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ABSTRACT

Rapid and accurate identification of microorganisms can be of great value for clinical management.
For many fastidious and slow-growing microorganisms, the conventional method used for
detection is time-consuming, costly and labour-intensive. Hence, the development of new and
improved microbial identification methods are necessary to overcome this bottleneck. Current
trend has shifted towards the use of new molecular technologies in genomics and proteomics for
bacterial identification and characterization. This mini review will focus on summarizing different
types of genotypic and proteomics identification methods, as well as bioinformatics tools used for
rapid identification and characterization of microorganisms from various specimens.

Keywords: Microbe identification; bioinformatics; genotypic methods; sequencing; proteomics
technologies.

INTRODUCTION

Microbial diseases remain a major public health burden worldwide that is associated with high
morbidity and mortality rates in many regions, particularly in developing countries. Therefore, the
development of rapid and sensitive microbial identification methods is of tremendous advantage
for correct diagnosis, efficient treatment, environmental health and food safety. In clinical
laboratories, phenotypic tests such as microbiological culture and biochemical methods are widely
used for laboratory identification and confirmation of microorganisms. These methods include
gram-staining, culture and growth characteristics, serological based methods and biochemical
profiling with the API identification schema and BBL-crystal system (Millar, Xu, & Moore, 2007).
However, this phenotypic-based conventional methods used for laboratory diagnosis are time-
consuming, costly and labour-intensive. The complete identification tests may take several days and
sometimes the result is inconclusive. Although some automated microbial identification systems
such as Biolog Microplate (Biolog, Inc.) and Sherlock (MIDI, Inc.) are commercially available, they
often require prolonged growth for fastidious microorganisms and a proportion of unusual
organisms are unidentified or misidentified (Tang et al., 1998). Consequently, genotypic-based
microbial identification methods have been developed and widely used to identify microbe from
various specimens.

Genotypic-based methods are cost-effective, easy to implement and provide highly
discriminatory data as compared to phenotypic-based methods (Foxman, Zhang, Koopman,
Manning, & Marrs, 2005). Molecular methods of identification such as DNA sequencing are often
used in identifying an unknown species. Apart from genotypic methods, proteomics-based
identification approaches such as mass spectrometry (MS), have also been widely explored for rapid
microbe identification. A huge amount of data can be efficiently generated based on genomics and
proteomics based experimental approaches for microbiological studies. However, the analysis of
sequence data generated by different microorganisms often involves the application of various
bioinformatics tools, methods and parameters.
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The advance development of bioinformatics based on user-friendly
web-based resources has been extensively used for data processing and
computational resource management, such as wet-lab data analysis,
genome sequencing, database creation, and data-mining. In recent
decades, bioinformatics and wet-lab techniques are increasingly
interdependent on each other for rapid identification and
characterization of microorganisms. Bioinformatics enables researchers
to study efficiently on microbial diversity, microbe identification and
characterization, molecular taxonomy and community analysis patterns
of both culturable and unculturable organisms (Tabish et al., 2013).
Thus, proper understanding of computational methods is needed to
retrieve genetic information and manipulate the massive amount of
available data. The current chapter highlights the use of some molecular
techniques in conjunction with bioinformatics tools for microbe
identification.

GENOTYPIC IDENTIFICATION METHODS

Current genotypic identification methods can be divided into two
categories, 1) fingerprint-based techniques, and 2) sequencing-based
techniques. Pattern or fingerprint-based techniques are often used for
characterizing species-level relationships, but less reliable in establishing
the phylogenetic relationships above the species or genus level.
Sequence-based techniques have the advantage over fingerprint-based
techniques that sequences can be classified based on taxonomy and
function, and effective in establishing phylogenetic relatedness above the
genus level (Lozupone, Hamady, Kelley, & Knight, 2007). Polymerase
Chain Reaction (PCR) is the most widely used methods for nucleic acid
amplification. Following the PCR reaction, various post-amplification
methods are applied to evaluate the PCR product such as use of specific
probes, direct sequence analysis and restriction enzymatic analysis
(Tabish et al., 2013).

