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Review Article

Abstract

Gene expression is the conversion of DNA into
messenger RNA (mRNA), which are translated into
proteins that perform critical functions of the cells.
Microarray is a high-throughput technique for
studying global gene expression profiling.
Microarray mainly works based on the principle of
hybridization. Two major types of microarray chips
are cDNA arrays and Oligonucleotide arrays. The
principle, methodology, types and applications of
microarrays are discussed in this review.  Apart  from
studying  gene expression, microarrays are also used
in studying Single Nucleotide Polymorphisms
(SNPs), DNA methylation, micro RNA, copy number
variations, etc. in the genome. Though there is a recent
boom and excitement in genomic analysis using Next
Generation Sequencing (NGS) methods and studying
the whole genome expression profiling using
RNAseq, it is difficult to substitute the microarrays in
terms of diverse applications and cost effectiveness
of the latter.
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Gene Expression – An Outline

Gene expression is the term used to describe the
conversion of DNA into messenger RNA (mRNA)
molecules, which are translated into proteins that
perform critical functions of the cells. Gene expression
is a tightly regulated process, which act as both an
“on/off” switch that results in increase or decrease
in the expression of certain genes. Scientists study

the amount of mRNA produced by a cell at a given
point to learn which genes are expressed or
suppressed, that in turn can act as gene expression
signature or a biomarker.

The methods used for studying gene expression
are Northern blotting [1], Reverse-Transcriptase PCR
(RT-PCR) [2], Differential Display RT-PCR [3], Serial
analysis of gene expression (SAGE) [4] Real-time
Quantitative PCR [5,6], etc. Such techniques were
limited only to examine few genes at a time.

Microarrays
Microarray is a high-throughput technique, which

helps in studying the expression of thousands of
genes at a time. Microarray otherwise called Gene
chip or DNA chip consists of a small membrane or
glass slide containing sequences of thousands of
genes spotted in a uniform pattern. The microarray
spots can be DNA, cDNA or synthetic oligonuleotides.
Initially microarray was developed to study the
differential gene expression but refinement of the
technique led to detect copy number imbalances and
gene amplification in DNA [7], Single Nucleotide
Polymorphisms (SNPs), mutation detection and
methylation profile etc [8,9,10].

A microarray works by the ability of a given mRNA
molecule from the sample, which can hybridize to
the complementary DNA sequence. Each single-
stranded DNA sequence is made up of four different
nucleotides, adenine (A), thymine (T), guanine (G),
and cytosine (C) that are connected by
phosphodiester bond. Adenine is the complement of
thymine, and guanine is the complement of cytosine.
Therefore, the complementary sequence to C -T-A-G-
C-A will be G-A-T-C-G-T. When two complementary
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sequences find each other, such as the immobilized
target DNA and the mobile probe DNA, cDNA, or
mRNA, they will hybridize together [11]. By using an
array containing many DNA spots, Scientists unravel
the expression level of thousands of genes within a
cell by measuring the amount of mRNA bound to
each site on the array. With the help of a computer,
the amount of mRNA bound to the spots on the
microarray is precisely measured, generating a profile
of gene expression in the cell.

Types of Microarray Chips
Two main methods used to make microarrays are

cDNA arrays and oligonucleotide arrays. In cDNA
arrays, which are also called spotted arrays, the spots
are purified polymerase chain reaction products
generated from cDNA libraries or clone collections.
They are generally gene fragments greater than several
hundred base pairs long [12]. These probes are
deposited onto a solid surface in defined locations by
an xyz robot. Spot size in an array ranges from 80 to
150 µm in diameter and the array can contain 200 to
30,000 spots/genes in a chip. Gene sequences to be
arrayed are selected from several public databases,
which contain information on well-characterized
genes and expressed sequence tags (ESTs), which
represent genes of unknown function. In spotted
microarrays it is standard practice to compare the
gene expression of two biological samples on one chip.
The mRNA is prepared in such a way that the
expression of two different samples can be measured
simultaneously using a single chip. This method of
hybridization is called dual color labeling [13].

