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Abstract

Identification of microbial pathogen is an important event which lead to diagno-
sis, treatment, and control of infections produce by them. The high-throughput
technology like microarray and new-generation sequencing machine are able to
generate huge amount of nucleotide sequences of viral and bacterial genome of
both known and unknown pathogens. Few years ago it was the DNA microarrays
which had great potential to screen all the known pathogens and yet to be
identified pathogen simultaneously. But after the development of a new genera-
tion sequencing, technologies and advance computational approach researchers
are looking forward for a complete understanding of microbes and host
interactions. The powerful sequencing platform is rapidly transforming the land-
scape of microbial identification and characterization. As bioinformatics analysis
tools and databases are easily available to researchers, the enormous amount of
data generated can be meaningfully handled for better understanding of the
microbial world. Here in this chapter, we present commentary on how the
computational method incorporated with sequencing technique made easy for
microbial detection and characterization.
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6.1 Introduction
6.1.1 Importance of Microbes

Microorganisms like viruses, bacteria, and fungus have evolved to survive in every
type of conditions on our planet including human and animal bodies. Although many
are not harmful, a few cause life-threatening diseases. Traditionally these are
identified by culturing in appropriate media, biochemical analysis, and serological
testing. However, more numbers of microbes are yet to be characterized than are
known. Through the human body, microbes play vital roles in all of their ecosystems
(Hentges 1993). In spite of being extremely small, the sheer numbers of microbes
living on the planet have large effects on the cycling of nutrients and compounds,
essential for the survival of all organisms.

Microbes are encountered in all walks of human life and there prevails a constant
interaction. The vast majority of the bacteria in the body are rendered harmless by
the protective effects of the immune system, and a few are beneficial. In fact, the
relationship between microbes and humans is delicate and complex. Ten times as
many microbes live on or inside your body. The microbes living in our digestive
system break down food and produce useful vitamins. The millions of microbes that
coat our skin and intestinal lumen form a protective barrier against more dangerous
microbes. Without them, our bodies would be open to microbial attack. In spite of
these benefits, a relatively small number of microbes are harmful to humans. Many
diseases and epidemics are caused by microbes: the plague during the Middle Ages,
smallpox, AIDS, influenza, food poisoning, and anthrax. These diseases result in
severe illness, or even death. As scientists learn more about bacteria, fungi, and
viruses, they are better able to treat and prevent these diseases (Yadav et al. 2013).

6.1.2 Viral Diseases in Humans and Livestock

Viral diseases of livestock can be devastating both to farmers and the wider
community. Rinderpest, a disease of cattle caused by rinderpest virus, spread rapidly
across Africa by 1892 and led to death of nearly 95% of the cattle in East Africa. In
the early years of the twentieth century, rinderpest was common in Asia and parts of
Europe, and its prevalence increased in Asia. In 1957, Thailand had to appeal for aid
because many buffaloes had died, due to which paddy fields could not be prepared
for rice. In India, spread of rinderpest was controlled by numerous eradication
programs throughout the twentieth century (Barrett et al. 2006). As a result rinder-
pest was eradicated from India in the year 1995 (Barrett et al. 2006). In human and
animals, viral diseases keep emerging very frequently.

Research on various aspects of animal diseases particularly diagnosis is carried
out regularly to develop effective measures to guarantee animal health through
containment of emerging diseases. Many viral diseases have been eradicated from
globe by taking effective control measures. Smallpox was the first viral disease to be
eradicated globally followed by Rinderpest or cattle plague. In the last 30 years or so,
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about 40 new viral diseases have been identified (Zappa et al. 2009). A recent study
has shown that by 2020, about 10 new human diseases would emerge compared to
the past, and mobility of humans and animals have increased; with this, rate of
spread of disease has also increased (Morens and Fauci 2013). It has become vital to
have an arsenal of diagnostic techniques which can identify a pathogen whether new
or old in shortest possible time to combat effective control measures. New
technologies are being developed in molecular biology at a very rapid rate and
many of them are being applied in diagnosis. PCR (polymerase chain reaction) is
once such technique which was developed for amplification of a fragment of DNA in
the early 1980s (Mullis 1990). The PCR and related techniques like real-time PCR
are now the most widely used molecular method for the detection and identification
of viruses (Espy et al. 2006). Multiplex PCR allows detection of more than one
species of virus in a single assay (Elnifro et al. 2000). However, these techniques
have limitations of multiplexibility and versatility and require extensive prior
knowledge of the sequences to be amplified (Miller et al. 2009).

