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Abstract. The paper addresses the over-saturated protein spot detection and extraction problem in
two-dimensional electrophoresis gel images. The effective technique for detection and reconstruc-
tion of over-saturated protein spots is proposed. The paper presents: an algorithm of the median
filter mask adaptation for initial filtering of gel image; the models of over-saturation used for gel
image analysis; several models of protein spots used for reconstruction; technique of the auto-
matic over-saturated protein spot search and reconstruction. Experimental investigation confirms
that proposed search technique lets to find up to 96% of over-saturated protein spots. Moreover
the proposed flexible protein spot shape models for reconstruction are faster and more accurate in
comparison to the flexible diffusion model.
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1. Introduction

The health state of living organisms has a strong mutual dependency with proteins and
their change in time. In proteomics, process of two-dimensional electrophoresis (2DE) is
used for protein separation in the gel according to their isoelectric point (pI) and molecu-
lar mass (MM). This enables the experts (specially trained physicians and bioengineers)
to analyse health state of the patient (Iwadate, 2008; Lopez and Bermudez-Crespo, 2007).
The detected changes of the proteins in the samples, used for 2DE, make it possible to
determine the influence of the applied medical treatment to the patient after some period
of time. An automated protein spot detection and parametrisation is able to help the ex-
pert to make comparisons of two different 2DE gels (2DEG) easier and quickly identify
the type and amount of changed proteins. Number of 2DEG analysis systems (Goldfarb,
2007; Srinark and Kambhamettu, 2008) uses image processing techniques for protein
spot detection and parametrisation in the scanned gel images (see Fig. 1). Though the
fully automatic protein spot detection and parametrisation is still not possible.

The 2DEG analysis systems are not able to deal with specific protein spot distortions
found in the gel images. The over-saturated protein spots prevent proper segmentation of
the 2DEG images. Automatic detection and reconstruction of the over-saturated protein
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Fig. 1. An example of two-dimensional electrophoresis gel image.

spots is impossible using available protein analysis software. Usually the expensive 2DE
procedure has to be repeated.

About 10,000 various proteins may appear in one 2DE gel of size 40x30 cm. Anal-
ysis and comparison of such gels is complicated and time consuming. Automatic 2DEG
analysis systems can be made by combining computer performance and modern digital
image processing techniques (Sutiene ef al., 2010). The result of 2DE process has to be
scanned with high sensitivity scanner for the further image analysis. Various artifacts,
donuts, scratches are often present in 2DEG images. In most cases for the same sample
it is not possible to have several 2DEG due to expensivity of the ingredients used. The
image processing techniques, applied for the scanned gel, has to be flexible and tunable
to cope with the influence of the all distortions present in the image (Wu et al., 2009).

Number of software tools for 2DEG image analysis is powerful and precise for de-
tection and parametrisation of the undistorted protein spots. Because of the unavoid-
able distortions, present in the 2DEG images, those programs works in semiautomatic
mode (Campostrini et al., 2004; Pietrogrande et al., 2003). To fully automate the
2DEG image analysis process, the new methods for distorted protein spot analysis has
to be developed (Serackis, 2008).

Here we present the new technique for the search and reconstruction of over-saturated
protein spots in 2DEG images. Firstly we discuss main preprocessing steps needed to
be taken. Then we introduce two mathematical models for search and other models for
reconstruction of over-saturated protein spots. Later we in details present developed tech-
nique for treatment of over-saturated protein spots. Finally, results of experimental study
of newly technique are shown and discussed.

2. Preprocessing of the 2D Electrophoresis Gel Images

Protein spots in 2DEG images has to be detected and parametrised. For parametrisation
of the protein spots the 2DEG images are segmented into regions having one possible
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protein spot in each. Most widely used 2DEG image segmentation technique is based on
regional minima search and watershed transformation (MatuzevicCius and Navakauskas,
2005).

Each scanned 2DEG image has an individual intensity level of background, consisting
of high intensity pixels surrounding proteins spots. The minor change of background
intensities brings no useful information about protein spots and may complicate the gel
image segmentation procedure. The simplest solution for the background extraction is
the threshold filtering, succesfully used in various applications.