On the other hand, high density oligonucleotide
microarrays are constructed to an extremely high
density and accuracy using short synthetic
oligonucleotides with a length of between 20 and 25
nucleotides as the probes. Two leading companies
producing these high density arrays are Affymetrix
and Agilent Technologies. Especially the Affymetrix
Inc Genechips™ are produced by synthesizing tens
of thousands of short oligonucleotides in situ onto
glass wafers, one nucleotide at a time, using a
modification of semiconductor photolithography
technology [12].

Principle of Microarray Technology
In the case of cDNA microarrays, a reference sample

(normal tissue) is studied along with the experimental
sample (e.g. tumor sample). Both total and mRNA
can be used; Preparation of probe DNA usually
includes use of fluorescence dyes such as Cy3 (green
color) and Cy5 (red color). For example, one can use

Cy3 to label cDNA from normal cells and Cy5 for
tumor cells. For microarray experiment, 25μg of total
RNA or 5μg of mRNA from experimental and
reference samples are reverse transcribed to cDNAs,
which are labeled with different fluorescent dyes (Cy
dyes – Amersham Biosciences) and mixed. The
mixture is then hybridized overnight to the
microarray chip and scanned at two different
wavelengths. The bound cDNAs are detected using
laser scanner and the data is stored in a computer.
The intensities of the fluorescence are precisely
measured for each spot on the microarray and the
ratio of fluorescent intensity reveals the quantity of
RNA expressed by the experimental sample in
relation to the reference [14,15].

Each spot on an array is associated with a
particular gene. Depending on the type of array used,
the location and intensity of a color will tell us
whether the gene is present in either reference and/
or sample DNA. For example, GREEN spot represents
control DNA, where either DNA or cDNA derived
from normal tissue is hybridized to the target DNA.
RED represents tumor DNA, where either DNA or
cDNA derived from tumor tissue hybridized to the
target DNA. YELLOW represents a combination of
control and tumor DNA (GREEN + RED YELLOW),
where both hybridized equally to the target DNA.
BLACK represents areas where neither the control
nor tumor DNA hybridized to the target DNA [16].

Alternatively, the Affymetrix oligonucleotide
arrays uses a single color fluorescent label, where
experimental mRNA is enzymatically amplified,
biotin labeled for detection, hybridized to the wafer,
and detected through the binding of a fluorescent
compound (streptavidin-phycoerythrin) [17].
Affymetrix chips contain two types of probes, one
perfect match (PM) and another mismatch (MM) probe
to measure the gene expression. PM probes in the
array have a 25-mer sequence that exactly matches
with a gene sequence. MM probes are made in such a
way to have a single base mismatch at the binding of
a gene to a 25-mer sequence. The purpose of MM probe
in the array is to serve as a negative control for binding
of a gene sequence to a PM probe [18,19].

The main advantage of Affymetrix GeneChips is
their ability to measure the absolute expression of
genes in cells or tissues. Their disadvantage, in
addition to their higher costs, includes their current
inability to simultaneously compare, the degree of
expression of two related biological samples on the same
array. In addition, oligonucleotide-based microarrays
require a prior knowledge of the gene sequences and
complex computational manipulation to convert the
signals into an actual expression value [20].
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Advantages and Drawbacks of Spotted Arrays vs.
Oligonucleotide Arrays

Spotted arrays offer the advantage of studying the
expression analysis of two biological samples, such
as experimental sample and reference sample
simultaneously in a single array. In addition, it is
offered at a lower price and flexibility in design. This
direct comparison of expression profile of two
biological samples, such as untreated cells vs. treated
cells or normal tissue compared with a cancer tissue,
is an enormous advantage for any pair wise analysis.
Furthermore, because these arrays can be spotted with
thousands of expressed genes and ESTs of unknown
function, they offer the potential for the discovery of
new genes and defining their role in disease [20]. One
disadvantage of spotted arrays is that they provide
information only on the relative gene expression
between specific cells or tissue samples as opposed
to direct quantification of mRNA expression in the
case of oligonucleotide arrays.

