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ABSTRACT

This paper addresses the detection of protein spots in pro-
teomics images. A novel level set approach is proposed,
which is capable of separating spots belonging to multi-
plets. The proposed approach copes with the presence of
noise and the inhomogeneous background, which are major
issues in proteomics image analysis. It has been experimen-
tally compared with a recently published method for spot
detection. The results of the experiments performed indicate
that the previously proposed method tends to falsely iden-
tify multiplets as singlets, whereas the proposed approach
succeeds in spot separation.

1 INTRODUCTION

sults emerging from the analysis of 2-D PAGE images
the presence of noise, dust particles, fingerpricitacks in
the surface and other artefacts such as streakgthat are
not related to proteins. The main challenges of PAGE
image analysis are: the inhomogeneity of image dpacid,
the presence of noise and the existence of ovénmigygpots.

The detection of overlapping spots has recentlyvdra
the researchers’ attention. This trend is motivéigdhe fact
that a large part of the proteins in a gel tenblelong to dou-
blets, triplets or multiplets, which are spot céustconsisting
of two, three or multiple proteins, respectively. Most false
estimations on the presence or absence of spaois faten
the erroneous interpretation of such spot clustehnsreas the
challenge is to detect individual proteins. An epéamof a
2D-PAGE image area containing spot clusters istiiied in
Fig.1.

he genomics revolution was only the beginning of an
enormous metamorphosis of life sciences. The aisalys
of the proteome has provoked even more radical

changes in biological research. Most biologicakfions are
carried out by proteins that interact with eacheothithin a
complex biological system. The proteome is defimsda
protein complement in a specific cell, tissue ogamism.
However, it is more complicated than the genomeesia
gene may encode a number of different proteinstier
words, genes are just the instructions for makinggins
whereas proteins make life.

Proteomics are mainly applied in medicine for disea

treatment, as well as for drug discovery by analyziossi-
ble protein alterations. For instance, the protepofea can-
cerous and a benign cell are different. The preté#iat are
missing in the benign cell can be targets for eatieer
drugs. Thus, protein separation is a major pgorateomics.
The most widely used method for protein separason
two-dimensional polyacrylamide gel electrophore§sD
PAGE) [1-3]. The 2-D PAGE process involves the @irot
separation by two different physical propertieg thoelec-
tric point in the first dimension and the molecubaight in
the second. This method can easily detect anyatitias in
charge and mass due to the fact that it is highlikely for
two different proteins to resolve to the same jmsiin both
dimensions. Moreover, it allows the identificatioh thou-
sands of proteins with computer assisted softwargrams.
2-D PAGE results in grey level images illustratitig
separated proteins as dark spots on a bright bawhkdror
vice versa. Common unwanted factors that influgheere-
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Figure 1 — Complex region containing overlappingtsp

Most common approaches to spot detection include wa

tersheds [5-6], stepwise thresholding [7] and molqdy [8-

9]. However, watersheds commonly require inner e1@rko
as to confront the issue of over-segmentation [Migreas
stepwise thresholding and morphology fail in thesence of
artefacts and noise [11]. In addition, they falslgntify

doublets or triplets as singlets.

Level set approaches [12-13], which have been affic
ciously used in image analysis, appear well-suite@D-
PAGE spot detection. They are topologically adaptda-
cilitating contour merging or splitting, so that lple
boundaries can be detected. In addition, regiorédsvel
set approaches, such as [13], are capable of ibetetijects
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defined_by weak e(_j_ges, like _protein spots. F_inahy,y can _[U1(X,Y)(1— H (4, (x, y)))dxdy
be relatively insensitive to noise by involvingagtal opera- c(4) =2
tors, which provide an inherent noise filtering imaaism. 1A I(l_ H (¢, (x, y)))dxdy
This work introduces a level set approach for teed o
g?gp%];ggj Igp;)lgrg\;iﬂaip;plgg Z&?;nosﬁlozn_%fp ﬁgigiggﬂgn whereH is the Heaviside function. To start with, the camt
without edges model, originally proposed by Chad Wase is initialized and _at ea(_:h time step, the averageground
[13], and enables the detection of individual pretén spot @nd background intensities are updated. By keepjngnd'
clusters. ¢, fixed, and minimizingF with respect tof;, the associ-
The rest of this paper is organised as followstie ~ated Euler-Lagrange equation féy is deduced. Parameter-
and 3 describe the Active Contour without Edgesehadd  izing the descent direction by an artificial tine: O, ¢ is
the proposed approach respectively. Section 4 mieshe determined by solving the following equation:
obtained results on real 2-D PAGE images and fin&kc-

4

tion 5 summarizes the conclusions of this study. % =5 () [u- div(vzl) T SO I Y (TR £ Y
\ 1
()
2. ACTIVE CONTOUR WITHOUT EDGES where t e (0,0),(x,y)eQ and J is the one-dimensional

The active contour without edges model is basecthen Dirac function. The contour evolves according to. E)
Mumford-Shah functional [14]. The segmentation ofim- ~ guided by the average foreground and backgrourehsint
age U, Q > R, wherell is a bounded open subset Bf tl_es. I.n a 2D-PAGE image, the average protem fipen-

; . . C sity differs from the one of the background. Théwaccon-
with a0 its boundary, is formulated as a minimization prob

lem: we seek for the infimum of the energy funciibn tour without edge's model is capgble of detectlmgamer-
RN nal spot boundaries, however fails to separatelayping
F(c .0 ,0): protein spots.

