision making in the protein identification 

phase.  

 

DEFINITION AND MATERIAL 

The definition of spot matching in 2D-PAGE using 

mathematical notion is described. And then, spot matching 

algorithm using topological patterns including the grassfire 

method are presented.  

 

A. Definition of Spot Matching in 2D-PAGE 

The typical process to analyze proteins in a tissue by medical 

scientists is so much time and cost consuming, which is 

shown in the left part in the Figure 1. As mentioned above, a 

number of proteins in a gel ranging from hundreds to 

thousands require automated way to identify them to 

significantly reduce efforts by manual tasks of medical 

scientists. It is possible to automate some process using the 

spot matching algorithms developed by computer scientists 

that utilize gel images, shown in the Figure 1.  

 

 

Figure 1. Spot Matching in 2D-PAGE 

 

The definition of spot matching in 2D-PAGE is to identify 

the same proteins between two gel images: reference and 

target gels[6,7]. The concept of spot matching is depicted in 

the Figure 2.  

 

(a)  Reference gel P                    (b) Target gel Q  

Figure 2. Concept of Spot Matching in 2D-PAGE 

 

 It is assumed that a given reference gel and a target gel are 2-

dimensional sets P and Q consisting of spots, respectively. 

Each of the center positions of spots in their images can be 

represented as coordinates pi=(xi, yi) in reference gel and  

qj=(xj, yj) in target gel, as shown in the equation (1) [6,8].  

P = {p1, p2, …, pm}, where pi =(xi, yi), 1≤ i≤ m 

                                                                             (1) 

Q = {q1, q2, …, qn}, where qj=(xj, yj), 1≤ j≤ n 

 

Now spot matching problem with respect to each spots in two 

relevant 2D-PAGE images is to determine the maximum set 

M consisting of matching pairs between P and Q that satisfies 

the conditions given in the equation (2).  

M = {(pi1, qj1), (pi2, qj2), …, (pil, qjl)},                  

          (2) 

         where pil∈P, qjl∈Q and l ≤ min(m, n) 

 

There might be missing spots in some cases. The word 

missing means that a spot really exists but it is not detected in 

the process of spot detection for many reasons. There might 

also be outlier spots in some cases. The word outlier means 

that the counterpart of a spot does not exist by bio-chemical 

reasons such as diseases or environmental conditions. 

However, the two words are used as the same meaning. In 

both cases, the spots have no counterpart.  

 

B. Grassfire Spot Matching 

Various spot matching methods have been proposed so far 

because the 2D-PAGE has characteristics of not only 

showing low repeatability but also including both global and 

local distortions. It is often classified into two categories. One 

is known as image matching approach that has been proposed 

in order to resolve spot matching problems involving 

nonlinear distortions[9,10]. And the other is point pattern 

matching method that utilizes geometric property of a graph.  

Here, the graph is formed as center positions of spots from 
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gel images. Again, the spot matching algorithm using the 

geometric property can be classified into several sub-

categories such as using the landmark spots, graph theory, 

iterative closest point, similarity of the neighboring spots, etc. 

The grassfire algorithm is adopted in this paper to perform 

basic spot matching with 2D-PAGE images. It has ability to 

produce accurate spot matching result based on the 

topological pattern of neighboring spots in two graphs. One is 

converted from the given reference gel and the other from the 

corresponding target gel. The grassfire algorithm is 

characterized by three factors such as type of graph, 

determination of seed spot pair for starting execution at the 

initial point pair and the spreading direction of consecutive 

spot matching. And it shows different spot matching result 

according to the type of a graph employed because the 

algorithm takes advantage of topological pattern of neighbor 

spots in its execution and it is obvious that the configuration 

of neighbor spots for each spot in a graph may be different. In 

general, there are commonly used types of graph in spot 

matching such as the Delaunay triangulation graph, the 

Gabriel graph, the relative neighbor graph, the k-nearest 

neighbor graph(k-NNG), etc. Among these, the grassfire 

algorithm takes advantage of k-NNG as the graph for 

building reference and target gel.  