The noise is also always present in the 2DEG images. Background extraction tech-
niques are not able to remove noise influence to the protein spots and speckles in the back-
ground. The noise in 2DEG images can be filtered using local or double threshold func-
tion (Matuzevicius and Navakauskas, 2005). The low and high frequency noise picked up
by image scanner could be filtered using low-pass and high-pass two-dimensional filters.
The protein spots with similar frequency characteristics could be filtered, too. The most
popular for such noise cancellation in 2DEG images are linear averaging (Grigaitis et al.,
2007) or nonlinear median filter of size (2k + 1) x (2] 4 1):

IF(iI,jI; M) = median {I(il—k,jl—l)a “e 7I(i17j1)7 e aI(i1+k,j1+l)} s (1)

here M — median filter mask; (i1, j1) — indices of the image matrix; k and [ determine the
size of filter mask and usually k& = .

The size of the filter mask has to be properly chosen. Too large size filter mask may
lead to the overlapping of neighbouring protein spots in 2DEG image, e.g., for image
with resolution 2165x 1375 pixels, filter mask of size 24 x24 pixels gives the overlap of
neighbouring protein spots. Experimental investigation confirmed that the filter mask size
has to be chosen twice larger than the noise element to be filtered.

In the proposed treatment technique the size of median filter mask for 2DEG image
can be chosen using one of the two ways:

e by the analysis of mean-square error resulting from the application of median filter

with different sizes of mask;

e by the image analysis that estimates the size of the biggest noise element in the

image.

In the first case, the mean-square error is computed using cross-validation method
(Reeves, 1995). This way of filter mask selection is suitable for comparison of several
2DEG images when the set of already detected protein spots is known.

During visual analysis of 2DEG images (cf. Fig. 1) one can notice the noise, which
results in peaks of intensities with high gradient change. Those features are not typical
for protein spots and have to be filtered as high frequency noise in the image.

The filter mask selection requires an algorithm for detection of high frequency noise
elements in 2DEG image. The shape analysis of noise elements gives possibility to choose
a filter mask of size twice larger than the highest noise element detected. The new algo-
rithm, based on analysis of image gradient changes, for filter mask size estimation is
proposed (Fig. 2).
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Fig. 2. The algorithm for the selection of median filter mask size.

The analysis of the 2DEG image is performed only on intensities of the pixels, thus
no colour information has to be detected and stored after input of an image.

The changes of the pixel intensities among axes of isoelectric point, x1 and molecular
mass, yy are analysed by the use of gradient function:

01 01
VI = A + - 2)

The aim of proposed algorithm is to detect sharp intensity changes — not typical for
the protein spots. The application of gradient function for the image I returns matrix
of the same size as the image. During the estimation of gradient matrix, the changes
of pixel intensities result in positive and negative values, dependent on the direction of
computation. For further analysis absolute values of gradient matrix are considered. The
analysis of two-dimensional gradient matrix is performed. This matrix is estimated by
multiplication of two gradient functions: VI, and VI,. The sharp changes of intensities
are expressed by gradient matrix elements with extremely high values.

The illustration of the contours of sharpest elements in gradient matrix is shown in
Fig. 3. If the noise elements are in shape of ellipse, the contour of the artifact shape is
closed. The area of the largest noise element is computed and chosen as the basis for the
selection of filter mask size.
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(a) Initial 2DEG image view (b) Gradient matrix view

Fig. 3. Ilustration of filter mask selection procedure.

As it is shown in Fig. 3(b), the contours of the sharp protein spots are also noticeable
in the gradient matrix view. However the gradient values of such contours are lower com-
paring to the contours of noise elements. The threshold for elimination of sharp protein
spots from further analysis has to be chosen.

Mostly the sharp noise elements appear in cylindrical shape and the contour of such
shape is approximate circle. The size of the noise element is computed as the diameter of
the circle:

dir = 27/ S/, (3)

here S, — the area of the largest noise element in the image.

After the application of the threshold function to the gradient matrix the centre of
the noise element disappears, see Fig. 3(b). The additional morphological operations are
applied to remove empty areas within the contour of noise elements.

The elimination of artifacts in more complex shapes is still not solved in the analysis
of 2DEG images. Various image analysis techniques, proposed in the literature (Guzaitis
and Verikas, 2008). There are many recommendations for proper 2DE gel drying and
handling to eliminate possible dust marks and scratches in the gel. If such artifacts still
appear in the 2DEG images, the expensive experiment has to be repeated.

3. Models of Over-Saturated Protein Spots

The over-saturation of the spots are also observed in micro-array images (Ekstrom et al.,
2004; Kim et al., 2007; Ridgway and Godsill, 2006). Several shape models are proposed
in literature for spot modelling in micro-array images: cylindrical, symmetrical Gaussian
shape model, two Gaussian shapes difference model and hyperbolic polynomial model.