Another technique, microarray, developed in mid-1990s (Kostrzynska and
Bachand 2006) for studying gene expression, is now being increasingly applied
for diagnostics. Microarray consists of thousands to millions of oligonucleotide
probes representing different genes of known or unknown pathogens deposited or
directly synthesized on a surface in an ordered fashion (Anderson et al. 2008; Manoj
2009). These numbers give huge capability to microarray to detect and quantitate
hundreds and thousands of genes simultaneously. The capability of microarray to
detect a large number of genes was used for diagnosis at the beginning of this
century when the SARS corona virus was identified using a diagnostic microarray
chip (Wang et al. 2002). Since then several microarray chips have been developed
and tested (Wang et al. 2002, 2003; Martin et al. 2006; Chiu et al. 2006; Quan et al.
2007; Gardner et al. 2010; Yadav et al. 2015).

6.2 Virus Identification Methods

A virus is identified by showing presence of its proteins or nucleic acids or via an
immunological response to the host. Each method has its own advantages and
drawbacks with respect to sensitivity, specificity, efficiency, and feasibility.
Depending on the virus type, concentration, and circumstances under which the
viral sample was collected, certain methods may be more effective than others. The
most commonly used methods to detect and identify different viruses can be broadly
divided into four categories, that is:

A. Electron microscopy: A direct method for detecting virus requires purified and
high concentration of virus, but only experienced technician then discerns the
virus by its physical structure features. Viruses such as poxviruses and herpes
viruses can be easily identified using this technology (Nii 1971).

B. Virus isolation in cell culture: Another method is to grow the virus in cell cultures
(Leland and Christine 2007) and observe for virus-induced changes such as cell
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rounding, disorientation, swelling, shrinking, or death in the cells. This method is
time-consuming, has low sensitivity, and also cannot be used for viruses like
hepatitis B, parvovirus, and papillomavirus, which cannot grow in cell culture
(Goldsmith and Miller 2009).

C. Immunofluorescence-based assays: ELISA (enzyme-linked immunosorbent
assay) (Voller et al. 1978), one of the widely used methods for detecting viruses,
relies on the presence of antigens or antibodies in bodily fluids.

D. Molecular techniques: Molecular biology techniques based on nucleic acid
sequences are advanced and much faster than any other techniques and are
now mostly used for virus diagnosis (Kreuze et al. 2009).

6.2.1 Nucleic Acid Sequence-Based Diagnosis

Large-scale availability of genomic and nucleotide sequences of disease-causing
agents in public databases (GenBank of the USA, European molecular biology
laboratory of Europe, and DNA databank of Japan) and progress in nucleic acid
amplification techniques have enabled application of nucleic acid-based techniques
for pathogen identification. These techniques include polymerase chain reaction
(PCR) (Mullis 1990), loop-mediated isothermal amplification (LAMP) (Tomita
et al. 2008), ligase chain reaction, nucleic acid sequence-based amplification/
isothermal amplification (NASBA, (Liu et al. 2006), strand displacement amplifica-
tion (Su et al. 2013), Qb replicase method (An et al. 2003), and branched DNA
probes (Baumeister et al. 2012). The PCR is one of the most commonly used
methods for virus detection (Cunningham 2004). Real-time PCR, an innovation of
PCR, is one of the most sensitive methods of detecting pathogens (Mackay et al.
2002). Both PCR and real-time PCR have limited multiplexing capability.

Like PCR and real-time PCR, DNA microarray is a genome-based method which
was originally developed for studying variation in gene expression but has since
been adapted for pathogen detection. It has huge multiplex capability and can screen
for all the known pathogen in one experiment (Wilson et al. 2002; Bryant et al.
2004). The DNA microarray also called DNA chip has high sensitivity and specific-
ity (Kostrzynska and Bachand 2006). The microarray chip used for diagnostic
purpose contains thousands of different oligonucleotide probes specific to respective
pathogens. The probes designed for diagnostic assays are unique to a specific
pathogen with respect to all the other pathogen genomes and also to host other
nonspecific genome sequences present in the clinical samples. Specially designed
software are used for designing probes and also for data analysis.