 

Figure 3. Organization of Grassfire Spot Matching 

 

The grassfire algorithm starts spot matching process at a 

single distinct pair of spots, which is called the seed spot 

pair[5,7]. Clearly, a true-positive matching pair should be 

determined as a seed spot pair to prevent the algorithm from 

producing unreliable spot matching result due to input of 

wrong pair. In general, it is determined either in manual or 

automatic selection algorithm using landmark spots. Next, a 

single spot pair with the highest similarity among the 

neighbors of the seed spot is selected to be compared for next 

spot matching. The organization of the grassfire spot 

matching is depicted in the Figure 3. The spot matching 

results should be checked doubly with the help of the 

'MatchingTable'. If a certain matched pair of neighbors is 

already exists in the 'MatchingTable', it is discarded and not 

stored in the 'MatchingInfoTable'. In this manner, the same 

process is iterated until all the spots are exploited and the 

'MatchingInfoTable' becomes empty. 

 The grassfire algorithm takes advantage of matching 

information of the previous stage to the next matching stage, 

which results in the good performance in detection rate and 

matching accuracy as well as speed. And spot matching is 

spread out toward the direction of showing the best matching 

accuracy among neighbor spot pairs because the next 

matching spot is determined as a single spot pair of producing 

the highest topological similarity among candidates of 

neighbor spot pairs. Moreover, the position of the seed spot 

has strong influence on the order of matching, hence closely 

related to the direction. As a consequence, the grassfire 

scheme produces the same matching result regardless of the 

position of the seed spot pair. This is why a spot pair with the 

best matching value of similarity among candidates of 

neighbor spot pairs in the previous stage is chosen in the next 

matching stage of algorithm execution.  

 

PROPOSED METHOD 

The relationship between spot matching accuracy and 

reliability of the matched spot pairs are explained. And the 

proposed probabilistic reliability measuring scheme for each 

pairs of spot matching results using homogeneous multiple 

graphs are described in detail with mathematical notations. 

Also, the algorithm for the proposed scheme is explained 

with a simplified pseudo code in this paper.  

 

A. Matching Accuracy vs. Reliability 

Matching accuracy is the most important performance 

measure in spot matching algorithm and detection rate as well. 

Actually, the accuracy of 100% is not guaranteed among the 

detected spot pairs because the false-positive matching pairs 

can be contained as matched spot pair(s) in the result. 

Therefore, it is necessary to verify spot pairs in the matching 

result whether each of them definitely belongs to true- or 

false-positive matching.  

The verification for confirming the spot matching results has 

been carried out by human with naked eyes traditionally, 

especially by medical scientists, which is not a trivial tasks 

because hundreds to thousands of pairs should be examined. 

It requires huge amount of time and cost in case all of the 

matched spot pairs are examined. On the other hand, 
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verification of spot matching results at random does not 

guarantee that all the false-positive matched spot pairs are 

selected for the candidates to be examined.  

Once certain information for the matched pairs by an 

automated manner are given, one can easily make decision in 

the spot matching verification phase. In this paper, we present 

the information in the as a form of probabilistic reliability for 

each pair of the matching result. Then, spot pairs belonging to 

a certain range of probabilistic reliability are to be verified.  

 

Figure 4. Thresholding for Decision Making from  

Probabilistic Matching Reliability Distribution 

For example, let us suppose that the matched spot pairs 

whose probabilistic reliability is less than 50% are candidates 

for manual verification. The shaded area in the Figure 4 

denote the candidates for verification. In case all of them turn 

out to be correct as true-positive matched pairs, the other spot 

pairs with probabilistic reliability of higher than 50% are 

regarded as correct ones. In case, otherwise, there exist some 

incorrect false-positive spot pairs among the candidates, the 

threshold for choosing candidates should be adjusted to 

higher probabilistic reliability from 50% up to 70%, for 

instance. In this manner, spot matching result verification in 

manual is accomplished with the minimum cost and time by 

greatly reducing the number of spot pairs to be examined. 

