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Abstract
Deoxyribonucleic acid (DNA) microarrays are collections of DNA probes arranged on a base pair and the latest commercialized molecular diagnostic technologies that offer high throughput results, more sensitive and require less time. It is the most reliable and widely accepted tool facilitating the simultaneous identification of thousands of genetic elements even a single gene. Microarrays are powerful new tools for the investigation of global changes in gene expression profiles in cells and tissues. The different types of DNA microarray or DNA chip devices and systems are described along with their methods of fabrication and their use. The DNA microarrays assembly process is automatized and further miniaturized. DNA microarrays are used in the search of various specific genes or in gene polymorphism and expression analysis. They will be widely used to investigate the expression of various genes connected with various diseases in order to find the causes of these diseases and to enable their accurate treatment. Generally, microarray analysis is not only applied for gene expression studies, but also used in immunology, genotyping, diagnostics and sequence analysis. Additionally, microarray technology being developed and applied to new areas of proteomics, cancer research, and cellular analysis.
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Introduction

T he deoxyribonucleic acid (DNA) microarray technology has become a very powerful tool to explore global gene expression profiles and to measure genome-wide differences in genetic contents. Thus, the technology needs the availability of complete genome sequences of many microorganisms. Since DNA microarray measures the presence or absence of DNA regions as well as the abundance of transcripts, interpretation of the array data can be difficult in the absence of other supporting evidence. This is especially true when the physiological events are not well studied. In addition, it is not easy to sort out secondary effects caused by mutations, expression of certain genes, and different growth conditions. Consequently, the chief impact of this technology was not realized until it is combined with other high-throughput genomic methods, biochemistry, genetics, and physiology.1,2 Microarrays consist of thousands of probes (pieces of DNA ranging from 20-5000 base pairs (bp)) arrayed within a small surface area (sequences of nucleotides) that are physically and systematically bound to flat solid surfaces, slides or chips of glass, silicon or plastics,3 in known locations.4 A DNA microarray experiment consists of array fabrication, probe preparation, hybridiza tion and data analysis.5 Although the basic array technology is the same, there are fundamental differences in its application to pro karyotes and eukaryotes. For example, total ribonucleic acid (RNA) is usually labeled for a bacterial array experiment, while poly(A) RNA is often used for eukaryotic arrays.1,6 Several applications of DNA microarray has mentioned in different areas and disciplines including disease diagnostics and characterization, evolutionary biology, pathway analysis, toxico and pharmacogenomics, forensics, and oncology. The major ap plication of this technique was found in the field of oncology as classification of tumors, prediction of prognosis of tumors as an expression profile, single nucleotide polymorphism to study the mutation of a gene. Also, to study the gene amplification, deletion, identify the copy number of genes using comparative genomic polymorphism. Re-sequencing arrays are used to identify the somatic mutation in cancers by sequencing a portion of the genome.7 Microarrays are powerful tools among the latest technologies for rapid, precise, reliable, and efficient for detection and diagnosis of a high quantity of pathogens causing diseases in animals and humans.8 In the veterinary field, only a few studies were done to interrogate the gene expression profile of pathogens.7 Early diagnosis of an infectious disease is always desirable to prevent its spread among livestock species and thus reduce the economic losses both to the livestock owners and the country as a whole. Microarray was used to study host-pathogen interactions and the diagnosis of infectious pathogens. The genes responsible for several stages of cell to cell interaction of pathogens from adhesion to entry into the host cell and evading the host immune mechanism can be studied.9 Accordingly, DNA microarrays open a new way for the parallel detection and analysis of the patterns of expression of thousands of genes (currently about 20,000-40,000) in a single experiment. The high capacity for data generation with microarraybased approaches have time and resource advantages. It allows the study of the interaction between different molecular pathways. This is a major advantage since any disease process is likely to involve the coordinated interaction of several functional pathways involving multiple proteins, thus reflecting the expression of many genes. In infectious diseases, microarray-based approaches allow researchers to study the entire host and pathogen genomes. Thus, these approaches provide insight into the functional responses of both host and pathogens. Although the technology is expensive, it already has the lowest cost per assay of modern nucleic acid technologies, and will inevitably become cheaper in the future.7,10,11 HISTORICAL PERSPECTIVES OF DNA MICROARRAY In the late 1970s, the introduction of the first hybridization technique was reported as dot blots. In addition, the microarray technology has the advantage of the idea to use multiple DNA libraries arrayed on filters to hybridize with cloned sequences and proved to be the base for the development of high-density microarrays.3,4 In the mid of 1990s, the microarray technique evolved from the southern blotting technique and it is first commercialized in 1994 by Ron Davis and Patrick Brown of Stanford University and later it was also commercialized in 1996 and in 1997 for expression of the whole genome of the eukaryotic cell (Saccharomyces cervisiae). In 1999, Todd Golub and colleagues used microarrays for the first time to classify cancers. In 2002, when there is a havoc of severe acute respiratory syndrome (SARS) was identified as an unknown coronavirus by using microarray. The chip used had conserved probes for virus genera; hence the virus was identified as an unknown coronavirus. The chip used for the SARS-corona virus was subsequently developed as a full-fledged microarray chip for virus diagnosis and was given the name Virochip.7,12,13 In 2004, a Roche Company released Amplichip CYP450, the first Federal Drug Authority (FDA)-approved microarray for diagnostic purposes. In 2012, a chip was designed for the first time by Indian Veterinary Research Institute (IVRI) scientists in the division of biochemistry for the detection of viral diseases affecting livestock’s.14,15 OVERVIEW ON PRINCIPLE OF DNA MICROARRAY TECHNOLOGY DNA Microarray A microarray is a collection of microscopic spots arranged in an array on a grid-like format and attached to a solid surface or membrane. Each individual spot is present at a precisely defined location on the substrate. In DNA microarray, these spots are single-stranded DNA fragments known as probes. These probes hybridize with a specific nucleic acid sequence called target which is labeled with a fluorescent dye. The extent of binding between the target and probe is quantified by measuring the signal emitted by labeling dye when scanned. Accordingly, utilizing the same basic principle of southern blotting, microarray analysis permits the simultaneous detection and expression studies of several genes on a single chip.4,16 DNA microarrays simply consist of small and solid supports onto which the sequences from thousands of different genes are attached at fixed locations. Hence, they are usually glass microscope slides, the size of two side-by-side pinky fingers, but can also be silicon chips or nylon membranes. The DNA is printed, spotted, and actually synthesized directly onto the support.4,17,18 The immobilization of DNA probes can be defined as the attachment of DNA molecules to a surface resulting in reduction or loss of mobility that is essential to develop a whole range of microarrays. The way in which DNA is immobilized determines the property of a microarray. The physicochemical properties of both surface and DNA probes are determinant factors in the selection of a suitable immobilization strategy. Even though microar ray can be developed by different strategies, the immobilization of the DNA probes on the surface has a common critical step that is the probes can be made base-by-base to the support or presynthesized and then spotted on the surface. Many immobilization techniques have been developed in the past years, which are mainly based on three important mechanisms: (A) physical adsorption; (B) covalent immobilization; and (C) streptavidin-biotin immobilization. In order to achieve high sensitivity