6.2.2 DNA Microarray-Based Virus Identification

DNA microarray has been used efficiently in clinical diagnostics for identifying
disease-related genes with the help of its biomarkers (Loy and Bodrossy 2006) and
also for disease diagnosis. The microarray-based virus diagnosis started at the
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beginning of this century (Schena et al. 1995). Microarrays based on oligonucleotide
probes representing nucleic acid sequences conserved between members of a taxo-
nomic group were first used for detection of the then unknown SARS coronavirus
(Wang et al. 2002, 2003) and since then has been used for detection of many viruses
(Chiu et al. 2007; Chou et al. 2006; Quan et al. 2007; Martin et al. 2006, Chen et al.
2010). The detection of multiple rhinovirus serotypes in cell culture and clinical
specimen (Wang et al. 2002), papillomavirus in cervical lesions (An et al. 2003),
parainfluenza virus 4 in nasopharyngeal aspirates (Chiu et al. 2006), influenza virus
from nasal wash and throat swabs (Lin et al. 2006), gammaretrovirus in prostate
tumors (Urisman et al. 2006), foot and mouth disease virus from animal tissue
(Martin et al. 2006), coronaviruses and rhinoviruses from nasal lavage (Kistler
et al. 2007), metapneumovirus from bronchoalveolar lavage (Chiu et al. 2007),
different respiratory pathogens including influenza virus and non-influenza agents
in nasal swabs and lung tissue (Quan et al. 2007), and common food born viruses
such as coxsackievirus, hepatitis A virus, norovirus, and rotavirus identified using
tiling microarray (Chen et al. 2010). Grubaugh et al. (2013) identified 13 of
14 flaviviruses (Culex flavivirus, dengue-3, and Japanese encephalitis viruses)
using microarray platform.

6.2.3 Animal Virus Diagnosis Using Microarray

Microarray technique is one of the most recent diagnostics in veterinary field
(Feilotter 2004). Jack et al. (2009) developed a microarray assay for identifying
viruses that cause vesicular or vesicular-like lesions in livestock animals. They were
able to differentiate foot and mouth disease virus (FMDYV), vesicular stomatitis virus
(VSYV), swine vesicular disease virus, vesicular exanthema of swine virus (VESV),
BHV-1, orf virus, pseudocowpox virus, bluetongue virus serotype 1, and bovine
viral diarrhea virus 1 (BVDV1). Leblanc and co-researcher (2009) used magnetic
bead microarray for the rapid detection and identification of the four recognized
species in the Pestivirus genus of the Flaviviridae family, i.e., classical swine fever
virus, border disease virus, and BVDV1 and 2, which allowed specific and sensitive
virus detection. They concluded that based on the simplicity of the assay, the
protocols for hybridization and magnetic bead detection offer an emerging applica-
tion for molecular diagnosis in virology that is amenable for use in a modestly
equipped laboratory. Porcine reproductive and respiratory syndrome virus (PRRSV)
and foot and mouth disease virus (FMDV) were detected in a cDNA microarray (Liu
et al. 2006). GreenChip array facilitated the discovery of Ebola virus, in the porcine
respiratory illness outbreak in the Philippines (Barrette et al. 2009). These chips have
also been used for screening veterinary clinical samples (Mihindukulasuriya et al.
2008). Canine coronavirus (CCoV), feline infectious peritonitis virus (FIPV), feline
coronavirus (FCoV), bovine coronavirus (BCoV), porcine respiratory coronavirus
(PRCoV), turkey enteritis coronavirus (TCoV), transmissible gastroenteritis virus
(TGEV), and human respiratory coronavirus (HRCoV) are identified based on
microarray hybridization (Chen et al. 2010). Sharma et al. (2012) have designed
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microarray chip for identification of animal viruses; the chip successfully identified
the new castle disease virus in sheep and mixed infection of bovine viral diarrhea
2 and bovine herpes virus 1 (Ratta et al. 2013) in cattle.