Fingerprint-based methods

In general, genetic fingerprinting techniques generate a profile or
pattern of the microbial community diversity based on amplification of
a specific gene followed by separation of DNA fragments by
electrophoresis. The resulting reactions vyield fingerprints with
fragments of different sizes that allow discrimination of a wide variety of
microbes. Different samples can then be compared using computer
assisted cluster analysis by software packages such as GelComparll and
BioNumerics (Rastogi & Sani, 2011). These techniques are rapid and
relatively easy to perform in which multiple samples can be
simultaneously analysed (Hamady & Knight, 2009). The predominant
fingerprinting technologies that have been used for microbe
identification include amplified fragment length polymorphism (AFLP),
restriction fragment length polymorphism (RFLP), pulsed-field gel
electrophoresis (PFGE), random amplification of polymorphic DNA
(RAPD), ribotyping, repetitive element polymerase chain reaction (rep-
PCR) and multiplex PCR (Emerson, Agulto, Liu, & Liu, 2008).
Descriptions of these fingerprinting technologies are provided in Table
1.

Sequencing-based methods

Conventional cultivation methods have a major drawback in
identifying a vast majority of microorganisms in environmental samples
due to the presence of non-culturable microorganisms (Mocali &
Benedetti, 2010). To date, sequencing-based methods are widely used for
identification and characterization of unknown bacteria or novel
pathogens isolates. These methods require the use of software tools such
as Basic Local Alignment Sequence Tool (BLASTn) and FASTA to
compare a query sequence to known sequences in the National Center
for Biological Information (NCBI) GenBank for species identification.
Other specialized databases such as MicroSeq (Applied Biosystem) and
BIBI (Devulder, Perriere, Baty, & Flandrois, 2003), have also been
developed for the characterization of microorganisms. Some of the most

commonly used sequencing-based identification techniques are
discussed below.

Ribosomal gene sequencing

Ribosomal gene sequencing is relatively rapid and well-established
technique for characterisation of a number of microorganisms,
especially for unusual, non-culturable, and slow-growing pathogens
(Millar et al., 2007). Three rRNA genes are found in bacteria, i.e. 55, 16S
and 23S rRNA. However, the 16S rRNA gene has been extensively used
in microbial detection due to several reasons, i) 16S rRNA gene is
universally found in all bacteria with well known function, ii) 16S rRNA
gene evolves at a slow and constant mutation rate over time. The gene
sequence has both conserved and variable sequence motifs, which are
useful for phylogenetic analysis, and iii) The gene has appropriate
sequence size (around 1500 bp), which make it easy to sequence and
large enough for identification and analysis of phylogeny (Clarridge &
Alerts, 2004). The rRNA gene sequences has been widely used to
identify and classify microbial species, and investigate microbial
diversity in a range of environments. For instance, the phylogenetic
relationship of the actinobacteria (Girard et al, 2013) and fungus
(Borneman & Hartin, 2000) isolated from environmental samples could
be successfully determined based on rRNA gene homology. Recently, the
16S-23S rRNA intergenic transcribed spacer (ITS) has also been
employed for identification due to its high sequence variability, which is
useful for species recognition. These ITS regions surrounded by
conserved sequences (165/23S and 5.85/185/28S) can be amplified using
universal bacterial or fungal primers (Tabish et al., 2013).

Analysis of rRNA begins by amplifying the gene coding for rRNA
followed by sequencing and database searches. The calculation of
pairwise of sequence similarity for the target rRNA gene can be carried
out using the Ez-Taxon-e server (Kim et al., 2012). Sequence reads can
be taxonomically assigned using bioinformatics tools, such as the Naive
Bayesian Classifier tool (Wang, Garrity, Tiedje, & Cole, 2007) by
comparing the sequence with known taxonomically classified sequences
deposited in public universal databases. For instance, Ribosomal
Database Project (Wang et al., 2007), Greengenes (DeSantis et al.,, 2006),
SILVA (Quast et al., 2013) and ribosomal RNA operon copy number
database (rrnDB) (Stoddard, Smith, Hein, Roller, & Schmidt, 2015). In
addition, a database of molecular markers, namely The Targeted Loci
Project, has been developed for phylogentic analysis and identification
of bacteria, archae and fungi (Tatusova et al, 2015). Lastly, a
phylogenetic tree can be constructed using the Molecular Evolutionary
Genetics Analysis (MEGA) software 5.0 to examine evolutionary
relationships (Tamura et al.,, 2011).