and selectivity of the probes, the probes should have minimum non-specific adsorption and stable immobilized DNA. The control of this step is essential to ensure high reactivity, orientation, accessibility, and stability of the surface-confined probe and to avoid non-specific binding.19,20 Microarrays can be fabricated by several methods, including printing with fine-pointed pins onto glass slides (spotting), photolithography using pre-made masks, photolithography using dynamic micromirror devices, ink-jet printing, and soft lithography also known as molecular stamp (in situ synthesis). Microarrays fabricated by in situ synthesis provide higher density, better reproducibility and little batch to batch variation than those fabricated by spotting technique, but much higher cost. In spotted microarrays, the probes are oligonucleotides, complementary DNA (cDNA) or Polymerase chain reaction (PCR) products. The probes are syn thesized and then “spotted” onto the glass slide. In the case of experimental or clinical samples, the nucleic acid within the probes matrix has prepared probes and is ready to capture complemen tary RNA (cRNA) targets. This technique is used to produce “inhouse” microarrays according to the different experimental de signs easily. This provides a relatively low-cost microarray that may be customized for each study and avoids the costs of purchasing expensive commercial microarrays.4,21 Once the microarrays are constructed, hybridization and detection are relatively simple and rapid, allowing real-time data analysis in field-scale heterogeneous environments. 22,23 Microarray technology is amenable to automation and therefore, has the potential of being cost-effective compared to traditional hybridiza tion methods.4,8,24 Principle of DNA Microarray The core principle of DNA microarray is hybridization property between the nucleotides where complementary nucleotides specifically pair with each other by forming the hydrogen bond between base pairs. A high number of complementary base pairs in a nucleotide sequence mean tighter the non-covalent bonding of base pairs. After washing off, the tightly paired strand remains hybridized. Fluorescently labeled target sequences bind to probe and generate signals. The signal strength depends on the amount of target sequence bound to the probe. The relative intensity of a spot is compared to the intensity of another in different conditions.7,14 During hybridization DNA ‘targets’ diffuse passively across the glass surface, then sequences complementary to a probe will anneal and form a DNA duplex. Hybridized targets can then be detected using one of many reporter molecule systems. In es sence, a microarray is a reverse dot blot that employs the same principle of hybridization and detection used for many years with membrane-bound nucleic acids (e.g. Southern and Northern blots).5 T ypes of DNA Microarrays Microarrays can be broadly classified according to at least three criteria: 1) length of the probes; 2) manufacturing method; and 3) the number of samples that can be simultaneously profiled on one array. According to the length of the probes, arrays can be classi fied into “cDNA arrays,” which use long probes of hundreds or thousands of base pairs (bps), and “oligonucleotide arrays,” which use short probes (50 or less bps). Manufacturing methods include “deposition” of previously synthesized sequences and “in situ synthesis”.22,25 Usually, cDNA arrays are manufactured using deposition, while oligonucleotide arrays are manufactured using in situ technologies. In situ technologies include “photolithography” (Af fymetrix®, Santa Clara, California, USA), “inkjet printing” (Agi lent®, Palo Alto, California, USA), and “electrochemical synthe sis” (Combimatrix, Mukilteo, Washington, USA). With regard to the number of samples that can be profiled on one array, a single sample can be analyzed using single-channel arrays whereas two or more samples can be analyzed using multiple-channel arrays simultaneously. Affymetrix GeneChip ® is a sample for an oligonucle otide and single-channel array.26,27 Spotted microarrays: The first widely and broadly available array platform were spotted microarrays and originated in the labora tory of Patrick Brown. Spotted also called cDNA microarrays, take their name since probes are synthesized apart and printed mechanically on the slide. The PCR products or long oligonucleotides on the glass microscope slides are printed using a robot equipped with nibs capable of wicking up DNA from microtiter plates and depositing it onto the glass surface with micron precision. 17,28 The advantages of glass cDNA microarrays include their relative affordability, no specific and specialized equipment for hybridiza tion, increased detection sensitivity due to longer target sequences (2 kbp) and primary sequence information is not needed to print a DNA sequence. However, this technique is not specific as an oligonucleotide microarray and It requires intensive labor require ment for synthesizing, purifying, and storing DNA solutions before microarray fabrication. Besides, it fails to specifically detect individual homologies genes sequence between clones represent ing different closely related members of the same gene family.16 Spotted microarrays are primarily a comparative technology and used to examine the relative concentrations between two target samples. Complex samples to be compared are labeled with uniquely colored fluorescent tags before being mixed together and allowed to compete for hybridization to the microarray spots. In this way, differences between the samples are observed on a per spot basis because the fractional occupancy of the spot hybridized by each sample reflects the relative concentration of the gene or target in the original complex sample. As a result, spotted microarrays are often called two-color or two-sample arrays.4,7,12 Oligonucleotide arrays: Oligonucleotide microarrays are highly specific, hybridize with only a single sample and thus give absolute expression level of the sample concerned. In this method, arrays are constructed by synthesizing single-stranded oligonucleotides in situ by using a photolithographic technique to generate high density (>280, 000 features) microarray chips. In this system collection and storage of cloned DNA and PCR product is not required.2,16 Oligonucleotide array is limited to gene expression and analysis and requires a large amount of biological material.14 The advantages offered by the in situ oligonucleotide ar ray format include speed, specificity, and reproducibility. Some of the disadvantages of in situ oligonucleotide array format are listed below. Firstly, in situ oligonucleotide array formats tend to have expensive specialized equipment e.g. to carry out the hybridization, staining of label, washing, and quantization process. Secondly, the ready-made product (GeneChips ®) is expensive. Thirdly, in contrast to glass cDNA microarrays, short-sequences have decreased sensitivity/binding and reduced flexibility. However, the low sensitivity can be overcome by using multiple probes. Besides, in some circumstances, the types of equipment and facilities for DNA array productions, hybridization, and detection are restricted to central ized manufacturers, thus limits the researcher’s flexibility.29 PREPARATION OF DNA MICROARRAY The microarray preparation is a multi-stage process that requires accuracy and understanding in each individual step that may influence the gene expression estimates. In order to increase the accu racy of the experiment, the condition of the biological materials is controlled at various steps. The procedure used in a microarray experiment is very similar across different platforms.15 Microarray technology works on three important steps, with which a comprehensive understanding of the cell/organism under study can be achieved through microarray preparation, probes preparation followed by hybridization and finally, scanning, imaging and data analysis.4,30 The power of a DNA microarray lies in the fact that is there may be many thousands of different DNA molecules bonded to an array that makes it possible to measure the expression of thousands of genes in a sample simultaneously at one time.12 Preparation of DNA microarrays involves several-step including obtaining of the DNA sequences, designation of oligonucleotides or primers for generating probe DNA, selection and preparation of suitable glass surface and depositing the probe DNA on its surface.6 DNA microarrays are made either by chemically synthesizing DNA probes on a solid surface or by attaching a pre-made DNA probe to a solid surface. 31 The three primary technologies currently used in automated microarray production are photolithography, mechanical micro spotting and inkjets.14,26,32 Microspotting T echnique The fabrication microarray was invented by Patrick Brown of Stanford University, in which the microspotting technique relies on direct surface contact. In this method, long DNA molecules (cDNA) are deposited by high-speed robots on a solid surface. Sol-

