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The pan-genomic microarray technique is used for environmental and/or
clinical studies. Although microarray is an accurate and sharp diagnostic tool, the
expertized bioinformaticians were able to minimize the outcome biases and maximize
the flexibility and accuracy of the technique. The knowledge of bioinformatics plays a
key role in association with probe designing and the utilization of correct probe sets
and platforms. This technique is divided into two parts as dry lab (in silico studies) and
wet lab (in vitro studies). Each part covers the other and are known as complementary
divisions. In the case of microarray probe designing, a wide range of software, tools,
and databases are necessary. Obviously, the application of right databases, software,
and tools decreases the probable biases in the outcomes. Due to the importance of
suitable probe designing, this article has focused its look onto a variety of online/
offline databases, software, and tools.

Keywords: microarray, computational molecular biology, bioinformatics,
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Introduction

Although there are several diagnostic tools that can be applied for detection
and identification of microbial causative agents of infectious diseases, microarray
technology is the latest production of a harmonic multidisciplinary orchestra; an
influent combination of scientific disciplines and intradisciplines with an effective
and powerful outcome. Indeed, this tool is based on Biochemistry, Bioinformatics,
Biology, Biophysics, Chemistry, Computer, Genetics, Mathematics, and Molecu-
lar biology, which make it sharp, accurate, and reliable [1–3]. Depending on target
biomolecules, microarray can be classified into three separate techniques: DNA,
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RNA, and protein microarrays. However, there are much more target biomole-
cules, biopolymers, and biological structures [carbohydrates and peptides
(polymers), cells, tissues, and a vast range of small molecules] [4–9]. The basis
of microarray technology goes back to some decades ago. Dot blotting technique
as a simple molecular tool has been led to an occurrence of the advanced pan-
genomic technology of microarray. Edwin Mellor Southern invented two impor-
tant nucleic acid-based methods. In 1973, he invented the valuable technique of
southern blot, which resulted in the invaluable technique of microarray. Therefore,
in 1985, microarray was funded and has progressed by the time. Because of the
establishment of a diversity of online and offline software, tools, and databases, the
molecular nucleic acid-based technologies have had a significant progression in
the recent four decades [10–12]. There is a wide range of diagnostic tools with
particular properties. Among different types of lab tools and technologies, nucleic
acid-based techniques seem to be reliable and useful. For example, when the
number of samples is limited, polymerase chain reaction (PCR) is the proper
approach as a well-known molecular diagnostics, but in the case of huge samples,
PCR is not recommended because it will be time-consuming and expensive.
Therefore, the application of DNA microarray is a good choice, when there is an
abundance of samples [13–16]. Therefore, here, it will be discussed about the
DNA microarray characteristics and a variety of common online/offline databases,
software, and tools.

DNA Microarray Characteristics

DNA microarray – a lab-on-chip diagnostic technique – is a miniaturized
technology, which can be applied for different clinical and medical environmental
specimen recognitions. This automatic and robotic fluorescent nucleic acid-based
technology is divided into two parts as dry lab and wet lab. The term dry lab
denotes the bioinformatic portion of the technology, whereas the wet lab is related
to molecular biology practical experiments. Moreover, this technique resembles a
puzzle that must be completed by related puzzle pieces. Probe designing, probe
printing, target biomolecule labeling, hybridization, and scanning are the intensive
pieces of the microarray technology puzzle. The probe designing section is known
as an in silico procedure that should be performed in dry lab, whereas the wet lab
section of the technology (probe spotting, target labeling, hybridization, and
scanning) involves the in vitro portion. The unique characteristics of microarray
includes the immobilization of specific designed probes as anchored sequences on
a solid and coated chip to analyze a genome, a proteome, or a transcriptome among
a huge number of samples and specimens [1, 3, 4, 16–23].
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Dry lab section