414 A. Serackis, D. Navakauskas

The shape model for over-saturated gene spot in micro-array image is expressed as a
difference of two Gaussian shapes:

s (Is — c)?
()

here I; — Euclidean distance to the centre of the spot; s — scale factor, s € [0, 1]; o1 and
o9 — the standard deviation for the first and second shape in the equation respectively.

This over-saturated gene spot shape model is easily adopted for non-saturated spot
modelling by setting the scale factor s = 0. Comparing it to the symmetrical Gaussian
shape model, the over-saturated spot shape model adds two additional parameters: scale
factor s and standard deviation o,. The over-saturation distortion is modelled by intro-
ducing an inverted Gaussian shape to the model. Such shape also can be used for the
search of over-saturation in 2DEG image.

Over-saturated protein spot distortion model based on Gaussian function — Gaussian
protein over-saturation model, used for cross-correlation as matrix with indices = and y,
is expressed:

Sxa(@,y) = ﬁexp ( %) exp ( %—Z));) 5)

here c. (e, y.) — centre of the protein spot; o2 — variance; m — scale factor, m € [0, 1].

Over-saturated protein spot distortion model based on Mexican Hat shape — Mexican
Hat protein over-saturation model, used for cross-correlation as matrix with indices x
and y, is expressed:

sin(y/22 + y?)

here m — scale factor, m € [0, 1].

In order to reconstruct the over-saturated protein spot shape, flexible mathematical
models has to be used. The shape models for saturated protein spots have to be: (1) flex-
ible to match undistorted and saturated protein spots; (2) able to acquire protein spots
of varying size; (3) able to deal with asymmetric protein spots; (4) resistant to the non-
protein spots, i.e., by giving bad approximation results. According to the stated require-
ments four protein spot shape models for reconstruction were proposed and in the fol-
lowing presented.

Anisotropic Bell spot shape model, used for parametrisation of protein spot in
2DEG image segment with indices of the image pixels set by = and y, is expressed:

(6)

SMS(xay) =m

I, 1
1+|%|2qx 1+ |yl*yc|2qy7
x y

Sovr(z,y) = B+ (7)
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here B — background intensity of the 2DEG image; I — intensity of the spot; I5(Ix, ly) —
distance to the centre of the spot; ¢« and g, — inclination of the spot shape slope;
¢e(Ze, yc) — centre of the protein spot.

Four splines spot shape model, used for parametrisation of protein spot in 2DEG im-

age segment with indices of the imag

Sis(x,y) =B+ 1 Sg - Sw

0,
2(x — ay)?

SE (xc - bx - ax)Q7

e pixels set by z and y, is expressed:
: SN . SS7
for z < a;

for ax < x < (ax + e — bx)/2;

B 2 c_bx_ 2
¢ Ux T Ux
1, for x > x. — by;
L, for z. + cx < & < dy;
2 c &x T 2
e ford <2 < ()
S = c x — Ux
W 2(x — dy)?
Goto—d)y ot eete)/2<z <zt
1, for & > ¢ + cy;
0, for y < ay;
2(y — ay)?
s ﬁ for ay <y < (ay +ye = by)/2;
N = c y y
2yc_b _y2
—mvf0r<ay+yc—by)/2<y<yc—by;
e~ by —ay
L, fory>yc_by§
L, for y < dy;
2yc+c —y2
S. _ﬁ7 fordy<y<(dy+yc+cy)/2§
g = c y2 y
2(y —d
ﬁ’ for (dy +ye +¢y)/2 <y < ye +cy3
cT Cy — dy
0, for y > y. + ¢y,

(8a)

(8b)

(80

(8d)

(8e)

here B — background intensity of the 2DEG image; I — intensity of the spot; ay, ay, dy
and dy, — parameters forming the bottom part of the shape; by, by, cx and ¢, — parameters

forming the top of the shape.

Four Gaussian functions spot shape model, used for parametrisation of protein spot
in 2DEG image segment with indices of the image pixels set by = and y, is expressed:

(y —ye1)® | = (Y — Ye2)?
X {5}, exp < _2031 +dy - exp _20}2]2 ,

_ 2 o _ 2
Sia(z,y) = B+ I {5,( - exp (M) + Oy - exp <(x—$;2)>]
—20% —20%9

C))
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here B — background intensity of the 2DEG image; yc1, Yc2, Tc1, Lc2 — centre points for
Gaussian functions; I — intensity of the spot; 02,
Gaussian functions; the threshold functions to form the shape: x = 1, when z < x;
dy =1, when y < ye.

