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Microarray Image Processing: Current Status
and Future Directions

C

OMPLEMENTARY DNA microarray imaging is considered an important tool and powerful technology for
large-scale gene sequence and gene expression analysis. DNA
microarrays represent a technological intersection between
biology and computers that enables gene expression analysis
in human on a genome-wide scale. In general, thousands of
gene-specific probes are arrayed on a small matrix, such as a
glass slide or microchip, and this matrix is probed with labeled
nucleic acid synthesized from a tissue type, development
stage, or other condition of interest. The expression profiles
of thousands of genes under that condition can, thus, be
assayed simultaneously [14]. In particular, this technique is
now considered a powerful tool for studying the genetic basis
of complex diseases.
The origin of this imaging technique was evolved from
Southern’s technique in the 1970s [1] and sparked in the last
decade. The microarray experiment produces thousand of genes
on a single slide, and all the genes can be globally viewed at
the same time. This provides a systematic and comprehensive
way to survey the DNA and RNA variations [2], which could
become a standard tool for both molecular biology research
and genomic clinical diagnosis, such as cancer diagnosis [3]
and [4] type 1 [6] and type 2 [6] diabetes diagnosis.
The DNA sequences are spotted on the slides. After further
image processing, gene expression data can be obtained for further analysis, such as gene clustering or identification. Cluster
analysis can identify the genes that are regulated in a similar
manner under a number of experimented conditions. DNA arrays can also be used to characterize the cellular differences
between different tissue types, such as between normal cells
and cancer cells, or between cancers with different responses
to treatment, or between control cells and cells treated with a
particular drug.
The data drawn from a DNA chip are mainly fluorescent images organized into a matrix of spots, whose intensity is propotional to specific, site-dependent, DNA hybridization. One of
the major advantages of this technique is the parallelism of the
process. Hence, with just one experiment it is possible to collect
a large number of the relevant data necessary for the genomic
analysis. However, one of the major challenges of this approach
is the image processing phase. The purpose of this phase is to
extract each spotted DNA sequence as well as to obtain background estimates and quality measures. The accuracy of this
phase has substantial impact on the accuracy and effectiveness
on the subsequent gene expression and identification analysis.
Hence, image processing techniques are becoming fundamental
elements in this process in order to speed up and enhance the accuracy of extracting the information contained in these images.
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The processing of the microarray images can be separated
into three sequential steps, namely, gridding, segmentation,
and intensity extraction, while segmentation is supposed to
be the most important step. Over the last few years, a few
commercial and freeware softwares have been developed, such
as ScanAlyze [7], GenePix [8], and QuantArray [9]. These
softwares use either simple segmentation methods or advanced
methods such as watershed [10], [11] and seeded region
growing [12], [13] to recognize and extract the gene intensity.
But the problems still exist for processing poor quality images,
such as noisy and weak spot images. Advanced technologies
are also required to obtain new high-quality gene expression
methodologies [14].
Some of the major areas of investigation and future challenges that can be tailored for future research directions in
this emerging area are the development of new and advanced
intelligent image processing techniques for both eliminating
the noise sources inherent in the DNA microarray process and
also the development of tailor-made image processing methodologies for speeding up the real-time diagnosis and implementation procedures of the next generation of system-on-a-chip
devices. These can also target the provision of compatible
networking structures for these systems to link these systems,
for example, with existing powerful grid computers for future
chronic disease management. These can ultimately provide a
new generation of diagnostic systems that can help to unlock
the unknown patterns of complex diseases and their molecular
phenotypes and allow rapid and responsive treatment mechanisms for these diseases.
In this special issue, we have selected six papers to address
some of these challenges in enhanced imaging processing techniques and the new methodologies addressed above. In the first
paper, O’Neill et al. discuss an image reconstruction technique
to eliminate the noise sources in microarray images. The paper
proposes an processing technique that can take a mask of the artifact and then recreate the image of the noise. Subsequently, this
noise image is subtracted from the original image to leave the
remaining signal. The genes can then be calculated in a normal
fashion by measuring the intensity of the remaining pixels of
each gene. This technique can reduce the noise dramatically.
The first paper by X. H. Wang et al. discusses an image enhancing technique by denoising using stationary wavelet transform. This technique can overall eliminate the random noise to
improve the quality of gene expression data. For poor-quality
image arrays, X. H. Wang et al. present a new spot recognition
method based on wavelet modulus maxima. It is well known
that wavelet transform has the ability to recognize the discontinuities and edges of the images, and is very sensitive to the
weak signal. The methodology presented in this paper allows
the enhanced recognition of invisible spots and can identify the
correct size. The technique of third dye array visualization is
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presented by Xujing Wang et al. to improve the quality of microarray imaging data. The technique presented in this paper
enables direct prehybridization of the printed array. One of the
significant advantages of this technique is that the spot intensities on the fluorescein image are reflective of the amount of
solid surface-bound probe. The fluorescein image offers much
greater homogeneity in spot signal intensity. Furthermore, the
third dye prehybridization image also provides a criterion for
judging which coordinates should contain signal information
after hybridization, as only those that have spotted materials
on them should be considered a candidate for data acquisition.
The paper by Katzer et al. describes image processing method
for automatic spotted microarray image analysis. The paper describes a Markov random field based approach to high-level grid
segmentation. This robust approach is applied to several images
to validate the methodology used. The last paper, by Bozinov
et al., presents a Java-based software technique to provide an
enhanced access methodology for remote users of mircoarray
imaging technologies.
In conclusion, I hope you will find this issue interesting and
useful. I also hope that this topic will be a major research area
that can span multidisciplinary domains and provide a synergy
between future topics in bioinformation engineering and e-med
systems.

ROBERT S. H. ISTEPANIAN
School of Computing and
Information Systems
Mobile Information and
Network Technologies Centre
Kingston University
London, U.K.
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