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Abstract

Aim: Inspite of significant progressions in microarray techniques and accurate management,
the analysis and interpretation of raw data is a big challenge for the majority of researchers
on global scale. In this mini-review the authors have described general parameters to
overcome current errors and drawbacks occurred in management, analysis and interpretation
of microarray raw data.
Methods: Visualization of correct data is related to researchers knowledge about
methodologies, experimental designing, appropriate platforms, upgrade softwares, suitable
statistical tests and valuable databases. Hence, being up to date and skillful is considered
a key factor for ensuring accurate data management, analysis and interpretation.
Results: Application of correlated methodologies, experimental designs, platforms, softwares,
statistical tests and virtual databases, guarantees high quality management, analysis and
interpretation of microarray raw data.
Conclusion: In accordance with new efforts in the field of databases and softwares,
microarray data management, analysis and interpretation have been improved. The rise of
microarray technology applications may lead to a significant decrease of the costs in the
future.
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The quality of microarray data analysis
The significant progressions and advances in data
analysis methodologies and tools have led to
difficulties in selecting a proper approach for
researchers and specially for amateur users. There
are different commercial microarray platforms
made by Affymetrix, Agilent, Amersham Bioscien-
ces, Illumina, NimbleGen, Applied Biosystems Inc.
(ABI), Xeotron and Febit which differ in experi-
ment design, probe sets and protocols. Therefore,
it is important to exploit the right microarray

Introduction
Microarray technologies are one of the most
advanced experimental methods in the field of
clinical diagnostics. These techniques permit
researchers to view the molecular biology strategies
of microorganisms via tracing tens of thousands of
genes at once. Microarrays are excellent approaches
for evaluating various cells from dissimilar aspects
of genetics and molecular biology. The basis of
microarray is simple and it consists of a glass slide
carrying determined spots of DNA molecules which
are known as probes. The probes are located on a
glass slide via different techniques of photo-
lithography, inkjet printing and robot spotting. The
DNA probes are commonly complementary strands
of an entire genome or a gene. Hybridization
between a single stranded DNA of a sample and
another single stranded DNA belonging to a probe,
constitutes the cornerstone of the function of
microarray (1-6).
The preference of microarray architecture is the
possibility of analyzing a huge number of genes
simultaneously in a single quick molecular test (1,2).
Reliability, reproducibility and the quality of
microarray data promotes the accessibility to
accurate biological information; however, the
interpretation and analysis of a huge amount of
microarray data are accounted as a big challenge
for scientists and molecular biology experts (1,2,5).
In this mini-review article we provide general
knowledge about the various aspects relating to the
process of microarray data analyzing.

The process of microarray data analysis
The interdisciplinary technologies like microarrays
are known as data tsunami producing techniques.
In these cases, a variety of data are provided by
machines and the computational analyses must be
interpreted by a human being. This process is
known as a hard-work procedure and is a big
challenge (7,8).
The data sets of microarrays include a huge raw
information which must be understood via effective
analysis methodologies. The quality of data analyses

is considered as the main goal of researchers. Thus,
the first step to have a qualified data analysis is
designing a suitable experimental performance.
Simultaneously, there are a large number of
commercial and non-commercial software packages
for guiding investigators to have a successful
approach to standard microarray data analysis (3,6).
Each data analysis must be screened via quality
control, preprocessing of data, identification of
genetic differentiations for converting into meanin-
gful and acceptable biological information (9,10).
To obtain accurate data, there is an urgent need for
appropriate and suitable experimental designing.
Design issues are important parameters to have a
good procedure design. Furthermore, management
of data and selection of an accessible platform are
other issues that have a direct contribution in the
process of microarray data analysis (Figure 1) (2,6).
Despite the presence of determining and progressive
commercial microarray platforms, the conversion of
raw data into meaningful biological information is still
a typical challenge for the majority of investigators.
According to different studies, replacing the
automatic handling of microarray data analysis
instead of manual performance may lead to provide
high quality, proper and meaningful data inter-
pretation in a facilitated manner; for this reason, the
Microarray Gene Expression Database (MGED)
was established to facilitate the interpretation of
microarray data. The great secret in data inter-
pretation is: looking for the input process of the
caught output data (2,7-14).
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Figure 1. The 10-stage cycle pertinent to the process of microarray data analysis