Moreover, the initial threshold to group the candidate spot 

pairs should be determined appropriately by medical 

scientists as a result of experience, discipline and/or empirical 

study according to the purpose of experiment. 

 

B.  Probabilistic Reliability Measuring Scheme using 

Homogeneous Multiple Graphs 

In order to provide useful information, or - the probabilistic 

reliability of every matched spot pairs, the proposed method 

employs multiple graphs of homogeneity. The basic idea 

starts from the fact that different graph produce different 

matching result in the grassfire spot matching algorithm. This 

is obvious because it takes advantage of topological pattern 

of neighbor spots. In the proposed method, therefore, 

individual execution of spot matching by different but 

homogeneous graph produce result and it is accumulated by 

iteration. Then, the matching probability of every matched 

pair is calculated across multiple graphs as reliability for 

verification. 

 Now, the proposed method is described in detail as the 

normalized form with mathematical notation. Let us assume 

G a set of graphs containing multiple graphs as its element, as 

shown in the equation (3). The notation |G| in the equation (4) 

is defined as the size of G. It takes the value corresponding to 

the number of individual graph as its elements, meaning the 

number of iteration of spot matching in the proposed method.  

  G = {Gk | k= 1 to N}  

      = {G1, G2, …, GN }                 (3) 

 

 |G| = N          (4) 

 

 With the use of graph G, the matching result M for each spot 

pair (pi, qj) by an algorithm execution for a certain graph Gk 

can be expressed in the form of a tuple (Gk, pi, qj) as shown in 

the equation (5). Every result for all spot pairs with respect to 

individual Gk are computed in turn and stored in the matrix. 

And then, the corresponding results of spot pair  (pi, qj)  

across G, from G1 to GN, is summed up to get the 

accumulated spot matching frequency FG(pi, qj) as shown in 

the equation  (6).  
 

  

 

        (5) 

 

 

 

         (6) 

 

  

 

 

 

         (7) 

 

 Finally, the reliability of every spot pair based on probability 

with respect to the homogeneous multiple graphs can be 

obtained. The probabilistic matching reliability RG of each 

spot pair (pi, qj) represents the average value across multiple 

graphs, which is calculated by dividing the accumulated spot 

matching frequency with the number of graphs wholly used 

in the algorithm, as shown in the equation (7). After all, the 

medical scientists would take advantage of probabilistic 

reliability as useful criteria to determine whether each spot 

pair is actually matched or not.  
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C. Algorithm Description 

The algorithm to implement the proposed probabilistic 

reliability measuring scheme described above has built, 

which is illustrated with simplified pseudo code in the Figure 

5. As for graphs, we adopted k-NNG(k-nearest neighbor 

graph) in the algorithm because the grassfire algorithm used 

it originally and the same kinds of k-NNG shows good 

homogeneity or similarity compared to the other kinds of 

graphs. Once again, it takes advantage of the grassfire spot 

matching algorithm by iterating as many times as multiple 

graphs with homogeneous property used in the proposed 

method. It is comprised of three principal steps as follows:  

 

01: M_array(m, n) ← 0 

02: P_match(m, n) ← 0 

03: for each graph ∈ k-NNG do 

04:   M_pair = grassfire(P, Q, k-NNG) 

05:   for each spot pair (pi,qj)∈ M_pair do 

06:    M_array(pi,qj) = M_array(pi,qj) + 1  

07:   end for 

08: end for 

09: for each pi ∈ P do 

10:   for each qj ∈ Q do 

11:    P_match(pi,qj) = M_array(pi,qj)/|k-NNG| 

12:   end for 

13: end for 

Figure 5. Pseudo Code for the Proposed Method 

 

• (STEP 1) Initialization for the variables used in the 

algorithm is performed in the first step. Here, two kinds of 

arrays M_array and P_match are to be used, where (m, n) 

denotes the number of spots in reference gel P and target gel 

Q, respectively. The former M_array is to store matching 

account through grassfire execution by the whole multiple 

graphs. And the latter P-match is for storing the probabilistic 

matching reliability. 

