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Abstract: A new era has been started by discovering DNA microarray technologies in fields of genetics. In this
mini review article, the basic molecular methods and statistical analyses for DNA microarrays (DNA chips)
technologies have been reviewed. Types of commonly used microarrays, the target labeling for detecting and
quantifying of gene expression levels and approaches of DNA microarrays were described. Moreover, basic
image and statistical analyses of microarray data such as cluster analysis and a general linear model (GLM) were

also recited and summarized.
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INTRODUCTION

In a recent decade entire genome sequencirg of many
organisms such as human, mouse, farm animals (pig,
sheep, bovine and poultry) genomes have created the
need for high throughput analysis of gene expression
patterns. As a result, a new era has been started by
discovering DNA microarray technologies in the fields of
genetics.

DNA microarrays or so called DNA (gene) chips are
anew teclmology recently used in Human Genome Project
(HGP) as well as in other genomes to estimate mRNA or
gene expression levels in specific cells or tissue samples
for many genes at once. They also allow one can to
monitor the occurrence of polymorphisms in genomic
DNA. In other words, the basic assumption of the DNA
microarray 1s that RNA samples or targets are hybridized
to known c¢DNAs or oligo probes on the arrays
(Gerhold et al., 1999, www.microarraystation. com).

DNA array technologies: In this revolutionary
technology to functionally analyze genomes, single
stranded DNAs (ssDNA) for the genes under
investigation are immobilized and arranged in a regular
grid-like pattern therefore one can mvestigate a gene or
genes in question with thousands of different DNA
sequences immobilized at different positions on the
surface. DNA arrays are usually made up with a nylon
membrane, a glass or plastic slide and a quartz wafer
(Balding et al., 2003; Draghici, 2003).

Once mRNA is extracted from cells of interest, labeled
and hybridized to the array, genes showing different
levels of mRNA can be detected. Nevertheless, in this
molecular process target labeling by hybridizing with
probes plays a certain role in order for the ones to detect
expression levels of genes of interest or polymorphisms
in genomic DNA.

Labeling: Labeling is done for image visualization and
quantification purposes. In microarray technologies target
15 mainly labeled with radioactively and fluorescently.
Radioactive markers, such as P* are utilized in radicactive
labeling and mmage can be captured by a photo sensitive
device (e.g., radicautograph). On the other hand,
fluorescent dyes, such as phycoerythrin or water-soluable
Cyamne family (Cy3 and Cy5) are often used in
fluorescent labeling.

Figure 1 illustrates a brief explanation of fluorescent
labeling. Once mRNA 15 extracted from two different types
of cells (Cell A and B) mRNA of cell A is labeled Cy3 (in
green color) and mRNA of cell B is labeled Cy5 (in red
colar). Next, mRNA is hybridized to arrays. Eventually
color reading 1s performed based on hybridization. Each
spot on the array corresponds to a different gene. Tn other
words, the color of each spot on the array corresponds to
the relative concentration of mRNA for a particular gene
in two different cell types. Spots in green color on the
array ndicate that mRNA mainly comes from cell type A.
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Fig. 1: Fluorescent labeling i DNA  microarray

technologies

Similarly, spots in red color imply that mRINA mainly
comes from cell type B. Spots mn yellow or yellow-off
color, rather than clear green and red colors point that
mRNA is equally mixed from both cells.

In fluorescent labeling, image detection can be
performed based on signal mtensity at the matching
probe sites using two samples labeled with different
fluorescent dyes therefore detecting at two corresponding
wavelengths. Fluorescent pattern is captured by laser.
The intensity images are then scanned by a special
detector at a high resolution in order to display each
probe spot by many pixels (Shi, 2002; Balding et al., 2003).

Types of microarrays

Synthetic oligonucleotide arrays: They have also been
known as fabricated arrays or in situ synthesis. This
method includes a direct photochemical synthesizing of
oligonucleotide sequences (20-80 mer oligos) with probes
designed based on genomic sequence information on
slide, chip or membrane using photolithography during
array fabnication. These kinds of arrays do not require any
spotting, cloning and PCR processes (Lipshutz et al,
1999, 5Shi, 2002; Draghici, 2003).