Three Gaussian functions model is a partial case of the four Gaussian functions
model and is obtained by the use of one variance and single centre point for the Gaus-
sian function along isoelectric point axis (we skip its presentation in order to save

space).

2 2 2 :
0%2,0y1 and oy, — variance of the

4. Technique for Detection and Reconstruction of Over-Saturated Protein Spots

The proposed technique for detection and reconstruction of the over-saturated protein
spots in 2DEG images consists of five stages:

1. Preprocessing of the 2DEG image.

Creation of the over-saturated protein spot models.

Detection of the over-saturated protein spots in 2DEG image.
Extraction of the image segments with protein spot distortions.
Reconstruction of the over-saturated protein spots.

A

Detection of the over-saturated protein spots is performed in five steps: (1) creation
of distortion examples; (2) computation of the cross-correlation between the distortion
example and 2DEG image; (3) analysis of the correlation matrix; (4) marking of the
distorted segments; (5) revision of the results.

The examples of protein spot distortions are created using over-saturation model and
scale multiplier m, in order to create several examples of distortions varying in size.
The detection of the over-saturation is performed applying the cross-correlation of the
2DEG image and the over-saturation models. Image regions similar to the modelled over-
saturation of the protein spot gives regional maxima in cross-correlation matrix. The
regions with the cross-correlation values above defined threshold are marked as over-
saturated protein spots and the reconstruction of the protein spots is performed. Two
types of models were suggested for over-saturation search in the 2DEG images; Eqs. (5)
and (6).

After detection of the over-saturated protein spot, the reconstruction — shape restora-
tion — of the protein spot has to be performed in order to improve proper image
segmentation and protein spot detection in 2DEG image. The position of the protein
spot in 2DEG image makes possible to identify the protein according to the values
of isoelectric point and molecular mass. Therefore the proper reconstruction of the
over-saturated protein spot is essential. The new protein spot shape model, combined
from three Gaussian shapes is chosen for reconstruction of the over-saturated protein
spot.

The new algorithm for over-saturated protein spots reconstruction is proposed and
presented in Fig. 4. The algorithm is adapted to the selected three Gaussian protein spot
shape model. The reconstruction of the over-saturated protein spots is performed during
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Fig. 4. Over-saturated protein spot reconstruction operation flow.

four main steps: (1) contour detection of the over-saturated protein spot; (2) computation
of the spot centre; (3) selection of the analysis regions for reconstruction model parame-
ters estimation; (4) reconstruction of the protein spot. To adjust reconstruction algorithm
for other protein spot shape models, proposed in this paper, 3rd and 4th steps has to be
modified.

The input data for reconstruction algorithm is filtered segment of 2DEG image Iy
with one over-saturated protein spot.

At the first stage of the over-saturated protein spot reconstruction algorithm the con-
tour of over-saturation is estimated. The disjunctive boundary ks between the distorted
part and the rest part of the spot shape is created. The contour kg in the filtered image
region I is estimated using watershed transformation based algorithm; for the example
see Fig. 5(a).

All the pixels in the segmented region are marked by identification number. The re-
gion pixels values are changed to 1 and all other pixels are set to the value of 0. The
received binary image is additionally processed using morphological erosion and dilation
to leave the contour pixels surrounding segmented region of the over-saturated spot; see
Fig. 5(b).

Each concave in the image has its own local minima I,y ,; cf. Fig. 5(c). We assume
that the centre of the over-saturated protein spot is the highest intensity regional minima
found: Ihnin = max{Imin,1, Imin,2; - - 5 Lmin,n }; cf. Fig. 5(d). Frequently there are sev-
eral regional minima with intensity value of I,,,;;, in one image segment. To select a point
as a centre of the region the additional morphological operations has to be performed.
The centre of mass for set of regional minima is estimated and selected as the regional
minima I, of the image segment.