id and hollow (split-open) pen designs are used to transfer target nucleic acid onto the supporting surface. The pen is dipped into the target solution and a small volume of the solution adheres to the pen. When the pen comes into contact with the supporting surface, it transfers a fraction of nucleic acid solution onto solid surfaces (Figure 1).32 The most commonly used microarray fabrication technology is mechanical microspotting, which uses direct contact of computer-controlled multiple pins, tweezers, or capillaries to deliver picoliter volumes of pre-made biochemical reagents (e.g., oligonucleotides, cDNA, genomic DNA, antibodies, or small molecules) to a solid surface. Currently, more than 1,000 individual cDNA molecules can be deposited in an area of 1 cm 2 using this technology.33 The advantages of microspotting include ease of implementation, low cost, and versatility, while a major disadvantage is that each sample to be arrayed must be prepared, purified, and stored prior to microarray fabrication. In addition, microspotting rarely produces the densities that can be achieved with photoli thography.25 Photolithography T echnique The photolithography approach uses the same technology for making semiconductor chips. DNA microarrays are fabricated mostly onto glass or plastic wafers or are placed in tiny glass tubes and reservoirs. In photolithography, oligonucleotides are synthe sized in situ on a solid surface in a predefined spatial pattern by using a combination of chemistry and photolithographic meth ods borrowed from the semiconductor industry. Briefly, a glass or fused silica substrate is covalently modified with a silane reagent to obtain a surface containing reactive amine groups, which are then modified with a specific photo protecting group, namely methylnitro-piperonyl-oxy-carbonyl (MeNPOC).4,35 The surface of the specific regions are then activated through exposure to light, and a single base is added to the hy droxyl groups of these exposed surface regions using a standard phosphoramidite DNA synthesis method. The process of pho toprotection and nucleotide addition is repeated until the desired sequences are generated. Typically, the probes synthesized in situ on the arrays are 20-25 bp in length. Since the average stepwise efficiency of oligonucleotide synthesis ranges from 90-95%, the proportion of the full-length sequences for 20-mer probes is approximately 10%. However, this should have a relatively minor effect on the performance of microarray hybridization because of the high absolute amount of full-length probes on the support.36 A supporting surface is covered with a photoactive mask, and when lights are selectively rayed through masks reactant groups are exposed and can react with the following units. In each step (Figure 2), the unprotected areas are first activated with light which removes the light-sensitive protective groups. Exposure of the activated area results in chemical attachment of the nucleoside base to the activated positions. A new mask pattern is applied. This process is then repeated and a new nucleotide has been added to the oligomers.32 Figure 1. Microarray Microspotting Technique Adapted from Patirupanusara P32,33