Multilocus sequencing

In recent decades, multilocus sequencing has become one of the
powerful tools used for typing of microbial species. Two multiple
sequencing techniques are currently used, 1) multilocus sequence typing
(MLST) and multilocus sequence analysis (MLSA). MLST is a well-
established technique, which identifies internal fragments (usually 400
to 500 bp) of multiple housekeeping genes using specific primers to
allow amplification and sequencing of the products. Different sequences
within a bacteria species are assigned as distinct alleles for each
housekeeping gene and a unique combination of alleles at each locus
define the allelic profile that specifies the sequence type (ST). The allelic
profile can then be compared with a public accessible database
(www.mlst.net) to determine the genetic relatedness of the bacterial
strains. Lastly, a dendrogram is constructed to determine the
relationships among different ST wusing the matrix of pairwise
differences between allelic profiles. Various bioinformatics tools such
eBURST (Feil, Li, Aanensen, Hanage, & Spratt, 2004), SeqMan
(DNASTAR, USA), BioNumerics (Applied Maths, Belgium) and MEGA
(Tamura etal., 2011), have facilitated researchers to analyse and process
MLST data.

Several different MLST strategies have been applied in bacteria
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Table 1: Common fingerprinting methods used in microbe identification

Method Description Database
Amplified fragment length The use of two restriction enzymes to digest chromosomal DNA followed by User generated
polymorphism (AFLP) linking of adapters to the restriction sites

Restriction fragment length The use of restriction enzymes to digest chromosomal DNA followed by User generated

polymorphism (RFLP)
Pulsed-field gel electrophoresis
(PFGE)

Random amplification of
polymorphic DNA (RAPD)

Ribotyping

Repetitive element polymerase
chain reaction (rep-PCR)

Multiplex PCR

separation of the restriction fragments by electrophoresis. Fragments are then
transferred to a membrane filter by southern blot procedure and hybridize with
label DNA probe

Chromosomal DNA is separated in a gel matrix by applying an electrical
current

Short random primers (typically 10-mer primers) are used to randomly amplify
segments of target DNA under low annealing temperature.

The use of restriction enzyme to digest genomic DNA into small fragments
followed by probing for rRNA gene using southern blot hybridization

Repetitive DNA elements in the chromosomes of bacteria are amplified by
PCR, which produces fingerprinting pattern specific to each strain

Several different target DNA sequences can be amplified simultaneously by
using multiple primer pairs in a mixture

Public universal database
PulseNet
(www.cdc.gov/pulsenet)
User generated

User generated; Commercial
universal database available

Eg. DuPont’s RiboPrinter system
(www.dupont.com)

User generated; commercial
individual database available

Eg. DiversiLab system
(www.biomerieux-diagnostics.com)
User generated

Pattern-matching analysis
with reference gels

_ /7 148 2
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Figure 1: Overview of proteomics methods in microbial identification

isolated from the environment or human, as for instance, Salmonella
spp. (Sun et al., 2014), Streptomyces spp. (Rong & Huang, 2010), and
Enterococcus spp. (Ruiz-Garbajosa et al., 2006). Alternatively, MLSA can
also be used to determine the phylogenetic relationships between closely
related bacterial species. MLSA involves DNA sequencing of multiple
fragments of conserved protein encoding genes followed by a
comparison of concatenated sequences. This method uses a smaller
subset of genes (< 6) as compared to MLST (Gevers et al., 2005).
Recently, a ribosomal multilocus sequence typing (rMLST) approach
has been developed, which provides a universal reference point to
complement existing multilocus sequencing methods. This method uses
the 53 ribossomal protein subunits (rps genes) that allows universal
characterization of bacteria from domain to strain (Jolley et al., 2012).

