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Abstract

The electrophoresis chromatography, a popular analy-
sis tool, is able to separate different kinds of protein pro-
£les. In this paper, we present a robust comparative algo-
rithm Maximum Relation Spanning Tree (MRST) for match-
ing large scale and large sets of two dimensional protein
gel electrophoresis (2DGE) chromatography images with-
out the need of a priori landmark. The algorithm not only
can handle the conditions of image rotation, shift and re-
verse, but also can handle fractional mapping problem. In
the matching process, we apply fuzzy inference technique to
conclude the £nal decision of mapping and location. The
proposed system presents up to 94% correct matching per-
formance for 225 2D gel test images. The additive value
is the foundation of comparing small gel images to large
format gel images and the constitution of searching scheme
for a huge two dimensional gel electrophoresis chromatog-
raphy image database.

1. Introduction

In the research of bio-informatics, proteomic technol-
ogy plays an important role in protein expression study
and analysis. Two dimensional gel electrophoresis (2DGE)
chromatography is a popular tool for protein characteris-
tics analysis. 2DGE images analysis is the £rst step of the
whole study procedure. Issues of 2DGE images analysis
have been discussed in some literatures. The problems can
be categorized into the following topics: image registra-
tion, image distortion correction, spot detection, and spot
matching. Image registration is widely used in biomedical
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imaging, which includes methods developed for automated
image labelling and pathology detection in individuals and
groups [1]. Image registration is equally important to bio-
logical systems, e.g. in proteomic research, 2DGE images
is an important tool for investigating differential patterns of
qualitative protein expression [2]. Spot detection is a basic
procedure for 2DGE images analysis. We must locate the
protein spots coordinates and then record or compare the
attributes. There has been many methods proposed for pro-
tein spots detection, including Gaussian £tting [3], Lapla-
cian £tting [4], Histogram [5] and Watershed Transforma-
tion [6, 7]. The common feature of those algorithms is spa-
tial domain single processing. The aim of the segmentation
process is to de£ne the location, true boundary and inten-
sity for each spot. Image registration and spots detection
are important procedure in the whole 2D gel image analysis
scenario. Image registration and spot detection are common
issues and has been studied thoroughly in the past.

Spot matching is a challenging problem in 2D gel com-
parison. We must £nd the different spots between stan-
dard gel and relative gel. A few algorithms have been pro-
posed to solve this problem, for example Restriction Land-
mark Genomic Scanning (RLGS) [3, 8, 9] and Fuzzy Clus-
ter [10]. RLGS compares the protein based on constructing
of computer graphs and landmark. It has the drawback that
users need to allocate the landmark manually. Fuzzy Clus-
ter algorithm uses the relation between two protein spots
and calculate the similarity. Fuzzy Cluster method also can
calculate the similarity fast, but if there have hundreds or
thousands protein spots in two gel images, this method will
fail without using a large amount of features.

We have also investigated and implemented several
methods to construct a framework of 2DGE image analy-
sis system [11]. For spot detection, we choose the Water-
shed Algorithm to segment the protein spots for the sake of
low intensity and process speed, and to adapt to local area



Figure 1. Illustration of gel images combina-
tion [12]: (a) IPG 4-7 gel image; (b) IPG 4-5 gel
image; (c) IPG 5-6 gel image; (d) IPG 5.5-6.7
gel image.

intensity. We provide a novel Maximum Relation Span-
ning Tree (MRST) to overcome the problems of RLGS and
Fuzzy cluster method. The algorithm not only can handle
the rotation, shift and reverse condition, but also can han-
dle fractional mapping problem. In the matching process,
we apply fuzzy inference to correct the variation, which
is generated from rotation, shift and reverse condition. In
addition, this method doesn’t need landmark allocated in a
priori by users.

2. Features Extraction with Gabriel Graph and
Relative Neighborhood Graph

In the early stages of the biological experiment with long
range pH gradient, the protein spots were found usually too
closed or overlap with each other. This is a major problem
for protein purging. Therefore, the biologists would prefer
processing with narrow range of pH gradient in the same gel
areas separately and then compose several gel sub-images to
analyze protein as a whole. As we can see in Fig. 1, the im-
age on the top is composed from three partially overlapped
images shown below it. We can use the combined gel im-
age to identify more useful protein spots instead of using the
overlapped and blurred protein spot in wide range IPG gel
image. Due to this constraint, we provide a novel compara-
tive method Maximum Relative Spanning Tree (MRST) for
matching the small part of image with it’s original gel im-
age. Thus, we can use this method to £nd the original gel
image form small and fractional images and allocate them
by using this protocol.