Ink-jetting T echnology Ink-jet ejection technologies provide another means of fabricating microarrays. In this approach, the sample is taken from the source plate, and a droplet of the sample is ejected from the print head onto the surface of the substrate. Similar to microspotting, ink-jet ejection allows the spotting of virtually any biological molecule of interest, including cDNA, genomic DNA, antibodies, and small molecules. In contrast to microspotting, ink-jets have the advantage of avoiding direct surface contact but cannot be used to manufacture microarrays as dense as those prepared by pho tolithography or microspotting approaches. Currently, two types of non-contact ink-jet print technologies, piezoelectric pumps and syringe-solenoid, are used for printing microarrays.14,25,32 Ink-jetting is a biochemical sample is loaded into a miniature nozzle equipped with a piezoelectric fitting (rectangles) and an electrical current is used to expel a precise amount of liquid from the jet onto the substrate. After the first jetting step, the jet is washed and a second sample is loaded and deposited to an adjacent address. A repeated series of cycles with multiple jets enable rapid microarray production. Ink-jetting Technology utilizes piezoelec tric and other forms of propulsion to transfer biochemical substances from miniature nozzles to solid surfaces (Figure 3). Similar to the microspotting approaches, drop-on-demand technologies allow high-density gridding of virtually any biomolecule of inter est, including cDNAs, genomic DNAs, antibodies and small molecules. Ink-jetting technology is being developed at several centers including Incyte Pharmaceuticals (Palo Alto, California, USA) and Protogene (Palo Alto, California, USA).19,37 APPLICATION OF DNA MICROARRAY IN DETECTION OF PATHOGENS AND ANIMAL DISEASE DIAGNOSIS Pathogens adapt rapidly to a changing environment whether out side or within the host through the regulation of expression of several genes, including virulence genes, to the changing stimuli. The microarrays allow global analysis of such gene expression simultaneously under a particular condition.1,9 In veterinary diagnostics, the microarray technology is in the stage of dynamic development with many alternatives and choices available. It has the potential to identify and detect agents of interest at the serotype or subspecies level, or to differentiate agents that cause similar or particular lesions or signs. 14,39 Initially, microarray directed at mapping, gene expression studies or single nucleotide polymorphisms (SNPs)/point mutation analysis on large scale.2,4,34 Hence, it is used to detect a wide variety of veterinary pathogens and also familiar for genetic and forensic applications, pharmacogenomic studies, cancer research, and diagnostics, and for infectious and genetic disease diagnostics purposes. Be sides, they are popular and used for many proteomic studies cell and tissue-based applications.3 The main goal of the microarray technique is to successfully detect pathogens before the onset of the disease, especially those pathogens associated with the outbreak of the disease. However, the development and use of species-specific primers are impractical for the routine analysis of clinical samples containing several pathogens. The 16S ribosomal DNA (rDNA) has regions that are highly conserved and variable in most bacteria; therefore could be used to facilitate the diagnosis of infectious bacterial diseases.40 According to Huang et al, Easy Operating Pathogen Microarray (EOPM) is a high quantity pathogen microarray platform for large scale pathogen surveillance, including viral sequences representing complete and partial viral genomes, 2,110,258 bacterial 16S ribosomal RNA (rRNA) sequences, 621,351 fungal 18S rRNA sequences, and 1,735,744 18S rRNA sequences from parasites. The EOPM Chip distinguishes all 2,554 known vertebrate virus species (involving 151 genera, 36 families), 124 bacterial genera (involving 53 families), 38 fungal genera (involving 17 families), and 47 genera of parasites (involving 24 families). Whereas bacterial 16S rRNA genes showed a relatively high-level of homology, and that bacteria require the presence of active virulence genes for pathogenesis. DNA microarrays can be applied to detect multiple pathogens with the use of specific DNA sequences viz. 16S rDNA sequences can be designed for characterization and detection of the taxonomy of pathogens.35,41,42 Similarly, Peterson et al43 has also developed a highly spe- 5Review | Volume 3 | Issue 1 |