• (STEP 2) In the second step, actually spot matching 

between the reference and target gel is performed using the 

grassfire algorithm for every multiple graphs in turn. First, 

the grassfire algorithm configures the information of  k-NNG 

such as neighbor spots from P and Q. And then, it returns 

result of the matched pairs to M-pair after execution. For 

each iteration in this step, the matching results of each spot 

pair for is accumulated to M-array. 

• (STEP 3) In the final step, the pair-wise reliability of 

matching probability throughout whole graphs used in the 

algorithm is calculated. It is performed by dividing the 

accumulated sum with the number of graphs. The notation |k-

NNG| in the line 11 denotes the number of graphs the same as 

|G| in the equation (4). 

 At this point, the problem in the proposed method arises on 

how many graphs are to be used for effective and efficient 

information in real environment by medical scientists. In 

conclusion, it is out of the question because the execution 

time by additional graphs would be ignored when compared 

to the time and cost of manual task. Therefore, one can 

introduce as many as graphs to obtain more precise measure 

of probabilistic matching reliability.   

 

EXPERIMENT AND RESULT 

The proposed method is implemented using PERL language 

to verify its validity. And the experiment is performed using a 

specific 2D-PAGE image data set. Here, the feature of data 

set is described. And the experiment results are also presented.  

 

A. Data Set for Experiment 

It requires a test data set of 2D-PAGE image to experiment 

spot matching procedure by the proposed method. Moreover, 

the individual matching spot pairs for a given data set - a 

reference gel and a corresponding target gel - should be 

known in advance. Actually, it is very difficult and time- 

/cost-consuming task to prepare gel image samples from 

tissues of human being while confirming every matching spot 

pairs in manual because a single image gel contains hundreds 

or thousands of spots. Therefore, a synthesized gel image pair 

is used for experiment in this paper. In the literature [11], the 

method to generate a pair of gels is introduced. It reflects 

inherent property of real gel images by maintaining topology 

patterns by following the normal distribution with the 

minimum distance between spots. 

A data set of the synthesized gel images is shown in the 

Figure 6. It contains 25 spots in a gel of size 64×64 pixels 

with the minimum of 10 pixel distance. And there exists no 

outliers or missing spots for simplicity. Several parameters 

need to be set to generate a synthesized gel pairs such as size 

of a gel, the number of spots, the minimum distance between 

gels, the normal distribution, etc.  

The target gel image is generated with a certain variation 

based on the reference gel image. First, a reference gel is 

randomly generated based on the given parameters. In the 

process of reference spot generation, the minimum distance 

between/among spots plays an important role because it 

prevents the generated spots from overlapping or  placing too 

much close. Next, once all the spots of a reference gel is 

produced, their corresponding spots for a target gel should be 

generated in turn. The spots in the reference gel are 

transformed to form corresponding spots in the target gel 
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using the random number of the normal distribution. The 

displacements for every spots in the reference gel are 

calculated using the normal distribution along with X- and Y-

axis, respectively. And then, they are added to the coordinates 

of the corresponding spots in the reference gel. The 

displacement information between reference and target gel in 

the Figure 6 is presented in the Table 1 together with spot 

coordinates. Finally, a single number is allocated to two 

corresponding spot pair one after another. This process 

provides an easy way to identify the detected pot pairs in the 

spot matching result by an automated spot matching 

algorithm whether each pair belongs to either false-positive 

or true-positive with the help of pre-allocated number of 

spots. 

       

          (a) Reference Gel P                  (b) Target Gel Q 

 

 

(c) Overlapped Image 

Figure 6. Synthesized Gel Image Data Set for Experiment 

 

Table 1. Coordinates(location information) of Spots in the 

Gel Images of Figure 7 

Number 

of Spot 

Reference Gel 

pi=(xi, yi) 

Target Gel 

qj=(xj, yj) 

Displacement* 

( pi - qj ) 

1 (38, 78) (33, 94) (-5, 16) 

2 (174, 67) (173, 70) (1, 3) 

3 (88, 148) (85, 154) (-3, 6) 

4 (88, 59) (90, 62) (2, 3) 

︙ ︙ ︙ ︙ 

24 (22, 143) (27, 148) (5, 5) 

25 (72, 172) (63, 177) (-9, 5) 

*Note: the minus sign(-) denotes the direction of displacement. 