Generally speaking, there is no £x model of protein spots
distribution, nor £x size and could reside everywhere in the
gel image. We cannot compare gels only by the information

of protein spots location or by image intensity. According to
the de£cient feature in gel image, we have to construct the
unique feature of the protein spots. In this paper, we £rst
apply the computer graphics theory to construct and to ex-
tract the features for gel images comparison [13, 14, 15, 16].
The proposed MRST algorithm is then utilized to compute
the similarity between features with fuzzy inference rules
We will discuss these issues in the following sections.

There have been several kind of graph computation
methods studied by researchers and scientists such as min-
imum spanning tree (MST) [17], relative neighborhood
graph (RNG) [18], Gabriel graph (GG),Delauney triangu-
lar graph (DT) [19] and etc.. These are simple, undirected,
straight-lined, connected and planar graphs. Furthermore,
these graphs will keep features unchanged no matter with
the transformation of rotation, shift and reverse. Therefore,
every point in the graph has a set of unique feature from
graph viewpoint.
We have selected the Gabriel Graph (GG) and the Relative
Neighborhood Graph (RNG) as feature constructive mod-
els because the variation of point’s feature is more obvious
than that of the others. We use two graph models GG and
RNG to construct the features and to compare gel images.
GG provides the major connection relation. We begin the
de£nition of the theoretical and geometric terminologies in
the next paragraph.

A graph G = (V,E) consists of a £nite non empty set
V (G) of vertices, and a set E(G) of unordered pairs of ver-
tices known as edges. An edge e ∈ E(G) consisting of
vertices u and v and is denoted by e = uv ; u and v are
called the endpoints of e and are said to be adjacent vertices
or neighbors. The degree of a vertex v ∈ V (G), denoted
by degG(V ), is the number of edges of E(G) which have
v as an endpoint. A path in a graph G is a £nite non-null
sequence P = v1v2...vk where the vertices v1v2...vk are
distinct and vivi+1 is an edge for each i = 1, ..., k− 1. The
vertices v1 and vk are known as the endpoints of the path.
A cycle is a path whose endpoints are the same. A graph
is connected if, for each pair of vertices u, v ∈ V , there is
a path from u to v . Gabriel Graph and Relative Neighbor-
hood Graph are then de£ned in following sections:

2.1 Gabriel Graph

The Gabriel graph P , denoted by GG(P ) , has its region
of in¤uence the closed disk having segment uv as diameter.
That is, two vertices u, v ∈ S are adjacent if and only if

D2(u, v) < D2(u,w) +D2(v, w)

, for all w ∈ S, w 6= u, v. (1)



Figure 2. Illustration of major spots and satel-
lite spots.

2.2 Relative Neighborhood Graph

Given a set P of points in R2 , the relative neighborhood
graph of P , denoted by RNG(P ), has a segment between
points u and v in P if the intersection of the open disks of
radius D(u, v) centered at u and v is empty. This region of
in¤uence is referred to as the lune of u and v . Equivalently,
u, v ∈ S are adjacent if and only if

D(u, v) ≤ max[D(u,w), D(v, w)]

, for all w ∈ S,w 6= u, v. (2)

2.3 Feature Extraction

After we have constructed the proximity graphs, we will
continue to extract the features of the spots on protein gel
images. In the above proximity graphs, we can obtain the
following features:

• Degree of each protein spots,

• Angle of connected edges, and

• Distance between protein spots.

These features will not be changed in the circumstance of
shift, rotation and reverse due to the advantage of graph
properties. We will calculate the features for every protein
spot based on these information and utilize them as a frame-
work of spot matching comparison in the next section.

3 Fractional Spot Matching with Maximum
Relation Spanning Tree

In order to compare the similarity between two gel im-
ages, we have developed the maximum relation spanning
tree (MRST) a comparative framework for this task, as in
which the minimum distance derived from the minimum

Figure 3. Illustration of maximum relation
spanning tree matching pairs.

spanning tree is replace by the maximum relation. We will
calculate the relationship points as their features and £nd
the maximum relation protein spot pair as basic informa-
tion for image matching. The algorithm will be terminated
if there is no referable pair in the spot pair sets. The illus-
tration of the MRST algorithm is shown in Fig 2 and Fig. 3
and is discussed as follows.