Figure 2. Microarray Manufacturing Using Photolithography Adapted from Patirupanusara P32

Figure 3. Microarray Manufacturing Using Ink-Jet Printing Adapted from Causton H38

cific and reliable spotted array for bacterial pathogens, consisting of 489 70mer probes to detect 40 bacterial pathogens of medical, veterinary and zoonotic importance including 15 National Institute of Allergy and Infectious Diseases (NIAID) of Category A, B and C pathogens and also associated genes that encode resistance for antimicrobial. The array is also identified DNA elements that are important for horizontal gene transfer among bacteria by validating multi-drug resistant (MDR) pathogenic bacteria as pure cultures or by following their inoculation in complex and highly organic sample matrices, such as soil and manure. In addition, Shallom and his colleagues introduced a new species for independent forensics array-based technology for rapid and adequate identification of biological threat agents and newly emerging infectious pathogens.44 Application in Virus Detection Animal viruses probe dataset (AVPDS) is a dataset of virus-specific and conserve oligonucleotides for identification and diagnosis of viruses infecting animals that is used for microarray-based diagnosis and identification of viruses’ probes. Currently, the dataset contains 20,619 virus-specific probes for 833 viruses and their subtypes and 3,988 conserved probes for 146 viral genera. 7 The first broad range virus identification chip was used for the detection of the SARS-corona virus and in the case of animals the chip used for the identification of foot and mouth disease (FMD) virus.16,45 A long oligonucleotide microarray assay was designed to identify the different types of viruses that cause vesicular or vesicular-like lesions in livestock animals. Using this microarray, the genus level of foot-and-mouth disease virus (FMDV), vesicular stomatitis virus (VSV), Swine vesicular disease virus, vesicular exanthema of swine virus (VESV), bovine alphaherpesvirus 1 (BHV- 1), orf virus, pseudocowpox virus, bluetongue virus serotype 1 and bovine viral diarrhea virus 1 (BVDV-1),7 and Enteroviruses46 were detected separately.

Microarrays are a suitable means for typing and multi plexed detection of various pathogens. It may be possible to multiplex ten or more PCR primer pairs on a microarray. 5 The three assays for detection and typing of poultry viruses are multiplex assay for simultaneous detection of avian influenza virus (AIV) and detection and pathotyping of newcastle disease virus (NDV), and two separate assays for differentiating all AIV H and N subtypes has been developed. Consequently, it detected and tested all typed 41 AIV strains and accurately typed all high pathogenicity NDV strains. The high capacity of multiplexing different microarray assays has been exploited for detecting and subtyping all possible hemagglutinin (HA) and neuraminidase (NA) subtypes of AIV .42,47 Application in Bacterial Detection In the field of microbiology, Pathochip was the most important diagnostic microarray chips that analyze 23S rDNA and 16S-23S rDNA intergenic spacer region (ISR) sequences of bacteria.48 Rapid tracking of the pathogen and its various strains helps in developing strategies for prevention and serotyping provides infor mation on vaccine selection during an outbreak.45 Easy Operating Pathogen Microarray (EOPM) was a high quantity pathogen identifying array which consists of 2,110,258 bacterial 16S rRNA sequences, 621,351 fungal 18S rRNA sequences, and 1,735,744 parasitic 18S rRNA sequences.41 Later, an arraytube (AT) platform, with chromosomal and plasmid coded targets for the detection of Coxiella burnetii was also developed. Besides, it was also found suitable for detection, differentiation and genotyping of Burkholderia mallei/pseudomallei, Brucella species., Bacillus anthracis, and Chlamydia species.18 Accordingly, this helps to create a useful screening of individual pathogens having similar symptoms and multiple pathogens in co-infection. 42 DNA microarray helps in typing of new emerging species/strains, and understanding evolutionary relationships among bacterial species. Toxin array for genotyping of clostridium perfringens toxins based on oligo probes of six toxins.49 DNA microarray is currently used to identify the presence of drug-resistance genes/plasmids in the infectious agents; the data thus obtained helps in developing better therapeutics.50 Application in Parasites Detection The gene expression during the development of parasite at different stages of the life cycle reveals the unique metabolic and physical properties of that developmental stage. During toxoplasma gondii development, the transition from tachyzoites to bradyzoites shows the genes encoding metabolic enzymes and bradyzoite secretory antigens were upregulated. 51 Among different parasitic diseases affecting the livestock, differentially expressed genes of Eimeria species were studied. Hence, DNA microarray used to study the molecular basis of sporulation and invasion of the precocious line of eimeria maxima.12,42,52 LIMITATION AND NEGATIVE IMPLICATIONS OF MICROARRAYS Despite their incredibly wide variety of applications, microarrays have a number of limitations. Firstly, arrays provide an indirect measure of relative concentration. That is the signal measured at a given position on a microarray is typically assumed to be propor tional to the concentration of a presumed single species in solution that can hybridize to that location. However, due to the kinetics of hybridization, the signal level at a given location on the array is not linearly proportional to the concentration of the species hybridizing to the array. At high concentrations, the array will become saturated and at low concentrations, equilibrium favors no binding. Hence, the signal is linear only over a limited range of concentrations in solution.14,52 Secondly, especially for complex mammalian genomes, it is often difficult to design arrays in which multiple related DNA/ RNA sequences will not bind to the same probe on the array. A sequence on an array that was designed to detect “gene A”, may also detect “genes B, C, and D” if those genes have significant sequence homology to gene A. This can particularly problematic for gene families and for genes with multiple splice variants. However, it is difficult to design arrays that will uniquely detect every exon or 6 Review | Volume 3 | Issue 1 | gene in genomes with multiple related genes.19,53 Lastly, a DNA array can only detect sequences that the array was designed to detect. That is if the solution being hybridized to the array contains RNA or DNA species for which there is no complementary sequence on the array. Thus, those species that are not included in gene expression analysis will not be detected and represented on the array. Moreover, for highly variable genomes such as those from bacteria, arrays are typically designed using information from the genome of a reference strain. Such arrays may be missing a large fraction of the genes present in a given isolate of the same species.1,4,19

