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Abstract DNA microarray is a powerful tool and is widely used in genetics to monitor expression levels of thousands
of genes in parallel. The gene expression process consists of three stages: gridding, segmentation and quantification. Grid-
ding deals with finding areas in the microarray image which contain one spot using grid lines. This step can be done ma-
nually or automatically. In this paper, we propose an efficient and simple automatic gridding method for microarray image
analysis. This method was implemented using MATLAB software and found very effective for gridding arrays with low
intensity, poor quality spotsand tested by a number of microarray images. Results show that this method gives high accu-
racy of 76.9% improved to 98.6% when a preprocessing step is considered, rendering the method a promising technique for
an efficient and automatic gridding the noisy microarray images.
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1. Introduction

A DNA microarray is a powerful tool and is widely used
in many research areas. For biologists, genetic research,
understanding and diagnosis of cancer and many other
dangerous diseases, as well as discovering treatments of
diseases, are among the most interesting areas where DNA
microarray analysis may be extremely helpful[l]. Tradi-
tional methods in molecular biology generally work on one
gene on a one-experiment basis, which means that the
throughput is very limited and biologists can only be able to
do such genetic analysis on a few genes at a time. Microar-
ray technology makes it possible to measure the expression
level of thousands of genes in a biological sample rapidly
and efficiently on the slides[2].

A DNA microarray consists of a solid surface, onto
which DNA molecules have been chemically bounded. The
purpose of a microarray is to detect the presence and abun-
dance of labelled nucleic acids in a biological sample,
which will hybridize to the DNA on the array, and which
can be detected via the label. In the majority of microarray
experiments, the labelled nucleic acids are derived from the
mRNA of a sample or tissue. Typically, control and test
RNA samples are processed on the same array using two
different dye tagged probes (e.g., the red fluorescent dye
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Cy5 and green fluorescent dye Cy3)[2-4], and so the mi-
croarray measures gene expression.

The next step is to produce an image, where the microar-
ray is scanned by laser. By comparing the gene expression
level in normal and diseased cells, it is found that this tool
is really useful to identify diseased genes leading to accu-
rate production of a therapeutic drug for that disease[5].
This gene expression process consists of three steps:

1) Gridding:

This step seeks to find areas in the image which contain
one spot using grid lines, i.e. to assign each spot to an indi-
vidual compartment.

2) Segmentation:

This step seeks to classify each compartment in the im-
age into a foreground (spot) and a background area.

3) Quantification:

This step seeks to calculate the intensity value of each
spot.

Gridding is the most fundamental and important step in
the whole process of gene expression. There are various
levels of image processing algorithms, which require a cer-
tain level of user intervention for accurately gridding the
microarray images. Grid alignment techniques can be
viewed in terms of automation as manual, semiautomatic,
and fully automated[6].

Major work has been presented in microarray image
analysis. Roberto Hirata JR et al.[12] introduces a technique
using morphological operators to perform automatic grid-
ding procedures for sub grids and spots. Buhler et al.[13]
describes a semi-automatic system which mainly focuses on
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the problem of finding individual spot with high accuracy.
Jain et al.[14] describes a system for microarray gridding
and quantitative analysis that imposes different kinds of
restrictions on the print layout. This method requires the
rows and columns of all grids to be strictly aligned.

In manual grid alignment methods the user specifies the
dimensions of a grid template and the radius of each spot to
form the template. The advantage of this method is that one
could possibly obtain ‘perfect’ grid alignment by providing
human computer interface software tools that are built for
adjusting shape and location of each spot individually.
However, this approach is very time consuming and tedi-
ous[16].

The semiautomatic grid alignment approach can perform
grid alignment by means of a computer and also allows the
user to intervene in order to achieve correctness of gridding
results. The benefits of the semiautomatic grid alignment
method include reduction of human labour and time. Nev-
ertheless these methods might not suffice to meet require-
ments of high throughput of microarray image process-
ing[16].

The approach of fully automated grid alignment should
reliably identify all spots without any human intervention
based on a one-time human setup. In most cases, the chal-
lenge of designing fully automated gridding systems is to
identify all parameters that represent prior knowledge and
quantify constraints for those parameters. Typically these
systems are data-driven[12, 15].

An ideal image should only reflect measures of the fluo-
rescence intensities for the dye of interest[4], where, the
size and shape of the spots are perfectly circular and it is the
same for all the spots, the location of the grid is fixed in
images for a given type of slides, no dust or contamination
is on the slide, and there is minimal and uniform back-
ground intensity across the image.

However, in the real world, almost no real microarray
image meets all the above criteria. In fact, there are fre-
quently observed variations on the spot position, irregulari-
ties on the spot shape and size, contamination such as unde-
sired signals like photon noise, electronic noise, background
fluorescence and global problem that affect spots. For de-
tailed noise factor analysis, refer to Yoganand et al[17].
This makes image processing more challenging. Many al-
gorithms and a lot of software exist for processing and ana-
lyzing microarray images.