Management of microarray data analysis
Incorrect and unsuitable microarray data may lead
to failed interpretation of data analysis. Therefore,
a software is needed for checking the quality
metrics of raw data throughout the quality
parameters (2,5,24).
Microarray assays are able to generate and deliver
huge amounts of raw data via employing platforms
and techniques. Hence, in an individual microarray
practice, hundreds of thousands of data points are
produced that must be arranged, managed and
interpreted (2,13).
A good management of microarray data is resulted
from an appropriate applied design, effective
softwares, and proper practical process in arrays.
Simultaneously, the available public databases are
important technical supporters for retrieving and
interpreting microarrays raw data to have a
standard microarray data analysis. The accessible
internet supplements help researchers to analyze

platform for correlated aims; otherwise it may lead
to incorrect raw data and false interpretations
(10,13,15,16).
The development of microarray technologies has
accommodated, optimized and validated cross-
platforms for maximizing the accuracy of interpre-
tation of raw data. Therefore, the combination of
suitable platforms and softwares in the format of
a unite workflow may remarkably increase the
realization of a successful and qualified data
analysis (2,17,18).
Besides, the quality and accuracy of microarray
data are depending on probes identities, sensitivity,
specificity, type of chips, and target labelings. Also,
a proper filtering and calculating normalization
factors are needed to coordinate variables relating
to target labeling whether with Cy3 or Cy5;
however the one-channel or one-color microarray
is more accurate and useful to obtain a qualified
microarray data analysis  (2,10,14,19-21).
The design of microarray experiments has a direct
effect on qualification of microarray data analysis.
Relating to conditions, there are several statistical
tests including t-test ([the Welch s test] [the
Wilcoxon Rank Sum] for two comparable groups)
and analysis of variance (ANOVA) ([one-way
ANOVA/the Kruskal-Wallis test] [two-way
ANOVA/Factorial ANOVA]) for determining the
level of statistical significance (p-value) (2,22,23).
Availability, facility, reliability, and the concordance
of techniques used in microarrays, guarantee the
high level quality of data analysis (2).

data sets in a facilitated manner. SOURCE  (http:/
/source.stanford.edu) is one of the most common
databases which is used by investigators. Additio-
nally, the microarray experiment checklist database
or the Minimum Information About a Microarray
Experiment (MIAME) and its supporter, the public
genomics database of Gene Expression Omnibus
(GEO) (http://www.ncbi.nlm.nih.gov/geo/) belon-
ging to National Center for Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.gov)
are important available repositories which minimize
the drawbacks of microarray raw data manage-

/source.stanford.edu
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov
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www.ncbi.nlm.nih.gov/genome/annotation_euk/),
prokaryotes (Prokaryotic Genome Annotation
(PGA)) including bacterial and archaea (http://
www.ncbi.nlm.nih.gov/genome/annotation_prok/),
and viruses (PASC (PAirwise Sequence Compa-
rison) (http://www.ncbi.nlm.nih.gov/sutils/pasc/
viridty.cgi?textpage=overview). Genome database
is a subdivision of the Entrez databases (32).

databases are as below:
BioSystems, dbGaP, EST, Gene, Genome, Genome
Projects, GEO datasets, GEO Profiles, GSS,
HomoloGene, NCBI Web Site Search, NLM
Catalog, Nucleotide, OMIM, PopSet, Probe,
Protein, Protein Clusters, and UniGene (32).

a)  BioSystems (http://www.ncbi.nlm.nih.gov/
biosystems/): The BioSystems database is an
applicative pipeline, which include  biological
pathways of Kyoto Encyclopedia of Genes and
Genomes (KEGG) (http://www.genome.jp/kegg)
resource and the EcoCyc (Escherichia coli K-12
MG1655) (http://ecocyc.org/), a subdivision of
BioCyc repository (2,32).