The centre of the spot also can be found by fitting an ellipse to the contour of the over-
saturated spot p(z,y). Ellipse fitting procedures are frequently used in image analysis
tasks (Treigys et al., 2008). The ellipse fitting error is computed by the use of least squares
algorithm by searching the ellipse parameter vector a. The distance between the ellipse
points and the contour vector is minimised:

N

D(a) = F(pi,a)’, (10)

i=1

here F'(p;, a) — distance function between pixel array p = (22 2y y? = y 1)* and ellipse
parameters vectora = (a bcd e f)T.
The parameters of ellipse are related to the pixel coordinates by equation:

az? +by? + cxy +de +ey+ f =0. 11
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(a) Initial segmentation (b) Contour of over-saturated spot

(c) All regional minima (d) Single local minima

Fig. 5. Illustration of the over-saturated protein spot reconstruction superimposing original image with interme-
diate results.

Reconstruction of the protein spot is done by the use of the protein spot shape model.
The three Gaussian shape based protein spot model is used. Varying variance of Gaussian
function forms a shape similar to the protein spot. Different variance values are used to
form an asymmetric protein shape among the axis indicating the molecular mass value.
The symmetrical Gaussian shape is used to form the shape of protein spot among the
perpendicular axis.

The application of the protein spot shape model requires the shape slope gradient
changes to be similar or equal to the gradient changes of protein spot slope. The pa-
rameters of the model are computed according to the four regions of the protein spot
slope. The model is fitted by minimising the differences between slopes of the protein
spot and spot shape model (see Fig. 6), used for reconstruction. Additionally the initial
values for protein spot model parameters: initial centre ¢(z., y.), 01, o2 and o3) has to
be set.
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Fig. 6. Three-dimensional view of the over-saturated protein spot before and after the reconstruction.

5. Results of Experimental Study

The experimental investigation of the proposed technique is performed in two stages.
Gaussian and Mexican Hat based shape models are compared for over-saturated protein
spot search at first stage. The models are used to create a set of protein spot over-saturation
examples. The examples are used as a mask for two-dimensional cross-correlation per-
formed on 2DEG images. The results of over-saturated protein spot search using two
different shape models are compared. The over-saturation model with fewer incorrect
results is selected. At the second stage of the experimental investigation, the reconstruc-
tion of over-saturated protein spots is performed. Protein spot reconstruction algorithm is
tested on real scanned gel images and synthetic over-saturated protein spots.

The 2DEG images used for experimental investigation are taken from various pro-
teomic databases with open access. All collected images are classified into two classes:
2DEG images with more than three and 2DEG images with one, two or three over-
saturated spots.

The size of the protein spot over-saturation example depends on the resolution of the
selected image. The resolution of the analysed 2DEG images is 606x463 pixels. The
size of the biggest example used for two-dimensional cross-correlation is 60x60 pix-
els. Four examples for each model were created by the use of scale factor with values
m =1, 0.7, 0.5 and 0.3 (the resulting matrices were of size 42x42, 30x30 and 18 x18).

During over-saturated protein spot search the cross-correlation matrix R.,,, ,, for each
model is received. For current set of 2DEG images threshold value of dr = 0.7 is selected
to extract the regional maxima in the cross-correlation matrix. The extracted maxima
are defining possible locations of the over-saturated protein spots — the 2DEG image
segments similar to the modelled by the Gaussian or Mexican Hat model.

The results of the over-saturated protein spot search are shown by drawing the rectan-
gular in the image regions with possible over-saturations (see Fig. 7). The most expected
regions are marked with several rectangular due to higher values in each cross-correlation
matrix received.
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Fig. 7. Over-saturated protein spot search results using different models: (a, b) — Gaussian; (c, d) — Mexican
Hat.

The experimental investigation of the over-saturation search in 2DEG images, per-
formed using two types of artifact models, showed that using Mexican Hat model, from
15% to 25% of identified image regions were not marked as a over-saturated protein
spot by the expert in the first class of 2DEG images (see Fig. 7(c)). For the second
class of images, the Mexican Hat model gives from 18% to 28% incorrect results (see
Fig. 7(d)). This model gave 3-5 times less wrong over-saturated spots found in 2DEG im-
ages comparing to Gaussian shape over-saturation model: from 78% to 96% incorrect
results for the first class (see Fig. 7(a)) and from 75% to 85% for the second set (see
Fig. 7(b)).