¢DNA arrays: Unlike synthetic oligonucleotide arrays or
in situ synthesis, in this techmque, also known as spotted
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cDNA arrays, DNA is prepared away from the chip and
small sequences (0.5-5.0 kb) are used as a cDNA probe.
Basically, PCR products from clones of genes of interest
are spotted on a glass or a plastic slide using a robot
dipping thin pins into the solutions containing the desired
DNA material. Extracted cellular mRNA is reverse-
transcribed into ¢cDNAs for hybridization (Shi, 2002;
Draghici, 2003).

There are no basic advantages when to compare both
techniques. On the other hand, due to the fact that in situ
synthesis introduces less noise in DNA system therefore,
requiring less molecular genetics and analysis work in
addition to being cheaper than those of ¢cDNA arrays
(Shi, 2002; Draghici, 2003).

Applications to DNA microarrays: There are two main
application forms for DNA technologies, which are to
identify genes and gene mutations and to determine
expression levels of genes (Shu, 2002). Moreover, DNA
chips can be used as Variant Detector Arrays (VDASs) to
look for DNA sequences that differ by single nucleotide
polymorphisms (SNPs) (Carr, 2007). SNP chips are, a type
of microarray, designed with an array of user defined
oligonucleotides attached to the substrate to identify
genetic variants or differences in an individual (Shi, 2002;
McCann et al., 2007). DNA microarray technologies allow
SNPs to serve as genetic markers frequently abunded
along with chromosomes. Hundreds of different alleles
at different loci of SNPs can be tested and screened
simultaneously m the same experiment. Consequently,
one of the mam advantages of the SNP chip (DNA
microarrays) over traditional genotyping methods
{(microsatellites) requires smaller DNA samples and 1s
much faster (Gunmng and Behlke, 2007; Wallace et af.,
2007; http:/Awww.affymetrix.com). Currently, SNP chips
are commonly used in almost every eukoryatic genome
research studies (T.ee and Hossner, 2002; Cougburn 2003,
Kim et al., 2003; Hu et al., 2005; Jander and Barth, 2007,
Lehert ef al., 2007, Walia ef al., 2007, www.ingenex.com/
tissue_micro arrays.php) for the purposes of more
genetic discoveries to improve plant and livestock
productions as well as using model orgamsms such as
mice and pigs for studying complex human diseases like
diabetes, obesity and cancer types.

Analysis of microarray data: Microarrays may generate
tens of thousands of data points for every experiment
performed. A study may be composed of many
experiments  generating data points
{Gaasterland and Bekiranov, 2000). Microarrays analysis
involves identifying all the genes that are turned onina
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particular cell and generating a list of those genes. As for
analysis in gene expression studies there are some main
analytical ways to be considered.

Image processing and normalization: In order to make a
clear visual analysis image quantifications are done based
on image mtensity. Bach probe spot is introduced by
many pixels and overall intensity value of each probe is
estimated with corresponding pixels (Balding et al., 2003).
Normalization is performed in order to adjust and combine
systematic differences across different data sets and
eliminate experimental artifacts such as noise occurring
during the molecular process of DNA micrroarrays
(Draghici, 2003).

Commercial software programs such as Spot
(www.csiro.au), Able image analyser (www.mulabs.com),
AIDA Amay Metrix (Raytest GmbH, www.raytest.de),
ArrayFox  (lmaxiaCorp.www.imaxia.com) for DNA
microarray image analysis are available. Also, software
programs for image analysis can freely be downloaded

(www.biocompare.com; http://download.chip.eu).

Statistical analysis: Tn general, statistical analysis
involves performing DNA (SNP) chip data analysis for
whole genome association studies. Tdentifying patterns
of gene expression and grouping genes mto expression
classes may provide much greater insight mto their
biological functions. The main goal fulfilling statistical
analysis 1s to promptly determinate gene expression
levels, phenotypic-genotypic associations and predictive
biomarkers.