Probe designing. Although microarray technology is a multisectional diagnostic
tool, the accuracy of final results relies on the quality of employed bioinformatics
tools, software, and databases. Appropriate designed microarray probes guarantee
the quality of the outcome and the final results. Therefore, an unsuitable micro-
array probe designing may lead to incredible biases. In other words, the in silico
section of the technique determinates the accuracy, sensitivity, specificity, and
flexibility of the microarray final outcomes. In addition to proper probe designing,
the type of the probe must be compatible with the coating material of chip.
Therefore, there is a mass of technical details in association with bioinformatics
tools, which must be considered for a successful diagnosis [16, 23–26]. The type
of the target molecules, microarray platform, and designed probes determine the
kind of coating material of the chip. Besides, the microarray platform and the in
vitro (wet lab) section of the technique affect the methodology of the in silico
section of probe designing. The section of probe designing can be done with the
help of different public sequence databases. Indeed, for designing sensitive and
specific microarray probes, it is important to know the correct sequences of the
targets. Hence, the sequences of target molecules can be obtained from specific
databases. The DNA Data Bank of Japan (DDBJ) (http://www.ddbj.nig.ac.jp/),
the European Nucleotide Archive (ENA) (www.ebi.ac.uk/ena) supported by
European Molecular Biology – The European Bioinformatics Institute (EMBL-
EBI) (http://www.ebi.ac.uk/), and the National Center for Biotechnology Infor-
mation (NCBI) (http://www.ncbi.nlm.nih.gov/) are recognized as three important
sequence databases that can be used for free. Simultaneously, the International
Nucleotide Sequence Database Collaboration (http://www.insdc.org/) acts as a
multifunctional global coordinator database, which covers these three aforemen-
tioned databases [2, 16, 24, 27–33]. In parallel with general sequence databases of
DDBJ, ENA, and NCBI, there are some specific resources that cover limited
groups of organisms. These web services including The SEED (http://pubseed.
theseed.org/) (for prokaryotes including archaea and bacteria), the Rapid Annota-
tion of microbial genomes using Subsystems Technology (http://rast.nmpdr.org/)
(for prokaryotes including archaea and bacteria), the microbial genome database
(http://mbgd.genome.ad.jp/), the Comprehensive Microbial Resource (http://cmr.
jcvi.org/) (for prokaryotes including archaea and bacteria), the Pathosystems
Resource Integration Center (https://www.patricbrc.org/) (for prokaryotes includ-
ing bacteria), the Virus Pathogen Database and Analysis Resource (www.
ViPRbrc.org), the Human Immunodeficiency Virus sequence database (http://
www.hiv.lanl.gov), and the Influenza Research Database (www.fludb.org) may
lead to have an easier process of designing high-quality microarray probes.
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Interestingly, the Atlas of Biological Databases and Tools (http://bis.zju.edu.cn/
DaTo/) is an extraordinary database, which provides its users to have a precise
evaluation of bioinformatics tools and databases [34–39]. It is absolutely impor-
tant to employ powerful web services and skillful bioinformaticians for designing
sensitive, specific, sharp, and effective microarray probes. It is clear that inappro-
priate probe designing may lead to huge misdiagnoses and biases.

In silico process. Our final goal in DNA microarray technology leads us to
recruit proper online and/or offline tools, software, databases, and other web
services. Therefore, dry lab section of microarray technique is known as a critical
portion of this technology to have a sharp, rapid, effective, accurate, sensitive, and
specific diagnosis. In recent years, there is a diversity of general and specific
databases, abundance servers, tools, and software, which can be employed to
design best types of probes with high quality, reliability, sensitivity, and specific-
ity. As mentioned before, the quality of microarray probes is the most important
part in microarray technology; there are several thousand probes that must act as
unique strands matching with their specific target sequences. To design proper
microarray probes, there is a need for a powerful and effective online and/or offline
web servers, tools, and software. Some tools, such as Basic Local Alignment
Search Tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi), are important for aligning
selected sequences. Furthermore, servers like GView (https://server.gview.ca/)
and PanSeq (https://lfz.corefacility.ca/panseq/) are suitable tools for analyzing and
visualizing the related sequences. In the following steps, the unique sequences will
be processed by probe designer software. Table I shows a number of accessible
DNA microarray probe designing software [2, 3, 16, 19, 23, 25, 26, 37, 40–65].