b)  Database of Genotypes and Phenotypes
(dbGaP) (http://www.ncbi.nlm.nih.gov/gap/):
dbGaP is an important repository which accommo-
dates a wide range of biological information
pertaining to molecular diagnostic tests (31,32).

c)  Expressed Sequence Tag (EST) (http://www.
ncbi.nlm.nih.gov/nucest/): The EST database is
consisted of sequences (from GenBank) which
are invaluable for assessing gene expression and
annotating (31,32).

d)   Gene (http://www.ncbi.nlm.nih.gov/gene):
Gene is a wide public database which offers an
appropriate knowledge about genes (32).

e)  Genome (http://www.ncbi.nlm.nih.gov/genome):
Within different parts of NCBI, Genome pipeline
covers genomic annotations relating to eukaryotes
(Eukaryotic Genome Annotation (EGA)) (http://

ment; however, there are several electronic
databases like the European Bioinformatics
Institute (EBI), which provide important means for
microarray data management and analysis
(2,7,10,19,21,25-29).

Databases relating to microarray research
The most famous and common databases applied
for microarray research were mentioned above;
however, there are several public databases which
can be helpful for researchers. These over-
internet-scattered public databases are mostly
accessible for free. Searching them one by one,
may be a time consuming and overwhelming
workflow for individual investigators around the
world. Therefore, we have selected a number of
active and available databases for microarray
investigation as follow:
1.ENS transcriptome Genomic Service (http://
www.transcriptome.ens.fr/sgdb/)
The Biology Department Genomic Service (SGDB)
is a French database which offers different tools,
softwares, or platforms for free (19,30).

2. GenBank (http://www.ncbi.nlm.nih.gov/genbank)
GenBank is a large and extensive nucleotide
sequence database which belongs to the National
Institutes of Health (http://www.nih.gov/) and
supports biological annotation. GenBank is covered
by NCBI. The International Nucleotide Sequence
Database Collaboration (INSDC)
(http://www.insdc.org/). INSDC is a giant
multistructural database which operates between
NCBI, DNA Data Bank of Japan (DDB) (http://
www.ddbj.nig.ac.jp/) and the European Molecular
Biology Laboratory (EMBL)
(https://www.ebi.ac.uk/) (31).

3.The Enterez Databases
(http://www.ncbi.nlm.nih.gov/books/NBK3837/
#EntrezHelp.The_Entrez_Databases).
The Entrez Databases are a huge multisystem
repository which includes 40 databases of molecular
and literature disciplines. The most important

http://www.ncbi.nlm.nih.gov/genome/annotation_euk/
http://www.ncbi.nlm.nih.gov/genome/annotation_prok/
http://www.ncbi.nlm.nih.gov/sutils/pasc/
viridty.cgi?textpage=overview
http://www.ncbi.nlm.nih.gov/
http://www.genome.jp/kegg
http://ecocyc.org/
http://www.ncbi.nlm.nih.gov/gap/
http://www.ncbi.nlm.nih.gov/gene
http://www.ncbi.nlm.nih.gov/genome
http://www.transcriptome.ens.fr/sgdb/
http://www.ncbi.nlm.nih.gov/genbank
http://www.nih.gov/
http://www.insdc.org/
http://www.ddbj.nig.ac.jp/
https://www.ebi.ac.uk/
http://www.ncbi.nlm.nih.gov/books/NBK3837/
#EntrezHelp.The_Entrez_Databases
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(http://www.ncbi.nlm.nih.gov/omim): OMIM
pipeline shares genomic data relating to human
being. This useful database updates every day (32).

o) PopSet (http://www.ncbi.nlm.nih.gov/popset/): A
unique dataset of DNA sequences which supports
the evolutionary relationships between populations
in microarray evolutionary genomics studies (32).

p) Probe (http://www.ncbi.nlm.nih.gov/probe/):
Probe is a public database which is helpful for
probe designing and determining the efficacy of
designed probes.