6.3 Basic Concept of DNA Microarray

Since its inception DNA microarray has advanced biological sciences more pro-
foundly than any other technique (Benedetti et al. 2000; Rockett and Dix 2000;
Staudt and Brown 2000; Brown and Botstein 1999). The basic principle involved in
DNA microarrays is the reverse of Southern blot (Southern 1975). Unlike Southern
blot where targets are immobilized and a probe is labeled, in DNA microarray,
probes are immobilized on a membrane and then hybridized against the labeled
target population (Kurian et al. 1999). Since unlike Southern blot, in microarray,
target is labeled not probes, target can be hybridized to a large number of probes and
consequently microarray chips have the capacity to simultaneously detect tens or
hundreds or thousands of specific nucleic acid targets present in biological samples
in a single experiment (Schena et al. 1995). Microarrays have been used in a large
number of applications such as genome-wide genotyping, expression profiling, RNA
detection, protein arrays, and pathogen nucleic acid detections (Petricoin et al.
2002).

6.3.1 Probe Designing for Pathogen Identification

Probes, which are short DNA sequences that are similar to parts of the sequence of
target, are the most important constituent of a microarray chip. Probe has to be
specific to a pathogen only, and then only it can identify a pathogen unambiguously.
Besides specificity probe designing requires consideration of many other factors,
which influence hybridization processes such as guanine/cytosine (G/C) content,
melting point, secondary structure, sequence specificity, polynucleotide tract, and
probe length. Probe length affects the sensitivity and specificity of hybridization,
while other factors contribute to nonspecific hybridization. Maximizing the specific-
ity and the sensitivity are often conflicting goals in terms of achieving probe design.
Some well-known examples for microarray chips are as follows.

The probes for rotavirus were selected by using the following criteria: lengths of
about 20 nucleotides, melting temperatures between 65°C and 75°C, and two or
more mismatches with homologous sequences in other genotypes (Chizhikov et al.
2002). For orthopoxviruses, C23L/B29R gene sequences of different orthopoxvirus
species were aligned using clustalx software to find variable regions suitable to
design species-specific oligoprobes. Criteria for oligoprobe design were as follows:
one or more mismatches with other orthopoxvirus species, length of 13-21
nucleotides, and predicted melting temperatures between 36°C and 58°C (Majid
et al. 2003).
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One of the very first microarray chips to utilize a generalized computational
algorithm to find conserved regions among viral pathogens was by Wang et al.
(2002). The oligonucleotide probe length used in this chip was 70-mer. The chip
based on this conserved sequence was used to identify a coronavirus from the then
unknown SARS-coronavirus samples. Chou et al. (2006) developed a comprehen-
sive algorithm for designing conserved probes. They assumed that a virus genus
(G) is a collection of n viruses, in which each virus v; i =1, .. ., n) is associated with
a subset of G. Comparison of this virus with another virus in the genus identifies
similar sequences. The similarity was defined as having either (i) more than 75%
local sequence similarity in a 50-bp window with any virus or (ii) >15 consecutive
bases pairing. From these set of conserved sequences, those sets are picked up which
would identify the entire virus in the genus alone or in combination. It was not
necessary that a single conserved sequence would pick up the entire virus in the
genus. From the conserved sequences, 70-mer conserved probe were selected based
on the following criteria: (i) GC content between 40% and 60%, (ii) <5 continuous
mononucleotide repeats, (iii) <25-bp BLASTN sequence identity matches, and
(iv) <15 consecutive bases pairing with other viral sequences in the noncognate
viral genus (Chou et al. 2006).

Jabado et al. (2008) used protein families database (Pfam) as the basis for
designing conserved oligonucleotide probes. Their strategy for finding conserved
region entails identifying short conserved region and corresponding nucleic acid
region. First they identified most conserved nonoverlapping 20 amino acids
sequences then extracted corresponding nucleotide sequences. If the gaps were
found, the flanking regions were taken into account. The sequences which were
not part of Pfam were extracted and homologous gene clustered. All clustered
sequence was searched for common motifs with software such as MEME. Three
motifs were selected for each sequence cluster. The nucleic acid sequence extracted
for each protein motif was used for probe design. The conditions for probe design
were <5 mismatches to the template, a T;,, >60°C, no repeats exceeding a length of
10 nt, no hairpins with stem lengths exceeding 11 nt, and <33% overall sequence
identity to non-viral genomes (Jabado et al. 2008).

