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ABSTRACT

The 2-dimensional electrophoresis technique is
very powerful to determine the composition of a
biological sample. The complexity of the image
produced by this process needs the use of a
computerized system.

The purpose of this paper is to describe a
system, called MELANIE, with which the user can
process the image of a 2-dimensional
electophoresis gel, separate and quantify the
different proteins and compare semi-
automatically two different pictures. The
algorithms involved in the different steps of
the process are discussed.

RESUME

bi-dimensionnelle est une
technique tres efficace pour déterminer Ila
composition en protéines d'une substance
biologique. La complexité de 1'image produite
exige le recours 2 un systeme informatique.

Le but de cet article est de décrire un systéme,
appelé MELANIE, qui permet 2 l'utilisateur de
trafter l1'image d'une électrophoreése
bi-dimensionnelle, de séparer et de quantifier
les différentes protéines et de comparer
semi-automatiquement deux images différentes.
Les algorithmes mis en oeuvre dans les
différentes étapes du traitement sont présentés.
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I. INTRODUCTION

[.1 Objectives

The 2-dimensional electrophoresis technique
is very powerful to separate complex mix-
tures of proteins. It is estimated that it
is possible to separate 19,000 proteins on a
single gel (1) (2). Because of this large
number, the only practical solution for
using 2-dimensional electrophoresis is
through a computerized system. The main
tasks of the system are

I.2

- image digitization,

- noise reduction or elimination,

- spot detection or separation,

- normalization and standardization.

Programs have been developed at the Univer-
sity of Geneva which constitute the first
part of a large project called MELANIE
(Medical ELectrophoresis ANalysis Interac-
tive Expert-system). These programs are
intended for image processing and medical
diagnosis and are based on Artificial Intel-
ligence methods. This research project is
multidisciplinary and 1involves groups of
researchers in medicine and 1in computer
science (at the University of Geneva), in
biochemistry (at the Federal Polytechnic
Institute in Ziirich) and in computer science
(at NIH-Bethesda, Maryland, USA). The wide
range of activities in this domain, in par-
ticular the work of Harrington et al. (3)
and of Wiederkehr and Vonderschmitt (4),
confirms the present interest in adapting
the 2-dimensional electrophoresis technique
to a clinical environment and of developing
a new diagnostic tool.

This paper describes only the image-

processing section of MELANIE.

Main problems in the processing of

two-dimensional electrophoresis images

The aim of processing 2-dimensional
electrophoresis images 1is the detection of
spots and their characterization by their
coordinates and the density of protein they
contain.

The biochemical technique of electrophoresis
produces images that are not of high quality
and which contain a lot of noise. This noise
is of three types

- background noise,
- horizontal and vertical streaks,
- "noise" superimposed on spots.

On the one hand, the 1image-processing
program must compensate for these noises
and, on the other hand, must have ¢the

following qualities in order to be used in
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II.

II.
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1

an operational environment

(a) display of all the significant
spots,
(b) fast processing,

(c) portability.

TWO EXISTING SYSTEMS

In the field of computerized spot detection
in electrophoresis images, one can cite two
important works : TYCHO (5) and ELSIE (6).

TYCHO

The TYCHO system runs on a PDP-11/60 using
an AP-120B array processor. The purpose of
the system is

- background subtraction,

- spot detection,

- Gaussian spot modelling,
matching and comparison.

pattern

TYCHO is based on a Gaussian model of the
spots. This method has many good qualities,
but it 1is not adapted to our needs; also
the execution time is too long and the
qualitative aspect of the original image is

" not preserved.

2

The general approach adapted for
eliminating the background noise and the
streaks is to find the minimum element in

some selected region surrounding each image
pixel. The regions are vertical and
horizontal line segments, which are used to
scan the image in x and y directions. This
method allows background noise and streaks
to be removed. Unfortunately, despite the
use of an array processor, the CPU time
necessary to process an image is much too
long to be used for an interactive system
such as MELANIE. For this reason, only the
general method of background and streaks
subtraction was retained, but this is
implemented in MELANIE in another form.

ELSIE

The ELSIE system, developed by M. Miller on
a VAX-11/750, is a sophisticated and
complex set of programs, which perform a
large number of operations on 2-dimensional
electrophoresis images. Among them we can
mention

- spot detection,
- density measurements,
- image comparison.

52

III.

III.1

II1.2

The algorithm 'used to detect the spots is
based on the principle that a point p
belongs to a spot if the following
condition is satisfied :

J(p) = Z F(x,y) * G(x,y) <8
P
where : F is a second degree function of

two variables;

G is the discrete
describing the image;

P is a square region centered on
the point p;

S < 0 is a predefined limit.

function

ELSIE offers the user a very powerful tool

for detection and comparison of spots.
However, it has some 1inconvenient
properties
- the total number of operations is too
large,
- small spots are not always detected,
- the use of a third-degree function to
approximate the background noise
introduces some imperfections (bad
limit conditions, lack of precision
to approximate small differences,
etc.).
MELANIX - THE IMAGE PROCESSING PART OF
MELANIE

Introduction

Collaborating with Dr. Miller's group
allowed us to benefit from previous work
done in the processing of 2-dimensional
electrophoresis images. We have based our
developments on the existing ELSIE system,
but we have implemented new algorithms for
noise subtraction and for spot detection.
Moreover, we have augmented the range of
image display options by adding to the
common 2D pictures in grey levels or in
false colors, a pseudo-3D representation,
for which the wuser can interactively
define or modify the parameters (see Fig.
3 and following figures).