F(c1 ¢y, C) = u-length(C)
+4 Jluoy)—cf 2 dxdy _ o
inside(C) A novel level set approach is proposed, aiminguercome
s _[lU (xy)—c P dxd the limitations of the active contour without edgesdel.
AP Y~ y The contour is initialized and evolves by iteraljvsolving
OukeIde(C) Eqg. (5), until it converges to the external bouretaof the
protein spots. Average intensiti€§ and ¢, are iteratively
estimated by Eqg. (3) and (4) respectively. The Itesnb-
'tained after contour’'s convergence provide theaatuter-
nal boundaries of the spot regions. Contour eaiufiro-
ceeds on the inside of the already identified spgibns and
is guided byc; and ¢, , which are estimated by the follow-
ing equations:

) 3.  PROPOSED LEVEL SET APPROACH

where C(s):[01] - R? is a piecewise parameterized curve
¢, andc, represent the average intensitiesipfin the fore-
ground and in the background respectively and petens
«>0 and /7,4 >0 are weights for the regularizing term
and the fitting terms, respectively. This modelsude level
set formulation [12], where the cun@ c Q is represented
implicitly by the zero level set of a Lipschitz fttion

¢,:Q — R, such that: [u, (%, Y)H (8, (x, y))dxay
¢i(g,) =2 ©)
[H (@, (x, y))dxay
C={(xY) eQ:4(xy) =0}, o
inside(C) ={(x,y) € Q:4; (x,y) >0}, )
outside(C) ={(x,y) € 2:¢,(x,y) <0} Ju, (,Y)@—H (8, (x, y)))dxdy @

C, () =#

o _ [ @=H (g, (x, y)))dxdy
The average intensities in the foreground (inside t o

contour) and in the background (outside the coitoiirand
¢, are considered for all the pixels in the respectegions

. where ¢, , is the new zero level set function ang is the
and are estimated by:

sub-image ofu, for which ¢ > 0. The sub-imagel, con-

J.Ul(x, y)H (4, (x, y))dxdy sists EJf all singlets or multiplets. T'he averagmmlgitiescg

c(4) =2 (3) andc, correspond to the slightly different intensitytdisu-

L _[H (4,(x, y))dxdy tions of the individual spots, which were initiallyeing
Q
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grouped withinc, in cases of overlap. Contour evolution
proceeds until convergence, when each individuatepr
spot is identified, even if it belongs to a spoistér.

4, RESULTS

The experimental evaluation of the proposed appraac
cluded its application on real 2-D PAGE imageswall as
on two standard gels used for spot detection aisadysl gel
matching studies which can be downloaded for fi& [The
2-D PAGE images were quantized at 8-bit gray |elegith,
whereas the algorithm has been implemented in kiatla
and executed on a 3.2 GHz Intel Pentium workstatiBa-
rameters/;, 4 >0 andl were set to 1, 1 and 0.01 respec-
tively [16]. Figure 2 illustrates a typical 2-D PAGmage
which has been inverted so that the average prefeinin-
tensity is higher than the one of the background. Figure 3 — Segmentation results obtained by thi&veaaiontour
Figure 3 illustrates segmentation results obtaimedne ~ Without edges model on the 2-D PAGE image of Figure

application of the active contour without edges elah the

2-D PAGE of Figure 2. Although the contour has tifexd
the external boundaries of the overlapping spdbreyy it has
failed to separate the overlapping spots. On timraxy, the
proposed approach effectively separates the detaild-
images a, b and c of Figure 3, as can be seewgime-#.
Figure 5 depicts a part of a standard 2-D PAGE enag
(@) (b)

used in spot detection where the average protahisfen-
sity is lower than the one of the background [BFajur image
regions associated with multiplets are marked aith This
image has been used by Tsakanikas et al. [17]derao @ )

evaluate their method. The detection results obtalvy ap-
plying this method are illustrated in Figure 6. 0 O

(©

Figure 4 — Detection results obtained by the pregagpproach on
the 2-D PAGE image of Figure 3.

P

fe
Figure 2 — Part of a 2-D PAGE containing white giospots. '.‘ E 3 -
AR d-

Figure 5 — Part of a standard 2-D PAGE image coimgiblack

protein spotsFour regions associated with multiplets are marked

with a-d.
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Figures 7(a-d) illustrate the detailed sub-imagesec
sponding to the multiplets marked with a-d in FgFigures
7(a-dy) illustrate the corresponding sub-images of th
ground truth. Figures 7{al,) illustrate the detection results
obtained by the application of the method of Tséamet al.
[17] on each multiplet, whereas Fig. #@h) illustrate the
detection results obtained by the proposed approacthe
same multiplets. Considering the ground truths évident in
Fig. 7(a-d,) that the multiplets are identified by the method
of Tsakanikas et al. as singlets. On the contitig,clear in
Fig. 7(a-ds) that the proposed approach is capable of separ
ing multiple overlapping protein spots and thus) ba inte-
grated within a segmentation framework.

pu)

i) 8

Figure 6 — Detection results obtained by the adiwetour without
edges model on the 2-D PAGE image of Fig. 5 by disiidas et al.
[17].
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Figure 7 — (a-d) Detailed sub-images of Figureabd{) Detailed
sub-images of the ground truth,-(8) Detection results obtained by
Tsakanikas et al. [17] in cases of multiplets;d@ Detection results
obtained by the proposed approach in cases ofpiatdti

e

al

5. CONCLUSIONS

In this paper, a novel level set approach for joiies image
analysis is proposed. The proposed approach endides
separation of protein spots which belong to muétgl The
experimental results demonstrate that it outperfoanre-
cently published proteomics image analysis methbd. [
Future perspectives of this work involve the enleament of
the contour initialization process, as well as eixpental
comparisons with renowned proteomics image anabgfis
ware, such as PDQuest and Progenesis [18].
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