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Advances in technology opened many doors, increased opportunities in various
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research fields, and helped create tools and devices required for many analyses.

One of them is microarray technology. It is widely used in numerous research
areas including infection biology, detection of small noncoding RNAs,
microarray-based gene expression profiling, and many more. Microarray
implementation in molecular diagnostics and their use as diagnostic devices are
considered a step closer to precision medicine. Further advances in microarray
technology can potentially help with the identification of new pathogens,
improvement in medicine, and better drug delivery.
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1. Introduction
Advances in technology opened many doors, increased opportunities in various research fields, and helped
create tools and devices required for certain analysis. One of them is microarray technology. It’s providing
assistance in disease treatment, cancer research and pharmacological approach [1]. Microarray technology is
based on measuring concentrations of large amount of samples, usually DNA, on small surface [2], [3]. They
are widely used in numerous research areas including infection biology, detection of small noncoding RNAs,
microarray-based gene expression profiling etc. [4]. With microarray technology it’s possible to
systematically scan whole genome and find new genetic traits and disorders that are influencing gene
expressions [5], [6]. Based on sample type, there are three categories of microarrays: DNA microarrays [7],
RNA microarrays [8] and protein microarrays [9]. However, DNA microarrays are most popular and widely
used in different applications [2]. Molecular diagnostics on the other hand, is process used for molecule
analysis in order to identify or prevent diseases [10]. Microarray implementations in molecular diagnostics
and their use as diagnostic devices are considered a step closer towards precision medicine [4], [11].
2. Microarray fabrication
There are three main fabrication methods for microarrays including light-directed synthesis, robot spotting
and piezoelectric ink-jet printing [12]–[14]. For light-directed synthesis, often called photolithography, either
digital micro mirror devices or premade masks are used. Micro mirror devices navigate light required for
every spot on microarray, thus significantly reducing costs, while on the other hand, for every nucleotide in
growing strand on the microarray support, premade masks are applied, making this type of technology much
more expensive [4], [12]. Robot spotting technology for microarray fabrication is one of most widely used
technologies, especially in research field. Samples including oligonucleotides, PCR products or proteins are
spotted and printed by either solid or split pins [4]. By piezoelectric ink-jet printing technology,
oligonucleotides and cDNAs are produced. While cDNA is directly spotted, oligonucleotides require
This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) that allows others
to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's
authorship and initial publication in this journal.
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repetitive base-by-base print layers [4].
3. Microarrays in Infection biology
Microarrays proved to be reliable technology for detection and identification of pathogenic organisms because
of its sensitivity, cost, processing time and specificity [15]. There are different types of approaches for
detection of pathogenic organisms including ViroChip, resequencing pathogen microarrays, universal
detection arrays, GreeneChip and Lawrence Livermore microbial detection arrays [15].
3.1. ViroChip
First produced microarray for pathogen detection was ViroChip [16]. It contained 1600 probes from 140 viral
genomes obtained from GenBank available at that time [15]. Working principle of ViroChip is based on
spotting oligonucleotides that are synthesized on glass slide. Additionally, ViroChip can be used for
identification of new viruses from the same family because of the probe design (containing conserved regions)
[15].
3.2. Resequencing Pathogen microarrays
Resequencing pathogen microarrays (RPM) are composed of short probes with selected genes for target
species of pathogen [17]. For each location of target gene four probes are designed including one with perfect
base match and others on alternative bases [17]. The main advantage of RPM array is highly specificity for
identification of strain-level target organisms. However, there are few disadvantages as well, including limited
range of organisms on single array that can be covered and inability to detect novel organisms [15].
3.3. Universal Detection array
Universal detection array is based on universally applicable set of probes containing more than 14 000 probes
with randomly produced sequences [18]. Based on DNA hybridization patterns various organisms can be
distinguished [18]. Huge advantage of this approach is that probes can be non-specific to genomes, meaning
that there is no need to change array design and update genomes. On the hand, one of the disadvantages is that
signatures for known sequence organisms must be experimentally obtained for every organism of interest
[15].
3.4. GreeneChip
GreeneChip is designed in order to promote unbiased, rapid and differential diagnosis of different pathogenic
organisms [19]. This type of array is based on selecting certain conserved region together with few variable
regions [19]. Probes are selected in a way that every pathogen is represented with at least one probe [15].
GreeneChip array proved to be more accurate with virus probes compared to bacterial ones [15].
3.5. Lawrence Livermore Microbial detection array
Initial version of Lawrence Livermore microbial detection array or shortly LLMDA was composed of target
probes for all viruses and bacteria (pathogenic and non-pathogenic) [15]. This approach allows us to screen
and examine each microbial genome with significant number of different probes [15]. LLMDA array showed
to be highly specific and sensitive for large number of previously characterized bacterial and viral cultures.
Broad coverage of viruses and bacteria is one of the important advantages of LLMDA. However, coast of
probe design is main disadvantage [15].
3.6. Detection of Small Non-coding RNAs
Since small non-coding RNAs are proved to be important regulators of development, understanding their
function and expanding their application is crucial [20]. Using them, especially microRNAs (miRNAs), as
diagnostic markers could provide better understanding of various types of diseases including cardiovascular
diseases [21], neurodegenerative diseases [22], infectious diseases [23] and cancer [24]. However, microRNA
detection is challenging procedure because of its short and complex form. Accurate and sensitive microarray
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assay called Agilent Technology is used for profiling of miRNAs [25]. Working principle of this assay is that
nonfractioned RNA is labeled by ligation to 3’ end of RNA, further interacting with 5’ end of probe and
contributing to the stability of complex [25]. Additionally, specific probe design allows highly specific,
precise and accurate detection of closely related miRNAs [25].
4. Microarray based gene expression profiling
This type of approach is used to analyze gene transcription in order to classify diseases, understand the
mechanisms related to diseases processes, identify diagnostic biomarkers and monitor the therapy response
[26]. Microarray-based gene expression profiling is mainly used in research related to gene expression, since
Human Genome Project revealed important knowledge of human DNA organization, and may provide and
reveal important information regarding molecular mechanisms of diseases [27]. It’s based on identification of
clones and isolation of high-quality RNA from tissue [27]. This microarray approach is an example of how
advances in technology may successfully contribute and support clinical decision-making, prediction and
classification of different cancer types [28].
5. Commercial microarrays in diagnostics
Generally, microarrays used in molecular diagnostics are rare because of their sensitivity, contamination risk
and reproducibility. However, generally used ones are Amplichip, MammaPrint, ViroChip etc. [4]. Amplichip
is pharmacokinetic test based on microarray technology and used for clinical evaluation of treatment selection
for an individual [29]. MammaPrint technology is used for breast cancer analysis, more precisely to evaluate
and predict the risk of metastasis formation [30].
6. Conclusion
Microarray technology enabled researchers to monitor and analyze gene expression levels and wide range of
molecules. That information can be used in medicine for numerous applications including clinical outcome
prediction, therapy response and discovery of new diseases or subclasses of diseases. Although this
technology has great potential, it is still not routinely used in molecular diagnostics. Main reason for that are
complexity and sensitivity. Additionally, microarray procedures often require manual steps thus increasing the
possibility of error. Further advances in microarray technology can potentially help with identification of new
pathogens, improvement of precision medicine, better drug delivery etc.
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