Conclusion

Microarray technology generally provides a highly efficient and rapid method of analysis for varieties of disciplines and fields. Besides, it is rapidly developing and evolving technology that incor porates biology, automation, and informatics. Protein Arrays and tissue arrays are becoming more broadly available and accepted techniques representing highly interdisciplinary and synergist ef forts. New applications are being pursued beyond gene expression, gene discovery, and pharmacogenomics. Accordingly, microar ray technology is now gaining prime importance in the areas of medical diagnostics, particularly due to its applications in cancer, genetic, and infectious diseases. With technological advancement, microarray has a huge potential in veterinarian diagnostics and it certainly leads to the new generation of devices such as cell biology and proteomics.

Conflict Of Interest

The authors declare that they have no conflicts of interest.

References

	NsoforCA. DNA microarrays and their applications in medical microbiology. Biotechnol Molecul Biol Rev. 2014; 9(1). doi: 10.5897/ BMBR2013.0216

	SeidelC. Introduction to DNA microarrays. Analysis of Microarray Data: A Network-Based Approach. 2008; 1: 1

	HellerMJ. DNA microarray technology: devices, systems, and applications. Annu Rev Biomed Eng. 2002; 4(1): 129-153. doi: 10.1146/annurev.bioeng.4.020702.15343810.1146/annurev.bioeng.4.020702.153438 https://doi.org/10.1146/annurev.bioeng.4.020702.153438

	SinghAKumarN. A review on DNA microarray technology. Int J Curr Res Rev. 2013; 5(22): 1

	CallD. DNA microarrays–their mode of action and possible applications in molecular diagnostics. Veterinary Sciences Tomorrow. 2001; 3: 1-9

	MajtanTBukovskaGTimkoJ. DNA microarrays—techniques and applications in microbial systems. Folia Microbiol (Praha). 2004; 49(6): 635-664. doi: 10.1007/bf0293154610.1007/bf02931546 https://doi.org/10.1007/bf02931546

	BeenaVPawaiyaRGururajKShivasharanappaSKarikalanM. Application of microarray in animal disease pathogenesis and diagnosis. J Vet Sci Technol. 2016; 7(402): 2. doi: 10.4172/2157- 7579.100040210.4172/2157-7579.1000402 https://doi.org/10.4172/2157-7579.1000402

	YooSMChoiJHLeeSYYooNC. Applications of DNA microarray in disease diagnostics. J Microbiol Biotechnol. 2009; 19(7): 635-646

	OjhaSKostrzynskaM. Examination of animal and zoonotic pathogens using microarrays. Vet Res. 2008; 39(1): 4. doi: 10.1051/ vetres:2007042

	BryantPAVenterDRobins-BrowneRCurtisN. Chips with everything: DNA microarrays in infectious diseases. Lancet Infect Dis. 2004; 4(2): 100-111

	YadavBSPokhriyalMRattaBKumarASaxenaMSharmaB. Viral diagnosis in Indian livestock using custom ized microarray chips. Bioinformation. 2015; 11(11): 489-492. doi: 10.6026/9732063001148910.6026/97320630011489 https://doi.org/10.6026/97320630011489

	MurtazaILailaOUbaid-ullahS. DNA microrray: A miniaturized high throughput technology. DNA. 2016; 12(2): 9-15

	WangDLiuSTrummerBJDengCWangA. Carbohydrate microarrays for the recognition of cross-reactive molecular markers of microbes and host cells. Nat Biotechnol. 2002; 20(3): 275-281. doi: 10.1038/nbt0302-27510.1038/nbt0302-275 https://doi.org/10.1038/nbt0302-275

	DadkhahKAnijdanSHMKarimiM. DNA microarray, types and its application in medicine. Scholars Academic Journal of Biosciences. 2015; 3(7): 598-599

	JaksikRIwanaszkoMRzeszowska-WolnyJKimmelM. Microarray experiments and factors which affect their reliability. Biol Direct. 2015; 10(1): 46. doi: 10.1186/s13062-015-0077-210.1186/s13062-015-0077-2 https://doi.org/10.1186/s13062-015-0077-2

	SinghSBedekarMK. DNA microarray and its applications in disease diagnosis. International Journal of Science and Research. 2012; 3: 1572-1573

	SassolasALeca-BouvierBDBlumLJ. DNA biosensors and microarrays. Chem Rev. 2008; 108: 109-139. doi: 10.1021/cr068446710.1021/cr0684467 https://doi.org/10.1021/cr0684467

