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Fig.1: Two blocks of a typical microarray image consist of 24x24 spots
each one.

|. INTRODUCTION - . . .
Gridding and spot finding is crucial for making accurate

DNA microarray technology provides simple andexpression measurements, due to their importance into all
— effective gene expression analysis [1]. During thgyhsequent steps. Common problems that have to be
biological experiment, the two mRNA samples 10 bgqgressed are (i) the variations of block and spot positions,
compared are reverse transcribed into cDNA. Thou_san(_js(gj the spot shape, which is not perfectly circular (iii) the
known genes are printed on a glass slide by a robotic printggistence of non-expressed spots that have zero intensity (iv)
The cDNA samples, labeled with two difference fluorescengyst or other contamination on the slide generates artefacts
dyes, are hybridized with the known genes at the same tif}ehe image.
The most common dyes for tagging mRNA are the red according to the user interference, gridding methods can
fluorescent dye Cy5 (emission in the 630-660 nm) and th@ gjvided into three main categories: (i) manual, (i) semi-
green-fluorescent dye Cy3 (emission in the 510-550 nm) [Zytomated, and (jii) automated. Various techniques have
The DNA microarray is scanned in both wave 1engths ifeen developed at the end of the previous decade like
order to generate two grayscale images. The level @lenepix [4] and Scanalyse [5] which require inputs from the
intensity of every spot represents the amount of samplger, Due to the need for automated processing several
hybridized with the ~corresponding gene. A typicahpproaches have been proposed. Some of them process the
microarray image is shown in Fig.1. _ vertical and horizontal projections of the image and generate
Due to the abundance of experimental data, techniques figles in the image according to the valleys of the 1-D signal
automated processing and analysis of microarray images ]. Morphological operators [9] and smoothing filtering
required. The processing of microarray images [3], usualfyo] have been used for this purpose. Other methods
consists of the following steps: (i) gridding and spot finding, eprocess the image with an initial segmentation and assign
which is the process of assigning the location of each spolifs centers of the objects in the image. Towards the last
the image, (ii) segmentation, which is the process @ihproach, histogram based segmentation methods [11] and
grouping the pixels with similar features (this step results ¥mplate matching techniques [12-14] are combined with

the separation of foreground and background pixels), (iraph models [7] or other techniques taking into account the
intensity extraction, which calculates red and gree8ymmetries of the microarray image.

foreground intensity pairs and background intensities. Manual and semi automated methods require user’s

intervention. However, most of the proposed automated
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projections respectively, these points are used to split the
image into blocks.

C. Spot Finding
The purpose of this step is to find and remove the objects
that are generated from contaminations on the microarray
slide, in order to obtain the best grid. For this task, each spot
is ranked in rows and columns depending on its coordinates.
The coordinates of each spot are compared with the mean
value of the row and the column coordinate where Hg.4: Interpolation of non-expressed spots
belongs. A spot is characterized as an outlier [15], and thus

it is removed, if the coordinates of its centre satisfy the This process is realized in both rows and columns. We
following criteria: repeat the process of outlier detection in order to remove

X, < mean(X,)— 2stddev(X,) spots not corrc_actly located. The coordinates of these spots
, (4) are replaced with the mean values of the row and the column
X, >mean(X,) +2stddev(X; ) coordinate where they belong.

Yo <mean(Y,) = 2stddev(t,) (5)  E. Voronoi Diagram
Y, > mean(Y,) +2stddev(Y,) '
After the detection of the centres of all spots in each

where X, , Y, are the (_:entre coordinates to be_ examined a'Bﬂ)ck, we mark an area (cell) around each spot. For this task,
X;, Y, are the coordinates of the centres in the row aRge apply a Voronoi diagram [16] on each block using as

column whereX, , Y, belong. vertices the centres of each spot (Fig.5). The Voronoi cell of
a centre is the set of points that are closer to this centre than
D. Non-Expressed Spot Finding any other center of block. In this way, the Voronoi diagram

An important step in microarray gridding is to find theprovides a solution for the variations of the spot positions. In
positions of non-expressed spots. This is required for teder to restrict the Voronoi diagram to the correct borders,
reduction of the number of missing values of the microarrawo rows and columns were added, to be considered as the
data. In order to deal with the non-expressed spots, we fibgirders of the block.
assign the four corners of the block. If a corner-spot is a non-
expressed spot, we replace it with a spot, having as row and
column coordinates the mean values of row and column
coordinates where it belongs.