Pan-Microbial Detection Array (MDA) is the most comprehensive array designed
for virus diagnosis. This array includes probes for all the virus sequences present in
the database at the time of designing. The designing strategy used for this array was
family based. First, the sequence of all the viruses reported for virus families was
grouped, and from the group, all the sequences similar to human and nonfamily virus
sequences were removed. From the resultant viral sequences, probes were designed
irrespective of the location or the gene using primer 3. The primers were selected on
the basis of conservation within family and the number of probes per target sequence
which was 50 probes per target sequence (Gardner et al. 2010).
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6.3.2 Clinical Sample Processing and Hybridization

The clinical samples for identification of a virus are collected from different places,
from different animals, and from different sources. The clinical samples could be
blood, a swab from the nose, vagina, or mouth, tissue and stool, or any other. Most of
these samples have been tested in microarrays. Foot and mouth disease virus
(FMDV) was identified in ticks collected from a livestock market in Nairobi,
Kenya (Sang et al. 2006). Vincent (2009) identified clinical porcine respiratory
and reproductive syndrome virus in a nasal swab from pig samples. The clinical
samples for microarray analysis are collected in solutions (like RNAlater) which
makes RNA stable or directly in trizol for RNA isolation (Wang et al. 2002; Chiu
et al. 2007). Samples for microarrays are generally processed by the methods
adopted by Wang et al. (2002). This method employs anchored random nonamer
primers for cDNA synthesis, nonspecific amplification, and introduction of amino-
allyl nucleotide into the amplification product. Labeling is done by covalent binding
of fluorescent dye (cyanine with aminoallyl group of nucleotide (Jabado et al. 2008;
Wang et al. 2002; Gardner et al. 2010). Hybridization is done overnight, and the
temperature of hybridization is defined by the probe sequences which vary between
65°C and 70°C (Tan et al. 2003; Wang et al. 2003; Jayaraman et al. 2006; Gardner
et al. 2010). Hybridization signals are generated by using light of a predefined
wavelength to stimulate the emission of the fluorescent signal. The amount of
emission is determined by the amount of fluorescent dyes bound, which is correlated
with the amount of targets-probe hybrids at the spot.

6.3.3 Data Processing on the Basis of Signal Intensity

Virus prediction from the signal intensity data has been the subject of intense study.
Unlike gene expression microarrays, diagnostic microarrays have no up or down-
regulated gene. In diagnostic microarray, a signal cannot be low, high, or unchanged;
it has to be defined in binary numbers—present or absent, on or off. A signal is
defined as present if it is above a predefined cutoff. This cutoff signal has arrived
differently as the microarray technology for diagnosis developed. In the first broad-
spectrum microarray chip, the control hybridization was carried out with the RNA
from uninfected cell culture. In this particular chip, each spot was spiked with a
known probe in a fixed ratio to normalize the expression of all the probes. The
complementary sequence of the spike probe was labeled with Cy3 dye. Two color
hybridization experiments were done for both infected and uninfected cell culture.
The CyS5 signal for each probe was normalized against Cy3 signal. Cy5 labeled-
infected and uninfected signal for each probe were calculated; from these values, a
value of 1500 was arbitrarily defined as cutoff value, and the prediction was based on
aggregate hybridization (Wang et al. 2003). In diagnostic arrays, it is not always
possible to have controls for identifying cutoff value like Wang et al. (2003) where
they used mock-infected cell culture as control. To overcome this control problem,
random probes which have no sequence similarity with NR database have been