     

                 Reference Gel                          Target Gel 

 (a) 5-NNG 

 

 

     

                  Reference Gel                           Target Gel 

 (b) 6-NNG 

 

 

     

                 Reference Gel                          Target Gel 

 (c) 7-NNG 

 

 

     

                  Reference Gel                            Target Gel 

 (d) 8-NNG 
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                   Reference Gel                          Target Gel 

 (e) 9-NNG 

 

     

                 Reference Gel                            Target Gel 

 (f) 10-NNG 

Figure 7. Graph Configuration for the Gel Image Data Set. 

 

B. Experiment and Result  

The synthesized 2D-PAGE data set containing 25 spots as 

mentioned above in the Figure 7 is used in the experiment, 

even though there exist hundreds to thousands of spots in a 

real gel image. This is why we aimed at showing the precise 

and intuitive results by simplicity. The procedure of 

experiment is very simple. First, the proposed algorithm is 

implemented in PERL programming language. And then, it is 

performed using the experiment data set, which produces 

fundamental spot matching results. Finally, they are summed 

and calculated to get outcomes in desired forms.  

The spot matching performance is summarized in the Table 2, 

which denotes outcome by the grassfire spot matching 

algorithm contained in the proposed method using six kinds 

of graphs as its input from 5-NNG to 10-NNG individually. 

The detection rate and the matching accuracy are the 

performance measures. The latter is the ratio of the number of 

the true-positive matched spot pairs over that of the detected 

spot pairs and the former is the number of detected spot pairs 

as matched over that of overall spot pairs in two 

corresponding gels. In three cases of 5-NNG, 6-NNG and 7-

NNG, the matching accuracy is less than 100 percent (shaded 

gray in the Table 2). This implies that false-positive matching 

pairs together with true-positive ones  are contained among 

the detected matching spot pairs. Consequently, the true- and 

false-positive matching rates can be calculated from two 

measures of the detection rate and the matching accuracy in 

the Table 2, which is shown in the Table 3.  
 

Table 2. Result Summary of the Grassfire Spot Matching 

using k-NNG 

Measures k=5 k=6 k=7 k=8 k=9 k=10 

Detection 

Rate (%) 
92.0 96.0 100 100 100 100 

Matching 

Accuracy (%) 
95.7 95.5 92.0 100 100 100 

 

Table 3. True- and False-positive Matching Rate 

Measures k=5 k=6 k=7 k=8 k=9 k=10 

True-positive 

Matching (%) 
88.0 91.7 92.0 100 100 100 

False-positive 

Matching (%) 
4.0 4.3 8.0 0 0 0 

 

The Table 4 denotes the matching results of each spot pair for 

six kinds of graphs including both true- and false-positive 

matching in detail. And the accumulated matching 

frequency(AF) and the probabilistic matching reliability(PR) 

across the multiple graphs are also shown. Here, four spot 

pairs shaded gray in the Table 3 such as (4, 11) of 6-NNG, 

(12,23) and (23, 12) of 7-NNG and (24,6) of 5-NNG are 

detected as matching pairs, but false-positive matching pairs 

by the grassfire spot matching method.  Actually, they are 

matched by chance in the execution of the grassfire spot 

matching for a certain graph, showing relatively very low 

probabilistic matching reliability compared to the others.  

Let us assume that a threshold value in the verification stage 

is determined to be no less than the PR of the spot pair (11, 

11), namely greater than or equal to 66.7%.  It is obviously 

clear that the detection rate and its true-positive matching 

accuracy would be 100% for the whole spot pairs finally 

determined by threshold. On the other hand, the threshold 

value is set to 90%, the detected matching pairs such as (4, 

4), (6, 6), (11, 11), (12, 12), (23, 23) and (24, 24) are regarded 

as false-positive ones even though they are true-positive ones 

showing over than 80% of their PRs. When confirming the 

spot matching pairs by threshold, it should be determined 

carefully. In case it is very low, the probability to contain the 

false-positive matching pairs among results becomes high. 