q) Protein (http://www.ncbi.nlm.nih.gov/protein/):
Protein database is an invaluable repository for
protein sequences collected from different
databases including GenBank, RefSeq, Swiss-Prot,
Protein Research Foundation (PRF), Protein Data
Bank (PDB), and the Protein Information Re-
source (PIR) (29,32).

r) Protein Clusters (http://www.ncbi.nlm.nih.gov/
proteinclusters/): Protein Clusters pipeline shares
Archaeal, Bacterial, Fungal, Herbal, Protozoan and
Viral protein sequences produced by either
prokaryotic genomes and plasmids or eukaryotic
genomes and organelles. The Protein Clusters
offers biological information and analysis tools (32).

s) UniGene (http://www.ncbi.nlm.nih.gov/unigene):
UniGene database gives valuable information
relating to gene or Pseudogene clusters. This topic
is considerable in microarray assays (2,32).

4. FlyBase (http://flybase.org/)
The FlyBase database covers genes and genomes

f) Genome Project (http://www.ncbi.nlm.nih.gov/
bioproject): Genome Project which is linked to
BioProject is a proper repository for researchers
who work in the field of cellular organisms (32).

g) Gene Expression Omnibus (GEO) datasets (http:/
/www.ncbi.nlm.nih.gov/gds): The GEO datasets are
comprised of different biological tools and informa-
tion. These datasets encompass those data which
are introduced in the GEO database (32).

h) GEO Profiles (http://www.ncbi.nlm.nih.gov/geo):
The Gene Expression Omnibus database aids
MIAME as aforementioned (2,32).

i) Genome Survey Sequence (GSS) (http://
www.ncbi.nlm.nih.gov/nucgss/): GSS is a subdivi-
sion database derived from NCBI which is
analogous to EST (32).

j) HomoloGene (http://www.ncbi.nlm.nih.gov/homologene):
HomoloGene is a proper database which shares homolog
groups of eukaryotic completed genes (2,32).

k) NCBI Web Site Search (http://www.ncbi.nlm.nih.gov/
books/NBK3837/#EntrezHelp.The_Entrez_Databases):
NCBI Web Site Search is a powerful search
database which shows the online sources present
on NCBI website.

l) National Library of Medicine (NLM) Catalog (http:/
/www.ncbi.nlm.nih.gov/nlmcatalog/): NLM Catalog is
a great collection of different resources such as
softwares and other electronic repositories (32).

m) Nucleotide (http://www.ncbi.nlm.nih.gov/
nuccore): the Nucleotide database is an effective
and widespread repository which offers sequence
data released from GenBank, DDB, EMBL (the
INSDC partners). Therefore, biomedical investi-
gators have special attention to the Nucleotide
public database (32).

n) Online Mendelian Inheritance in Man (OMIM)

belonging to Drosophila, which can be useful in
different aspects of studies; from a genetic
experimental test on the insect to biological
modeling information about human diseases
(19,33).

5.Gene Ontology (GO) (http://geneontology.org/)
Gene Ontology is a multi-database consortium
involving biological pathways, cellular compositions,

http://www.ncbi.nlm.nih.gov/omim
http://www.ncbi.nlm.nih.gov/popset/
http://www.ncbi.nlm.nih.gov/probe/
http://www.ncbi.nlm.nih.gov/protein/
http://www.ncbi.nlm.nih.gov/
proteinclusters/
http://www.ncbi.nlm.nih.gov/unigene
http://flybase.org/
http://www.ncbi.nlm.nih.gov/
/www.ncbi.nlm.nih.gov/gds
http://www.ncbi.nlm.nih.gov/geo
http://www.ncbi.nlm.nih.gov/nucgss/
http://www.ncbi.nlm.nih.gov/homologene
http://www.ncbi.nlm.nih.gov/
books/NBK3837/#EntrezHelp.The_Entrez_Databases
/www.ncbi.nlm.nih.gov/nlmcatalog/
http://www.ncbi.nlm.nih.gov/
http://geneontology.org/
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