A large group of statistical methods, generally
referred to as cluster analysis, have been developed to
identify genes that behave similarly across a range of
experimental conditions (Li et al., 2006).

Clustering and classification: Classification is a way to
find genes changing in mRNA expression level predict
phenotype. If two genes are functionally related, they may
be expressed mn the same way. Therefore, it 1s necessary
to detect groups of co-expressed genes (Nakatami ef al.,
2006). In order for the genes to group mte clusters, one
needs to define some measure of distance between them.
The most commonly used one is the geometric, Fuclidean
distance between the 2 points (expression vectors) i and
j, the square of which is defined as (Svrakic et al., 2003):
D.j=Z(E.k E, k7 (D

Statistical algorithms can be divided mto two classes,
depending upon whether they are based on “similarity’
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measures or not. Methods based on “similarity” measures
rely on defining a distance (or ‘dissimilarity’) between
gene expression vectors (L1 ef al., 2006). Clustering and
classification analysis 13 also performed using the Pearson
correlation coefficient (Li et al., 2006) and traditional
regression methods (Park et al., 2007).

ANOVA models for microarray data: Concermng more
systematic analysis of multiple slide experiments, a
statistical approach based on the ANOVA technique was
proposed by Kerr et af. (2000).

Comparisons of multiple samples from a microarray
experiment, every measurement in a microarray experiment
is associated with a particular combination of an array in
the experiment, a dye (red or green), a variety and a gene.
To rationalize the multiple sources of variation in a
microarray experiment, the General Linear Model is:

Log (¥y) = p+A + D+ Vit G+

(AG)+ (V) + e ()

where:

Yike Denotes the measurement from the ith array,
jth dye, kth variety and gth gene.

Tl = The overall average signal.

A = The effect of the ith array.

D, = The effect of the j th dye.

Vy = The effect of the kth variety.

G, = The effect of the gth gene.

(AG), = A combination of array i and gene g (ie., a
particular spot on a particular array.

{(VG),= The interaction between the kth variety and

the gth gene.

The error terms €7, are assumed to be independent
and identically distributed with mean 0. The array effects
A1 account for differences between arrays averaged over
all genes, dyes and varieties.

DISCUSSION

Now a days, DNA microarrays or chips have been
becoming widely used for of DNA
polymorphisms and for gene expression analyses.
Commercial and academic efforts have resulted in DNA
chips for linkage analysis. Companies such as Affymetrix
(GeneChip Mapping arrays; www.affymatrix.com) and
Mlumma (BeadChips; www.illumina.com/dna) as well as
HapMap (www.hapmap.org), PrettyBase (www.math
works.com), Pedigree formats (www.omicsoft.com) and
academic groups are collecting SNPs and building arrays
to allow rapid linkage analyses by DNA chip hybridization
for biological (gene expression levels), agricultural

detection
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(Quantitative Trait Loci (QTL) mapping for better plant
and livestock productions and medical (drug effects
and metabolism and climical diagnosis) purposes
(www.ncbinlm.mh.gov).

Needless to say that SNP chips will become major
tools for genotyping human beings in the next decades
until full genome sequencing becomes cheap. In the near
future, probably high density microarrays of genomes
which come from different organisms will have been
developed. Not only will this trigger
unprovements, which are primarily based on the munber
of SNPs on the chips, SNP selection criteria and genome
wide coverage, but also generate and wupdate
Bioinformatics (integrating expression data and gene
data-bases). Consequently, it will be possible to
profoundly study and search for Genome-Wide
Associations (GWAS) and make the global analysis of
gene expression from different genomes.

Throughout, the global analysis one will be able to
identify mutations and the cellular function of genes in
question, the nature and regulation of biochemical
pathways and the regulatory mechanisms at play during
certain signaling conditions or diseases as well as
detecting underlying functional QTL that of course
include QTN (Quantitative Trait Nucloetides) thus
obtaining improved agricultural productions.

intense
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