6 Bioinformatics and Microarray-Based Technologies to Viral Genome Sequence. .. 123

introduced (Gardner et al. 2010). If control samples are available, they are used for
calculating the cutoff value; otherwise signal intensity of random probes is used for
calculating cutoff value. The cutoff value is kept at median + 2 SD of the random
probe signal intensity, 95-99% percentile of random signal intensity (Gardner et al.
2010). The virus identification from the signal intensity data makes use of different
approaches. The simplest approach for predicting presence of virus in the sample is
based on averaging signal intensity of all the probes of a virus or virus genus/family:
if it is above a cutoff value, virus is predicted to be present; the other approach is
based on the number/percentage of probes giving positive signal above a preset
threshold (Sharma et al. 2012; Yadav et al. 2015). The first broad-spectrum virus-
detecting microarray chip, ViroChip, made prediction based on the aggregate
hybridization pattern (Wang et al. 2003). Chou et al. (2006) adopted similar criteria
but with some modifications. Their method makes use of both signal intensity and a
number of probes for making prediction. First, sum of all the signal intensity of a
probe set is calculated, and then this is divided by the maximum intensity obtained
for any group in the probe set. Based on the percentage, prediction is made. For the
GreenChip (Palacios et al. 2007), virus prediction was done by a specially developed
software called Green-LAMP. This software subtracts background values from the
probe intensities, calculate Z-score from log intensities by dividing with standard
deviation and compute tail probabilities (p-value) assuming log normality. Presence
of a positive or negative signal is computed from a fixed P-value threshold, 0.1 for
arrays with matched controls and 0.023 otherwise. The background levels are
derived from matched control samples or from random 60-mer control probes if
matched control samples are not present. The following assumptions were made for
making predictions: (1) spot intensities are normally distributed, (2) spots represent
independent observations, and (3) there are relatively few (<100) positive probes for
any given virus. DetectiV (Watson et al. 2007) tool was developed for handling array
data by selecting groups of probes comprising a species, genus, or family and
computing a one-sample t-test with null hypothesis that log intensity ratio for each
group is zero. PhyloDetect (Rehrauer et al. 2008), another tool for making virus
prediction, converts the probe intensities to binary indicators (e.g., by thresholding
against the median + 2 SD of the background intensities). In Pan-Microbial Detec-
tion Array (MDA) (Gardner et al. 2010), the threshold for positive signal was kept at
99th percentile of negative controls which were randomly generated probes. Predic-
tion for presence or absence of a pathogen was based upon two conditional
probabilities: the probability of observing a signal in the presence of a specific
microbial target in sample and the probability of observing signal in the absence
of microbial target in the sample. Liu et al. (2006) compared five different methods
of virus prediction and concluded that hypergeometric distribution and log transform
ranking method give good prediction, but other methods like the number of probes
with a threshold or ratio method also give suitable prediction.
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6.4 Recent Advances for Identification and Characterization
of Microbes

Over the last two decades, sequence analysis of conserved genes has become a
reliable, accurate, inexpensive, and scalable method of microbial identification in
health and environmental sciences. These advantages have resulted in the routine use
of sequencing methods to complement, and sometimes replace, traditional pheno-
typic methods of identification.

Various molecular techniques have emerged in the recent decades offering speed
combined with specific and sensitive detection. They are simple, rapid and reliable,
and dependent on the presence of nucleic acids (DNA and RNA) that code for the
proteins. These methods include polymerase chain reaction (PCR), microarrays,
metagenomics, next-generation sequencing, and many others. Detection of DNA is
now possible on a single molecule, and high-throughput analysis allows thousands
of detection reactions to be performed at once, thus allowing a range of
characteristics to be rapidly and simultaneously determined. Some of the recent
molecular detection methods can be performed in the laboratory or clinical settings
and also at the farm site. Although some of these techniques provide immediate
result, many require extensive computational approaches for analysis and interpre-
tation of the data.

Metagenomics is recently introduced where we study the genomic content of an
environmental sample of microbes. It is a derivation of conventional microbial
genomics, with the key difference being that it bypasses the requirement for
obtaining pure cultures for sequencing. Metagenomics holds the promise of reveal-
ing the genomes of the majority of microorganisms that cannot be readily obtained in
pure form. Since the samples are obtained from communities rather than isolated
populations, metagenomics may serve to establish hypotheses concerning
interactions between community members. This process begins with sample and
metadata collection and proceeds with DNA extraction, library construction,
sequencing, read preprocessing, and assembly. Community composition analysis
is employed at several stages of this workflow, and databases and computational
tools are used to facilitate the analysis. Advances in the throughput and cost-
efficiency of sequencing technology are fueling a rapid increase in the number and
size of metagenomics datasets being generated. However, bioinformaticists are faced
with the problem of how to handle and analyze these datasets in an efficient and
useful way (Tringe and Rubin 2005). The goal of metagenomics studies is to get a
basic understanding of the microbial world both surrounding us and within us.