The MRST algorithm is based on Gabriel graph. We use
the connected condition of Gabriel graph to de£ne whether
a spot can join and to be compared as shown in Fig. 2. Fig-
ure 2(a) and (b) denote two protein spots sets, (c) and (d) de-
note the initial comparative pair (plotted in red dots) found
by global matching, (e) and (f) denoted the satellite spots
(plotted in blue dots) found by Gabriel graph connected
condition. We name the red spot and the blue spots as the
major spot satellite spots, respectively. Starting from any
two major spots in the standard gel image (target) and rel-
ative gel image (test sample), we will travel through all of
the satellite spots in the standard gel image and calculate
the relationship with all of the satellite spots in relative gel
image. As illustrated in Fig. 3 with connected edges, we
will £nd the maximum relation for every satellite spot pairs
recursively. Figure 3(a) and (b) denotes the maximum rela-
tion matching pair between two images to be computed, (c)
and (d) shows that the satellite spots are used as the center
point and to £nd the next pair, (e) and (f) illustrates that re-
cursive processing and £nd the next pair. From these pairs,
we chose the maximum relation pair to be the major spot
pair for comparison and store the rest of high relation pairs
into the temporary stack. If we cannot £nd further major
spot pair, choose the the largest relation pair in the tempo-
rary stack and process continuously. When all of the spots
in the standard gel image have been traversed, the computa-
tion will be terminated and the matching results will be ob-
tained. When we implement this algorithm, we separate the
process into two parts: global matching and local matching.



3.1 Global matching

In this step, we need to £nd the initial comparative pair.
We compare all possible pairs and £nd the maximum rela-
tion between each other. Euclidean distance of three differ-
ent features (spot degree, angle, and distance as mentioned
in Section 2.3) is computed as the similarity measure be-
tween spot pairs and then sort them by their relation values,
then recorded into the temporary stack.

3.2 Local matching

After the searching of the similar pairs has been com-
pleted, we start to process the maximum relation spanning
tree. The algorithm is elucidated as following:
MRST ()
{
If node tree is null.

Inserting new comparative pair.

MRST ()
else if comparative pairs is not empty

F ind next comparative pair in the satellite spots.

MRST ()
else if temporary stack is empty

Function will be terminated.

}

3.3 Fuzzy Inference

Direct superimpose matching is not appropriate due to
the imperfect 2D electrophoresis technique. 2D gel patterns
usually present various kinds of transformations such as dis-
tortion, translation and the variation of protein properties.
An adaptive decision method is essential to examine and
conclude the similarity measure from the above-mentioned
spot pair features. We decide to applying the fuzzy infer-
ence to develop our comparative framework. By transfer-
ring the crisp relation into fuzzy relation. Using fuzzy rela-
tion to compare satellite spots is more suitable.

Due to the difference in every local area, we use a styl-
ized membership function. The feature of the spots in the
standard gel image is de£ned as f s and the feature of the
spots in relative gel image is de£ned as f r. Let the function
be:

R(fSa→Rb
n ) = e

−[
(f
Sa
n −f

Rb
n )

2σ2 ]2 (3)

where R denotes the membership function and σ denotes
the variance of the feature fn between spots. The MRST
algorithm utilizes this fuzzy inference system to compute
the relations of every spots whether it is the neighbor of the
center spot. With three different features, we calculate three

Figure 4. Result of fractional matching.

different relations for these features and obtain the weighted
average value [21]. The total relation Rtotal is de£ned as:

Rtotal =
ωf1

·Rf1
+ ωf2

·Rf2
+ ωf1

·Rf3

3
(4)

wfi is the weight of the corresponding feature. Finally, we
can choose the maximum relationship from the spot pairs
and proceed to the next comparison procedure. This algo-
rithm will be process recursively until all of the spot pairs
produced by the Gabriel matching is completed. Through
this process, we will £nd all similar spot pairs between two
gel images. We will also label the matched spots corre-
sponding to their relative spots and their matching area. As
shown in Fig. 4, the left window displays the source image
to be matched, the square on the right-hand side indicates
the matched area in a large scale gel image. If no com-
plete fractional match were available, this algorithm could
present the possible match point pairs with corresponding
matching labels as shown in Fig. 5. As we can observe in
Fig 5, each spot in the rectangle area has two labels indi-
cating the mapping relation between the standard (target)
pattern and the corresponding spot label of the test pattern.
The left label indicates the spot number in the target gel
image. The right label followed by arrow sign denotes the
matched spot label in the source (test) image.