Finally, the designed probes must be rechecked by online tools for their
biophysical and physicochemical properties. OligoAnalyzer (http://eu.idtdna.com/
calc/analyzer) is an appropriate free online tool that can be used for final
evaluation [16, 19, 23, 25, 26, 66].

Wet lab section

Probe spotting. The process is performed with the help of robotic spotters. The
immobilization of probes is achieved on the surface of different types of chips. There
are three groups of array platforms, including microwell, micropillar, and glass. For
the most, glass slides are used as proper solid surfaces that are coated by different
active materials to increase the level of probe efficacy. In addition, the types of
designed probes and target molecules determine the coating material of the glass
chips. There are several companies that manufacture glass slides with a wide range
of slide coats and covers such as epoxy (inorganic structures), CHO (oxide
component), hydrogel (hydrophilic polymers), gold (metals), etc. An appropriate
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coating material guarantees an effective probe immobilization process. Schott and
PerkinElmer are the two well-known companies that contribute in manufacturing
different types of microarray glass slides. The epoxy-coated glass slides are
recognized as the most applicable platforms for a diversity of probes. The
immobilized probes on the chips are affected by electrostatic bonds and forces;
thus, the use of linkers (e.g., alkanes containing 6–12 carbon atoms, 5–15 meric
adenine or thymidine) is recommended to the anchored end of the probes. The probe
spacers supply stable bonds between probes and the surface of a chip. Altogether,
the quality of the chip surface has a deep effect on results [23, 37, 67, 68].

Spotter and microarray chip fabrication. In DNA microarray technology
depending on the type of spotter, the diameters of the spotted samples must be
≥200 μm. Therefore, knowing the type of the spotter guarantees the favor pattern
on the array surface. Soft lithography, photolithography, and robotic spotting are
general printing systems that are applied for patterning sample spots on micro-
chips. The utilization of each type of spotter is directly related to the type of probe
molecules. Probe spotters are programmed by a vast range of commercial software
[2, 67–69].

Target-labeling process. The target molecule should be labeled by fluorescent
dyes. Indeed, the result can be illustrated by visualizing molecular interactions.
Fluorescein (e.g., Singapore green) and cyanine (e.g., Cy3 and Cy5) dyes are well-
known labeling tags. The application of one or two different types of dyes is
associated with the final goal. For detection and identification of microorganisms,
it can be covered by a single color (a one-channel microarray), but for detection
and identification of diseases like cancers, a two-channel microarray is needed
[23, 68, 70–72].

Hybridization process. The process of hybridization in which labeled target
sequences must be linked to their complementary immobilized probe sequences is
an important section with huge concern. The length of targets and probes has a
direct effect on the process of hybridization. The long sequences may provide some
structures that prevent hybridizing process. This may lead to false-negative/positive
results and vice versa. In other words, too short sequences may lead to false-
positive outcomes. There is a diversity of hybridization protocols for nucleic acids,
which can be done automatically or manually. In contrast to manual hybridization,
the robotic hybridization is recommended. Obviously, there are different types of
hybridization apparatus with their particular software [23, 68, 72, 73].

Scanning process. The process of scanning is achieved by scanner. This stage
completely depends on probe designing, probe spotting, target labeling, and hybrid-
ization sections. Any problem in these sections leads to huge biases and incorrect
analyses. The outcomes including fluorescent emission from printed spots are
recorded by camera for final analyses and interpretations [2, 16, 19, 31, 68, 72, 73].
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Conclusions

DNA microarray technology as an advanced pan-genomic technique is
completely related to bioinformatics. By the use of appropriate software, tools, and
databases, we are able to design qualified DNA microarray probes. Therefore, the
progression of Internet facilities including online and/or offline web services has
depth and direct effect on the quality of final microarray outcomes. DNA
microarray like other pan-genomic and molecular techniques has some advantages
and disadvantages. But in toto, this technology is an accurate, reliable, sensitive,
specific, and cost effective one, which can be helpful when the number of
specimens is too high.
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