On the contrary, when it is set too high, the true-positive 

matching pairs are excluded and a number of spot pairs 

would remain for manual examination with efforts of time 

and cost. In actual, medical scientists should find out the 

method to determine appropriate threshold based on their 

empirical knowledge and heuristic information according to 

the type of samples.  
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Table 4. Probabilistic Spot Matching Reliability across 

Homogeneous Multiple Graphs using k-NNG 

Spot 

Pairs 

(pi, qj) 

Spot Matching Results 

AF* PR** 
k=5 k=6 k=7 k=8 k=9 k=10 

(1, 1) √ √ √ √ √ √ 6 100 

(2, 2) √ √ √ √ √ √ 6 100 

(3, 3) √ √ √ √ √ √ 6 100 

(4, 4) √  √ √ √ √ 5 83.3 

(4, 11)  √     1 16.7 

(5, 5) √ √ √ √ √ √ 6 100 

(6, 6)  √ √ √ √ √ 5 83.3 

(7, 7) √ √ √ √ √ √ 6 100 

(8, 8) √ √ √ √ √ √ 6 100 

(9, 9) √ √ √ √ √ √ 6 100 

(10, 10) √ √ √ √ √ √ 6 100 

(11, 11)   √ √ √ √ 4 66.7 

(12, 12) √ √  √ √ √ 5 83.3 

(12, 23)   √    1 16.7 

(13, 13) √ √ √ √ √ √ 6 100 

︙ √ √ √ √ √ √ 6 100 

(22, 22) √ √ √ √ √ √ 6 100 

(23, 23) √ √  √ √ √ 5 83.3 

(23, 12)   √    1 16.7 

(24, 6) √      1 16.7 

(24, 24)  √ √ √ √ √ 5 83.3 

(25, 25) √ √ √ √ √ √ 6 100 

* AF : accumulated matching frequency 
** PR : probabilistic matching reliability across multiple graphs 

 

The proposed method using homogeneous multiple graphs 

can be a new alternative to enhance accuracy of the spot 

matching algorithm. Consequently, the inaccurate matched 

spot pairs contained in the spot matching results can be 

excluded by calculating probabilistic matching reliability for 

all the matched spot pairs. Although the experiment in this 

paper shows a good example, one should take into account 

somewhat different aspects of results in the case of using real 

gel images caused by a number of spots in a gel, distance 

between/among spots, global and local distortions, and other 

properties.  

 

CONCLUSION 

The spot matching algorithm plays an important role to 

automate one or more phases in 2D-PAGE in the field of 

proteomics. Although it reduces time and cost significantly, 

the results cannot be guaranteed. Therefore, they should be 

carefully examined in manual task because the possibility of 

containing false-positive matching spot pairs always exists. 

The goal of this paper is to solve this problem by iterating the 

grassfire algorithm several times with homogeneous multiple 

graphs and summing up the every results to get probabilistic 

matching reliability for each spot matching pairs.  

The proposed method has implemented and the experiment 

for six kinds of k-NNGs has performed to verify its 

effectiveness. In the experiment, the synthesized 2D-PAGE 

gel image data set is used, which contains 25 spots in a gel 

image size of 64×64 pixels. The experiment provides 

meaningful probabilistic reliability for the resulting spot 

matching pairs to decide whether each of them belongs to 

true-/false-positive matching by medical scientists.  

The contribution of this paper will help one who engages in 

proteomics and related fields to utilize the automated spot 

matching method more efficiently in actual environment 

because it can minimize a lot of manual validation, hence 

reducing time and cost significantly. However, the effective 

determination for threshold still remains. The future research 

topic includes the issue for threshold and the diversity of 

graphs adopted for the algorithm execution.  
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