4 Simulation Results

We have implemented the proposed 2DGE images anal-
ysis system, and demonstrated the results of gel match-
ing (global matching and fractional matching) in this sec-
tion. We have obtained 15 gel images (1498 x 1544)
from the Animal Technology Institute Taiwan (ATIT) as
the test images. We utilized them to construct the exper-
iment data set. The data set contains totally 225 gel im-
ages as illustrated in the following: 15 original gel images
(1498 x 1544), 135 fractional gel images composed from



Figure 5. Relation of pattern mapping be-
tween two similar fractional gel images.

different sizes of fractional images (1000x1000, 900x900,
800x800,700x700, 600x600, 500x500, 400x400, 300x300
and 200x200) chopped randomly from each of 15 original
gel images, and 75 rotated images: (1) 45 gel images ob-
tained from the original gel images by rotating in 90◦, 180◦,
and 270◦ degrees, respectively, and (2) 30 gel images ob-
tained from the original gel images by ¤ipping horizontally
and vertically, respectively. We have done two categories of
experiments by using the data set as following:

• Fractional Matching: using various size of fractional
image samples (135 images) to perform searching in
the original gel images (15 images) and see if the pro-
posed method can £nd the correct match.

• Spots Registration: using the rotated samples (75 im-
ages) to match the original gel images (15 images) and
see if the proposed algorithm can £nd the correct reg-
istration without rotating the samples in a priori.

In order to obtain better performance, we tried to adjust two
parameters - level of ’opening’ and protein size threshold
through extensive computer simulations. The ’opening’ pa-
rameter ranges from 1 to 30, and the protein size threshold
is between 0 and 1000. If the gel protein spots intensity in
gel image is blurred, we must adjust the parameters to be
low enough to retain the small protein spots for matching.
On the other hand, if the image background is over-stained,
we need to adjust the parameters as high as possible in order

to delete the noise. The performance of fractional matching
is raised to 94% after the adjustment. The detail results is
shown in Table 1. In order to simulate the situations of input
images rotation, reverse, and translation, we have tested 75
different modi£ed gel images with 5 situations as shown in
Table 2 . The ratio of correct matching is about 80%.

Table 1. The results of fractional matching of
different size of images with adapted param-
eters.

Correct Matching Ratio
Original Images 100 %

1000x1000 100 %
900x900 100 %
800x800 100 %
700x700 100 %
600x600 100 %
500x500 100 %
400x400 100 %
300x300 86.7 %
200x200 53.3 %
Overall 94 %

Table 2. The result of registration for different
rotation situations.

Correct Registration Ratio
Rotated 90◦ 80 %

Rotated 180◦ 80 %
Rotated 270◦ 80 %

Horizontal Reversal 86.7 %
Vertical Reversal 73.3 %

Overall 80 %

To further con£rm the capability of fractional matching,
we have also used the rotated fractional gel images and to
perform searching in the original large scale gel images (15
images) and see if the proposed method can £nd the correct
match. One of the results is demonstrated in Fig. 6 where
one fractional standard gel image of size of 200x200 is ro-
tated or ¤ipped into £ve images with different conditions
(rotated in 90◦, 180◦, 270◦, ¤ip horizontally ,and vertically)
and these fractional images are shown on the left hand side
in Fig. 6. By applying these six small images, we tried to
search in the original large size 2D gel images and see if
the proposed system can £nd exact match. The location of
correct matching is identi£ed in the rectangle on the right
hand side of Fig. 6.



Figure 6. Result of fractional matching and
allocation processing.

5 Conclusion

In this paper, we focused on the issues of fractional
matching and relocation for the small fraction pattern in the
large scale of 2D gel images. We have developed a fast,
accurate and content-based image matching method Maxi-
mum Relation Spanning Tree (MRST). By using this algo-
rithm, we can easily allocate the protein spots for the frac-
tional images or warp images, and match the original gel
images. After all, we can constitute the gel images and pro-
tein spots information into the database for further inves-
tigation. The proposed system archives up to 94% correct
matching in large scale gel image searching scenarios. Most
importantly, the proposed MRST matching algorithm does
not require neither the landmarks manually set nor a prior
information of gel image alignment.
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