The experimental investigation of over-saturated protein spot reconstruction was per-
formed on 883 spot set. 240 spots were selected from original scanned 2DEG images and
other — synthetic spots (used to compute the quality of spot reconstruction). Two different
protein spot shape models and fitting algorithms were used for comparison: Anisotropic
Gaussian and Three Gaussian functions.
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Table 1

Reconstruction results of the over-saturated spots

Algorithm  Intensity Volume
Mean Deviation Mean  Deviation
2 Gaussian  2.22 +18.68 17.12 4231
—7.96 —3.95
3 Gaussian ~ 2.23 +18.69 16.55 +2.33
—7.96 —4.04
Table 2

Results of approximation residual error

Shape model ~ Type of the protein spot

Saturated Big-size Small-size

Mean  Std. Dev. Mean  Std. Dev. Mean  Std. Dev.
Diffusion 2.300 1.850 1.170 1.270 1.160 1.020
Bell 2.030 1.740 1.050 1.190 0.992 0.829
4 Gaussian 2.270  1.960 0.811 0.839 0.824 0.753
4 Splines 2.730 1.970 1.440 1.020 1.530 0.922

Table 3
Results of relative processing time

Shape model  Type of the protein spot

Saturated Big-size Small-size

Mean  Std. Dev. Mean  Std. Dev. Mean  Std. Dev.
Diffusion 1.000  0.000 1.000 0.000 1.000  0.000
Bell 0.169 0.103 0.118 0.069 0.126  0.149
4 Gaussian 0.111  0.073 0.068 0.038 0.057 0.024
4 Splines 0.351  0.280 0.170  0.130 0.175 0.111

421

The results of the experiments are shown in Table 1. The use of three Gaussian func-
tions protein spot shape model increases precision of the reconstruction, but not sig-
nificantly (0.6%). The reconstruction of the over-saturated protein spots adds 2.23% of
intensity and 16.55% of spot shape volume at an average.

Other protein spot shape models are also available for reconstruction. The additional
experimental investigation was performed to compare the average model fitting time and
precision of proposed protein shape models for the saturated protein spots.

The experimental investigation of the protein spot models was made comparing to the
Diffusion model (Bettens ef al., 1997). 84 natural protein spots were selected, dividing
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those into three groups:

e over-saturated protein spots (Ig > 160);

e big-size protein spots (/g > 160);

e small-size protein spots (I; < 100).

The results of model fitting are shown in Table 2. In the Table 3 results of the protein
spot model relative fitting time are shown.

The use of four Gaussian functions model gives the shortest protein spot processing
time and fits best for undistorted protein spots.

6. Conclusions

In the paper the new technique for treatment of over-saturated protein spots in 2DEG
images are presented. From 75% to 96% of over-saturated protein spots can be found by
the use of proposed two distortion models. The erroneous over-saturations found during
experimental investigation showed the imperfection of the Gaussian distortion model.
The proposed Mexican Hat model reduces the amount of erroneous results by 3—5 times.

Anisotropic Gaussian and three Gaussian functions spot shape models were used in
proposed spot reconstruction technique. The accuracy of reconstruction was verified by
experimental investigation performed on synthetic protein spots. Proposed technique re-
stores 2.23% of the spot intensity and 16.55% in average of the spot volume during re-
construction.

Three additional flexible protein spot shape models were proposed. The comparison
to the flexible Diffusion model showed such advantages of the proposed models: shorter
spot shape fitting time and reduced approximation residual error.
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Persisotinusiu baltymu pédsaku apdorojimas dvimateés elektroforezées
geliu vaizduose

Artiiras SERACKIS, Dalius NAVAKAUSKAS

Straipsnyje nagrinéjama baltymu pédsaku atpaZinimo ir parametrizavimo problema dvimatés
elektroforezés geliy vaizduose. Pristatomas naujas biidas baltymuy persisotinimams dvimatés elek-
troforezés geliy vaizduose aptikti ir rekonstruoti. Siiloma paieskos ir rekonstravimo buda sudaro
keli etapai: gelio vaizdo paruoSimas taikant nauja medianos filtro kaukés dydzio parinkimo al-
goritma, baltymuy persisotinimy paieska taikant autoriy sitilomus iSkraipymu modelius, automati-
nis persisotinusio baltymy pédsako i§skyrimas ir rekonstravimas. Straipsnyje pateikti eksperimen-
tinio tyrimo rezultatai irodo, kad sitilomas biidas leidZia atpaZinti iki 96% baltymuy persisotinimy
geliy vaizduose taikant viena i§ dvieju autoriy sitilomy iSkraipymu modeliy. Baltymu persisotinimy
rekonstravimui straipsnyje sitilomi nauji baltymy pédsaku modeliai, gebantys tiksliau ir spar¢iau
atstatyti baltymo pédsako forma nei alternatyvusis difuzinis modelis.