	SchmoockGEhrichtRSpragueLD. DNA microarray-based detection of Coxiella burnetii, the causative agent of Q fever. Acta Vet Scand. 2014; 56(1): 27. doi: 10.1186/1751-0147-56-2710.1186/1751-0147-56-27 https://doi.org/10.1186/1751-0147-56-27

	BumgarnerR. Overview of DNA microarrays: Types, applications, and their future. Curr Protoc Mol Biol. 2013; 101(1): 22.1.. doi: 10.1002/0471142727.mb2201s10110.1002/0471142727.mb2201s101 https://doi.org/10.1002/0471142727.mb2201s101

	NimseSBSongKSonawaneMDSayyedDRKimT. Immobilization techniques for microarray: Challenges and applications. Sensors (Basel). 2014; 14: 22208-22229. doi: 10.3390/s141222208 7Review | Volume 3 | Issue 1 |10.3390/s141222208 https://doi.org/10.3390/s141222208

	TengXXiaoH. Perspectives of DNA microarray and nextgeneration DNA sequencing technologies. Sci China C Life Sci. 2009; 52(1): 7-16. doi: 10.1007/s11427-009-0012-910.1007/s11427-009-0012-9 https://doi.org/10.1007/s11427-009-0012-9

	DillKLiuRGrodzinskyP. Microarrays: Preparation, Microfluidics, Detection Methods, and Biological Applications (Integrated Analyti cal Systems). New York, USA: Springer Science & Business Media; 2008

	KumarSN. A proper approach on DNA based computer. American Journal of Nanomaterials. 2015; 3(1): 1-14. doi: 10.12691/ ajn-3-1-1

	ShalonDSmithSJBrownPO. A DNA microarray system for analyzing complex DNA samples using two-color fluorescent probe hybridization. Genome Res. 1996; 6(7): 639-645. doi: 10.1101/ gr.6.7.639

	ZhouJThompsonDK. Microarray technology and applications in environmental microbiology. Advances in Agronomy. 2004; 82: 183-270. doi: 10.1016/S0065-2113(03)82004-710.1016/s0065-2113(03)82004-7 https://doi.org/10.1016/s0065-2113(03)82004-7

	LarsonBJ. New Technologies for Fabricating Biological Microarrays [dissertation]. Madison, WI, USA: University of Wisconsin; 2005

	TarcaALRomeroRDraghiciS. Analysis of microarray experiments of gene expression profiling. Am J Obstet Gynecol. 2006; 195(2): 373-388. doi: 10.1016/j.ajog.2006.07.00110.1016/j.ajog.2006.07.001 https://doi.org/10.1016/j.ajog.2006.07.001

	SchenaMShalonDDavisRWBrownPO. Quantitative monitoring of gene expression patterns with a complementary DNA microarray. Science. 1995; 270(5235): 467-470. doi: 10.1126/science.270.5235.46710.1126/science.270.5235.467 https://doi.org/10.1126/science.270.5235.467

	RehmHLBergJSBrooksLD. ClinGen—the clinical genome resource. N Eng J Med. 2015; 372(23): 2235-2242. doi: 10.1056/NEJMsr140626110.1056/nejmsr1406261 https://doi.org/10.1056/nejmsr1406261

	FadielANaftolinF. Microarray applications and challenges: a vast array of possibilities. Int Arch Biosci. 2003; 1: 1111-1121

	GreshamDDunhamMJBotsteinD. Comparing whole ge nomes using DNA microarrays. Nat Rev Genet. 2008; 9(4): 291-302. doi: 10.1038/nrg233510.1038/nrg2335 https://doi.org/10.1038/nrg2335

	PatirupanusaraPSuthakornJ. Introduction of an active DNA microarray fabrication for medical applications. International Conference on Advances in Electrical and Electronics Engineering. 2012; 75-79

	RoseD. Microfluidic technologies and instrumentation for printing DNA microarrays. Microarray Biochip Technology. 2000: 19- 38

	SchenaM. DNA Microarrays: A Practical Approach. Oxford, UK: Oxford University Press; 1999

	ShendureJMitraRDVarmaCChurchGM. Advanced se quencing technologies: Methods and goals. Nat Rev Genet. 2004; 5(5): 335-344. doi: 10.1038/nrg132510.1038/nrg1325 https://doi.org/10.1038/nrg1325

	McGallGHFidanzaJA. Photolithographic synthesis of highdensity oligonucleotide arrays. Methods Mol Biol. 2001; 170: 71-101. doi: 10.1385/1-59259-234-1:7110.1385/1-59259-234-1:71 https://doi.org/10.1385/1-59259-234-1:71

	LiuYHanFLiF. Inkjet-printed unclonable quantum dot fluorescent anti-counterfeiting labels with artificial intelligence authentication. Nat Commun. 2019; 10(1): 2409. doi: 10.1038/s41467- 019-10406-710.1038/s41467-019-10406-7 https://doi.org/10.1038/s41467-019-10406-7

	CaustonHQuackenbushJBrazmaA. Microarray Gene Expression Data Analysis: A Beginner’s Guide. New Jersey, USA: Blackwell Publishers; 2009