Applications of Microarrays – An outline

Microarrays in Gene Expression Profiling
Microarrays are used in numerous studies in

different diseases including cancer. For an example:
through the seminal studies done by the Stanford
group using microarray analysis of breast cancer
enlightened the molecular subtypes of breast cancer
as luminal, normal breast-like, HER2 and basal-like
breast cancer based on gene expression pattern
[21,22]. The study of breast cancer using microarrays
undisputedly changed the perception of the disease
and the role of tumor heterogeneity in breast cancer
[23, 24].

Microarray also been Used in Other areas of Genomics
 Researchers can use SNP array technology to test

an individual for a disease expression pattern to
determine whether an individual is susceptible
to (at risk of developing) a particular disease or
not. Also, SNP array would help in personalized
treatment or pharmacogenomics [25].

 Microarray Comparative Genomic Hybridization
(CGH) can be used to analyze for genomic gains
and losses or for a change in the number of copies
of a particular gene involved in a disease state
[7, 25].

 A protein microarray (protein chip) is a
miniaturized assay system consisting of small
amounts of antibodies, proteins, protein
fragments or peptides.  Three types of protein

arrays are currently used to study the activities
of proteins: analytical microarrays, functional
microarrays and reverse phase microarrays
(RPA). Analytical microarrays are typically used
to profile a complex mixture of proteins in order
to measure binding affinity, specificity and
protein expression level in the mixture of proteins.
Functional protein arrays are mainly used to
study protein-protein, protein-lipid, protein-
DNA, protein-peptide and protein-drug
interactions to identify enzyme substrates and to
profile immune responses. RPAs are used for
studying the expression of a target protein in a
large number of biological samples [26,27].

 In CpG arrays, CG rich sequences derived from
human CpG is land genomic library are arrayed
onto solid supports. Amplicons derived from
pools of methylated CpG DNA are hybridized to
the arrays to detect the genomic DNA
methylation.  Stefansson et al identified the DNA
methylation based signatures associated basal-
like and luminal-B breast cancer subtypes [28].

 A microRNA (miRNA) microarray is used for
studying the expression of 1500 small noncoding
RNAs known as miRNA at a time. Thus, genome
wide analysis of miRNA expression signatures
between normal tissue samples and disease
samples, such as cancer can be distinguished to
use as a marker for diagnosis and prognosis [29].

Use of Gene Expression Data
Microarray datasets are freely accessible to the

public and these datasets can be viewed, downloaded
and reanalyzed to come out with a meaningful result.
The gene expression data are accessible through Gene
Expression Omnibus (GEO), a public repository at
the National Center for Biotechnology Information
(NCBI). The GEO database stores multiple data
submitted by scientific community.

Microarray datasets organized in different sections,
a platform (GPLxxx) defines the array template that
contain sequence identity tracking information, a
sample record (GSMxxx) containing the measured
hybridization data along with a description of
biological source, a series record (GSExxx) containing
experimentally related samples. The datasets are
retrieved and downloaded (CEL files) from GEO
database by keyword or accession number access (1).
BRB-Array tool integrated with data import wizard
that  import  raw CEL files and perform pre-processing
steps (filtering, normalization and computing probe-
set expression summaries) to process the raw data.
Class comparison Tool is used to identify
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differentially expressed Genes between two or more
experimental conditions. The output result provides
list of significant genes with annotation and links to
websites containing additional information. In
addition, BRB-Array tool directly evaluate differential
expression of Gene Ontology categories, Kegg
Pathway or Biocarta pathway [30,31].

Endnote
Though there is a recent boom and excitement in

genomic analysis using Next Generation Sequencing
(NGS) methods and studying the whole genome

expression profiling using RNA seq, it is difficult to
substitute the microarrays in terms of diverse
applications and cost effectiveness of the latter.

In near future, use of  DNA microarray will become
a part of routine laboratory diagnostics. Complete
SNP profile of individuals would be available in
database and the clinicians could access the database
before prescribing a drug to the patient. In this way,
conventional method of clinical diagnostics of a
disease coupled with comprehensive molecular level
of screening using microarray might  revolutionize
the disease diagnosis and foster the clinical decision
making process precisely for betterment of therapy.
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