This paper presents a fully automatic gridding method
preceded by performing a noise removal step to overcome
the effect of noise on the microarray image before starting
the gridding process. The results are verified using a num-
ber of microarray images and are planned to produce a high
accuracy.

2. Material and Methods

The used microarray images are downloaded from the
Stanford Microarray database (SMD)[10], which stores raw
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and normalized data from microarray experiments, and pro-
vides web interfaces for researchers to retrieve, analyze and
visualize their data[11].
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The computing platform was an Intel(R) Core (TM) i5 —
2.27G.Hz processor. We used Matlab version 7.11.0.584
(R2010b) and its powerful “Image Processing Toolbox” for
data analysis and image processing[7].

Most of the microarray images consist of low-intensity
features that are not well distinguishable from the back-
ground, these problems lead to errors that propagate to all
stages of statistical analysis. So, we suggested a
pre-processing step to the microarray image to overcome
those problems.Finally, we presented the effect of the pro-
posed gridding method before and after pre-processingon
the results. Our method starts by cropping a chosen mi-
croarray sub-image then converting it to grayscale. Then,
we proposed the pre-processing step by applying histogram
equalization, to obtain high contrast between the foreground
(spots) and the background. But due to the high background
noise, we resorted to Wiener filtering to eliminate that
noise[7-9].

After that, we computed the mean horizontal profile
MH(y) of the image f (x, y) (dimensions X and Y, pixel x =
(%, y)), where,

1 x=X-1
MH)- * Z Fx9)- (1)
*=0

Then followed by autocorrelatingthat profile in order to
enhance it. From the peak values of the auto correlated pro-
file, we obtain the spot to spot estimated interval. The next
step in the enhancement of the mean horizontal profile was
to use a top-hat filter with a morphological flat, linear
structuring element of length equal to the obtained esti-
mated interval. The top-hat filter is defined as the difference
between an image and its opened version. It enhances the-
details that would otherwise be hidden in low contrast re-
gions[8].
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Figure 2. Color cropped microarray image

Next, we applied thresholding then labelling to the en-
hanced horizontal profile. Then we measured a set of pa-
rameters for each labelled region, so as to obtain the centres
of the peaks which correspond to the spot centres. Thus, we
could get the estimated spot centres and diameters. These
parameters were used to determine the locations of the ver-

tical grids and draw them on the image. Finally, we trans-
posed the image for only one time to get the horizontal
grids on the image, that’s by repeating the steps starting
from the computation of the mean vertical profile and end-
ing with drawing the horizontal grids on the image.

The flowchart of our proposed microarray spot gridding
algorithm is shown in Figure 1.

3. Results and Discussion

A sample cropped microarray image in colour format
with 676 spots and its grayscale equivalent is shown in Fig-
ure 2, and Figure 3. The results of the detailed steps of the
proposed method are shown in Figure 4, Figure 5, Figure 6,
Figure 7, Figure 8, and Figure 9, while the effect of apply-
ing the preprocessing step on that method is shown in Fig-
ure 10 and Figure 11. The algorithm was tested using a
number of microarray images available on Stanford Mi-
croarray Database (SMD), and it gave high accuracy results.
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Figure 3. Gray scale cropped microarray image
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Figure 9. Centers of spots on labeled horizontal profile
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Figure 10. Resulted image after preprocessing
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Figure 11. Resulted image without preprocessing

The accuracy[11] of this gridding method on a specified
input image, having n total spots, can be calculated as fol-
lows:

A= (Ilcorrect spots / Ntotal spots) *100 % (2)

Where, A is the gridding accuracy, ncorrect spots and ntotal
spots indicates the number of spots correctly gridded and the
total number of spots in the image respectively.

The comparison of the applied gridding algorithm with
and without passing the preprocessing step first is shown in
table (1).

Table 1. Accuracy Results

Gridding Accuracy %

Without Applying Preprocess-

Applying Preprocessing ing

0,
98.6% 76.9 %

From the above table, it is obvious that the proposed
method gives high accuracy result, when applying the
pre-processing step first. Also, the bad results of skipping
the pre-processing step are clear as the accuracy falls down
and this reflects the effectiveness of the pre-processing on
the microarray spot gridding process.

4. Conclusions

Microarrays provide biologists with the possibility to
monitor thousands of genomic sequences (e.g. genes) si-
multaneously. All of these collected data are measured by
means of image analysis. For that reason, image analysis is
an important phase of microarray data analysis. It is neces-
sary to decrease human intervention as much as possible, in
a way to disable complete repetition of the analysis, because
either the processing of biological samples of some kind is
very expensive or because these samples rarely exist. In this
work, we applied a fully automated statistically based grid-
ding method to noisy microarray image. To enhance the
microarray noisy images we proposed a pre-processing
noise removal technique, and the results obviously reflected
the impact of pre-processing the microarray image before
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gridding its spots, where it’s shown that this method gave
high accuracy.Finally, Microarray image analysis is a very
interesting research area and so our future work intended to
pursue the research about developing a new method of ex-
tracting the foreground (spot) from the background, en-
hancing the microarray image, and computing the intensity
value for each spot.
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