	FuLMFu-LiuCS. Evaluation of gene importance in microarray data based upon probability of selection. BMC Bioinformatics. 2005; 6(1): 67. doi: 10.1186/1471-2105-6-6710.1186/1471-2105-6-67 https://doi.org/10.1186/1471-2105-6-67

	NegoroEIwasakiHTaiK. Utility of PCR amplification and DNA microarray hybridization of 16S rDNA for rapid diagnosis of bacteremia associated with hematological diseases. Int J Infect Dis. 2013; 17(4): e271-e276. doi: 10.1016/j.ijid.2012.10.01010.1016/j.ijid.2012.10.010 https://doi.org/10.1016/j.ijid.2012.10.010

	HuangWYangYZhangX. An easy operating pathogen microarray (EOPM) platform for rapid screening of vertebrate pathogens. BMC Infect Dis. 2013; 13(1): 437. doi: 10.1186/1471- 2334-13-43710.1186/1471-2334-13-437 https://doi.org/10.1186/1471-2334-13-437

	PatilMBhongC. Veterinary diagnostics and DNA microarray technology. Int J Livest Res. 2015; 5: 1-9. doi: 10.5455/ ijlr.20150330032234

	PetersonGBaiJNagarajaTNarayananS. Diagnostic microarray for human and animal bacterial diseases and their virulence and antimicrobial resistance genes. J Microbiol Methods. 2010; 80(3): 223-230. doi: 10.1016/j.mimet.2009.12.01010.1016/j.mimet.2009.12.010 https://doi.org/10.1016/j.mimet.2009.12.010

	ShallomSJWeeksJNGalindoCL. A species independent universal bio-detection microarray for pathogen forensics and phylogenetic classification of unknown microorganisms. BMC Microbiol. 2011; 11(1): 132. doi: 10.1186/1471-2180-11-13210.1186/1471-2180-11-132 https://doi.org/10.1186/1471-2180-11-132

	BaxiMKBaxiSClavijoABurtonKMDeregtD. Microarraybased detection and typing of foot-and-mouth disease virus. Vet J. 2006; 172(3): 473-481. doi: 10.1016/j.tvjl.2005.07.00710.1016/j.tvjl.2005.07.007 https://doi.org/10.1016/j.tvjl.2005.07.007

	NishizukaSCharboneauLYoungL. Proteomic profiling of the NCI-60 cancer cell lines using new high-density reversephase lysate microarrays. Proc Natl Acad Sci U S A. 2003; 100(24): 14229-14234. doi: 10.1073/pnas.233132310010.1073/pnas.2331323100 https://doi.org/10.1073/pnas.2331323100

	LungOBeestonAOhene-AdjeiS. Electronic microarray assays for avian influenza and Newcastle disease virus. J Virol Methods. 2012; 185(2): 244-253. doi: 10.1016/j.jviromet.2012.07.005 8 Review | Volume 3 | Issue 1 |10.1016/j.jviromet.2012.07.005 https://doi.org/10.1016/j.jviromet.2012.07.005

	LiuYCHuangGWuMCHongMYHsiungKP. Detection of foot and mouth disease and porcine reproductive and respira tory syndrome viral genes using microarray chip. Vet Res Commun. 2006; 30(2): 191-204. doi: 10.1007/s11259-006-3193-810.1007/s11259-006-3193-8 https://doi.org/10.1007/s11259-006-3193-8

	Al-KhaldiSMyersKRasoolyAChizhikovV. Genotyping of Clostridium perfringens toxins using multiple oligonucleotide microarray hybridization. Mol Cell Probes. 2004; 18(6): 359-367. doi: 10.1016/j.mcp.2004.05.00610.1016/j.mcp.2004.05.006 https://doi.org/10.1016/j.mcp.2004.05.006

	NsoforCAIroegbuCUCallDRDaviesMA. DNA microarray-based detection of antibiotic resistance genes of human isolates of Escherichia coli in Nigeria. Journal of Bacteriology Research. 2013; 5(6): 68-75. doi: 10.5897/JBR2013.012010.5897/jbr2013.0120 https://doi.org/10.5897/jbr2013.0120

	ClearyMDSinghUBladerIJBrewerJLBoothroydJC. Toxoplasma gondii asexual development: Identification of developmentally regulated genes and distinct patterns of gene expression. Eukaryotic Cell. 2002; 1(3): 329-340. doi: 10.1128/ec.1.3.329-340.200210.1128/ec.1.3.329-340.2002 https://doi.org/10.1128/ec.1.3.329-340.2002

	DongHLinJHanH. Analysis of differentially expressed genes in the precocious line of Eimeria maxima and its parent strain using suppression subtractive hybridization and cDNA microarrays. Parasitol Res. 2011; 108(4): 1033-1040. doi: 10.1007/ s00436-010-2149-7

	GardinaPJClarkTAShimadaB. Alternative splic ing and differential gene expression in colon cancer detected by a whole genome exon array. BMC Genomics. 2006; 7(1): 325. doi: 10.1186/1471-2164-7-325 Submit your article to this journal | https://openventio.org/submit-manuscript/10.1186/1471-2164-7-325 https://doi.org/10.1186/1471-2164-7-325




OEBPS/nav.xhtml
Contents

		Principles and Applications of Deoxyribonucleic Acid Microarray: A Review

		Introduction

		Conclusion

		Conflict Of Interest

		References