Information from metagenomics studies will be fully exploited only if appropriate
data-management and data-analysis methods are in place. One was that the data were
immediately accessible in a form suitable for computer analysis; another was that the
data were freely available, without impediment to all researchers, be they in acade-
mia or industry. The three nucleic acid sequence archives GenBank, EMBL-Bank,
and DDBJ have spearheaded the cause of free availability of sequence information.
In the process sequences of a large number of fragments have been registered in the
international DNA databanks. However, the details of function of the sequence are
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not available and are of limited use. Analysis and comparison of complex
metagenomic data is driving the development of a new class of bioinformatics and
visualization software. The field is moving forward rapidly, driven by enormous
improvements in sequencing technology and the availability of many complemen-
tary technologies. Analysis and clustering of metagenomic sequences with the help
of bioinformatics tools according to phenotypes and genomes might in future help in
environmental preservation (Kunin et al. 2008).

6.4.1 New-Generation Sequencing

Sequencing is one technique that transformed biology from qualitative to a quantita-
tive science and leads to the emergence of bioinformatics as an important discipline.
Initially, sequencing started with radioisotope-labeled sequencing products analyzed
on slab gels. This slow process was overtaken by fluorescent labeling and capillary
electrophoresis that improved speed and data quality of sequencing. Recently the
next-generation sequencing platforms have made possible massive parallel sequenc-
ing without the need for lengthy electrophoresis. There are various approaches for
next-generation sequencing like sequencing by hybridization, microelectrophoresis,
cyclic array sequencing and real-time observation of single molecules. These diverse
approaches and sophistication of next-generation sequencing have brought great
challenges for bioinformaticists to tackle alignment, sequence scoring, data assem-
bly, storage, and release of huge amounts of data (Kunin et al. 2008).

The ability to simultaneously acquire huge amount of sequence data when
applied to clinical and environmental samples helps in the identification of patho-
genic microbes. Moreover, genome variability and evolution within the host can be
tracked over short periods of time. These approaches were already being used in
diagnostic virology for detection of novel pathogenic viruses and for mapping of
resistance to antiviral drugs (Barzon et al. 2011).

6.5 Conclusion and Future Perspective

DNA microarray is a rapid method for virus identification. Proof of concept has
already been shown in at least two cases where DNA microarray identified pathogen
when all the other method for diagnosis failed. Currently the biggest problems in
designing probes for diagnostic arrays are in designing conserved probes at genus
level. In viral genera, getting conserved probes which would identify all the virus in
the genus is next to impossible for almost all genera; as a consequence genus has to
be arbitrarily subdivided based upon sequence conservation within the genus. This
strategy has not been adopted though in MDA array the probes have been selected
based upon conservation but not on uniqueness within a subgroup. Another problem
with using microarray is the sequence heterogeneity within the virus species. All the
unique probes of a virus species would not bind to all the isolates so a threshold has
to be set for making prediction. The capacity of chips is going up, the
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new-generation chips can incorporate a million probes, while the number of viruses
reported in ICTV is just above 2000; however the number of virus sequence reported
and stored in NCBI database is in hundreds of thousands. Thus it is possible to make
probes for all the sequences and incorporate them in a chip, but doing that would
create problems in interpretation of results because of cross-hybridization signals.
The one way to avoid cross-hybridization signal is to reduce the size of probes which
is currently set at about 70-mer. Microarray is costly as camper to PCR, and so it is
generally restricted to the few commercial laboratories that can possess the capital,
or those laboratories developing expertise in this field. This is a long procedure for
the numbers of genes involved in this technique. ViroChip pan-viral microarray
recently used deep sequencing technology to 17 respiratory samples collected from
individuals infected with the 2009 HINI1 influenza virus early during the pandemic
and deep sequencing which can test for thousands of potential pathogens simulta-
neously. Consequently diagnostic strategy of rapid ViroChip-based testing followed
by deep sequencing could show to be a useful public health response to infectious
disease outbreaks in the future (Yadav et al. 2014). Thus, identifying viral species
using the previously reported viral microarray probe design strategy with new
approaches is very impressive. The use of microarray in pathogen identification is
still an intensive area of research. The new design strategies are constantly coming
up. It is hoped that in near future a very precise and cost-effective chip would be
developed, but to increase its practical usage in clinical microbiology laboratories, it
has to become more affordable, be convenient to handle, and be accurate.
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