MELANIX
MELANIX is the image-processing subsystem
of MELANIE, and it executes the following

sequence of operations

- background and streak subtraction,

- noise on spot reduction,

- detection and separation
spots,

of the
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- computation of the surface of spots
and of protein density.

In addition to this basic set of
operations, MELANIX offers the wuser
various display options : grey levels,
pseudo-colors, 2D representations and
pseudo-3D representations (see
illustrations). To produce the pseudo-3D
representation, and in order to emphasize
the details without loosing the global
view of the 1image, we consider the
2-dimensional gel as a projection of a
three-dimensional picture with the values
of the pixels representing the third
dimension.

An algorithm to remove the hidden lines
gives the picture a better quality and
makes the small spots easier to visualize
and to detect.

Below are the detailed descriptions of the
four phases of image-processing.

II1.2.1 Background and streak subtraction

The basic idea used in the TYCHO system
for background and streak subtraction is
improved in MELANIX to give better results
and run faster.

The method consists of the following
steps:

1) Determining a horizontal segment of n
pixels length centered on a given pixel
plisz ).

2) The minimum value over the segment is
placed in a matrix at the position
(i,3).

3) Steps 1 and 2 are repeated for every
pixel of the gel.

At the end of the process we have a matrix
of the same resolution as the image. In
order to avoid fuzziness at the edges of
the streaks, we determine the maximum
values over the matrix using the same
method as explained above. Finally, the
matrix represents the value of the
background noise and the horizontal
streaks. We subtract this matrix from the
image.

The same process is performed vertically.
Figures 3 to 8 illustrate the different
steps of this process.

In order to reduce the CPU time necessary
to execute the algorithms of background
and streak subtraction, the points of the
overlapping segment are organized in a

Ve(x.,y.)
i’

G(X.,Y.) = (G(X.
1]

binary-tree. This structure allows a very
fast determination of the minimum (or
maximum) value. When the segment is
shifted to the adjacent pixel (vertically
or horizontally), the extraction of the
outgoing pixel and the insertion of the
incoming one is easily achieved. A great
amount of time can be saved using this
method .

An option in the system allows the user to
eliminate the background noise without
suppressing the streaks. This is done by
considering a segment which is diagonal to
the picture. This 1is an interesting
possibility, because the streaks are
produced by proteins which may be
significant in certain cases and we want
to keep them visible.

III.2.2 Noise on spot elimination

This step consists mainly in the
elimination of the noise local to a spot.
This is donme by the following smoothing
algorithm.

Given a function F(X,Y), this function is
"smooth" if its Laplacian equals zero or

v S Sk , D&,

ox? ov?

Thus we compute the Laplacian of the
discrete function G(X,Y), describing the
gel, at each point (Xj,Yj) and by
using the Gauss-Seidel method we compute
its solutions.

= ZG(Xi,Yj) = G(Xi+l’Yj) = G(Xi_l,Yj)

+ 26(X.,Y.) - G(X,,Y. ) - G(X.,Y. )

1773 177 3+1 1’73-1

Y?c(xi,Yj) = 460X, - 6(Xp Y0 = 6Ky YD)
- G(Xi’Yj+1) ~ G(Xi,Yj_l) =0

By factorisation

1+1,YJ.) = G(Xi_I,Yj)

- G(Xi,Yj+1) - G(Xi’Yj+1))/4

G(Xi,Yj) is then taken as the new
value of the point (Xj,Y;). This 1is in
fact the mean of the four neighboring
points of the point (Xi,Yj). This 1is
done for all the points of the original
image and it produces the smoothed image.
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min {-VG(p) -L

I1I1.2.3 Spot detection and separation

Once the image 1is processed for noise
subtraction, one has to detect and
separate the spots in order to give the
user a synthetic view of the gel and to be
able to perform the computation of the
protein density for each spot.

The algorithms implemented in MELANIX for
spot detection and separation are
completely different from those used in
TYCHO or ELSIE. They are based on the
following concepts

(1) the Laplacian of that function is
positive at it's peak;

(2) the minimum value of the second
derivative with respect to x and y
is negative on the boundary of the
edges of a spot or in the region
separating two very close spots.

A point p belongs to a spot 1if the
following condition is satisfied

'r)zc(p) - %a(p) _
Dy? dy?

where L, R and C are positive constants.

cF>0

II1.2.4 Computation of the surface of the spots

= 54 =
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Figure 1. An electrophoresis image. 3 ':. " ' ' ' '&g
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Figure 2. The-image of fig. 1 after the
detection and separation of spots. -

Figure 3. A pseudo-3D representation of
the digitized original image.

Figure 4. The value of the background
noise and the streaks in the
x direction.
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Figure 5. The image after the subtraction

of the background noise and of
the streaks in the x direction.

Figure 6. The value of the streaks in the

y direction.

Figure 7. The image after the subtraction

of the streaks in the y
direction.

The final image after noise and
streaks subtractions and after
smoothing (this is a pseudo-3D
representation of the image of
fig. 2)