Then, the distances of neighbour spots are calculated in
both directions. The median values of the distances in both
directions are also calculated. We prefer the median value
and not the mean value since it provides a better
approximation of the distance between two expressed spots.

After that, the method finds the distances that are higher than
the median distance and interpolates the appropriate number
of missing spot#, according to:

N = round (- =X) y g 6)
median(d, )
where x,, and x; are two neighbour spots andi the

distance of neighbour spots. The coordinates of the non-
expressed spots are:

Fig. 5: Voronoi diagram

I1l. DATASET AND RESULTS

o =X +n(med|an(dxl )) () In order to evaluate our method, we randomly choose 5
and images from the Stanford Microarray Database (SMD) [17].

. Every image has 9192 spots ranked in 16 blocks. Scanalyse
Yn :yi+n(med|an(dyl)). (8) [5] has been used for the annotation of the images. We

where n=12,...N. The above procedure is showncompared the centres of the spots that were allocated with

schematically in Fig. 4. the ones of the Scanalyze annotation. The distances between
the centres of the annotated and detected spots were
calculated in both vertical and horizontal direction. The
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histograms of the absolute distances are shown in fig.6. diagram.

It should be mentioned that gridding of the microarray
images is a relatively easy task. However, it is time
consuming and many different methods have been proposed
to assist the biologists in this direction. The proposed
method is advantageous since it is fully automated and
requires only a few user defined parameters. Also, it detects
effectively the non-expressed spots and is able to deal with
noisy images. The use of outlier detection in this approach is
advantageous, since artefacts which exist in the image are
removed effectively.

Fig. 6: Histograms of horizontal and vertical absolute distances between theFture work should focus on the evaluation of our method
centres of the annotated and detected spots. in a larger set of images in order to obtain a better estimation

In order to calculate the accuracy of our method we defifé 1tS performance. The segmentation step, which follows

the 2-D distance between the centres of the annotated ##g 9ridding of the image should be considered in order to
detected spots, to be the maximum of the horizontal and #fVelop an integrated system for microarray image analysis.

vertical distance:
d,y =max(d, d, ),
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9 M
where d, and d, are the distances in the horizontal ang]

vertical direction for a spot. The mean and standard

deviation of the distribution of 2-D distances are calculatdg

for each image. We consider a spot detection as correct, if
its distance from the annotation is less than 5 pixels. Trpf]a
threshold was selected in order to consider a correct spmt
detection only if the centre detected by our method is insié@
the borders of the theoretical spot, which has a diameter ﬂf
10 pixels. With the above consideration, we can calculate tLe
accuracy of our method, defined as follows:

(8]
_ #of correctly detected spots

~ total #of spots in the image

(10)
(9]
Table | presents the mean and standard deviation of the
calculated distances as well as the accuracy for every im

under consideration. The overall values were also computed.
[11]
Table I: The experimental results obtained when evaluating our
method in a set of five images, acquired from the SMD.

Image Mean Std  Accuracy (%) [12]
Ic4b013rex2G  3.6388 1.3033 92.63 (13]
Ic4b013rex2R  3.9217 1.2949 91.53
Ic4b040rex2R  2.3338  2.0931 93.74 14
Ic4b057rex2R  3.4369 1.3151 92.63
Ic4b013rex2G  3.4794 1.2289 93.09

overall 3.3498 1.5897 92.73 [15]

[16]

IV. DISCUSSION

In the current work we presented a method for microarrayr]
image gridding. Our method consists of five steps. In the

first step the image is preprocessed using template matching.
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the third step, spot finding takes place. The non-expressed
spots are detected in the fourth step and finally, in the fifth
step gridding of the image is realized using a Voronoi
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