Whole microbial genome sequencing
Since the first report on the complete microbial genome of

Haemophilus influenza in 1995 (Fleischmann et al., 1995), currently over
hundreds of microbial genome have been sequenced and archived in the

NCBI genome database. More than 10000 microbial genome assemblies
have been publicly accessible in the year of 2014, in which nearly 30000
prokaryotic genomes have been successfully sequenced (Tatusova et al.,
2015). The rapid advent of the high-throughput next generation
sequencing technologies such as pyrosequencing, Illumina, and
bioinformatics tools have dramatically reduced the cost and time needed
for whole microbial genome sequencing projects. The major impact of
the bioinformatics in genome sequencing include, 1) development of
automated sequencing techniques 2) combining the sequences of
smaller fragments (contigs) together to create a complete whole genome
sequence, and 3) the prediction of promoters and protein coding regions
of the genome (Bansal, 2005).

Genome sequencing provides a more comprehensive view of
microbial genetic diversity by analysing all the genetic information
present in a target sample. Briefly, the procedures used in microbial
sequencing involve, 1) DNA extraction of target sample, 2) random
fragmentation of target DNA into small fragments, 3) ligation and
cloning, 4) sequencing of DNA fragments, 5) sequences alignment using
specialized programs such as MEGAN Metagenome analyser (Huson,
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Auch, Qi, & Schuster, 2007), 6) the annotation of sequences in open
reading frame (ORFs) to predict encoded protein and gene functions
(Rastogi & Sani, 2011). Whole genome sequences of multiple organisms
can be compared by using specialized databases such as Integrated
Microbial Genomes, IMG (Markowitz et al, 2012), and Microbial
Genome Database, MBGD (Uchiyama, Mihara, Nishide, & Chiba,
2015). Bioinformatics tools based on whole genome polymorphism
comparisons have proved to be useful in identifying marker sequences
for the identification and differentiation of microbial species
(Nagarajan, Loh, & Swarup, 2013).

Metagenomics

Metagenomics is a new promising technique in which the genome
contents of a microbial community are sequenced for the determination
of the microbial diversity and microbial functional ability in the
environment. Also, metagenomics approach can be used to identify
microbial strains or genes of biotechnological interest for several
biotechnology applications such as discovering new antibiotics and
enzymes, and the remediation of natural and artificial pollutants
(Abbasian, Lockington, Megharaj, & Naidu, 2015).

One major advantage of metagenomics is the direct sequencing of
the samples without the need of cultivation or any prior knowledge of
the gene sequence. However, the application of metagenomics generates
a huge amount of complex data that can only be analysed or processed
using powerful bioinformatics tools. Consequently, several
computational tools such as MG-RAST (Meyer et al,, 2008), IMG/M
(Markowitz et al., 2012), CAMERA (Sun et al, 2011), have been
developed to facilitate the analysis of complex metagenomic data sets.
Metagenomics analysis based on high-throughput sequencing approach

is applicable to any environment. For example, gene samples from nine
microbial communities of distinct environments were obtained by
pyrosequencing, followed by a comparative analysis to determine
different metabolic requirements characteristic to each habitat
(Dinsdale et al., 2008).

The employment of high-throughput sequencing (HTS) coupled
with powerful bioinformatics tools for metagenomics data analysis has
prompted the creation of large scale metagenomic projects. For example,
the Human Microbiome Project (HMP) funded by the National
Institutes of Health (NIH), is mapping all the microbial communities to
study human associated microbes (Tumbaugh et al., 2007; Aagaard et
al,, 2013). A total of 178 microbial genomes had been completely
annotated under The Human Microbiome Jumpstart Reference Strains
Consortium (Proctor, 2011).

DNA microarray

An intermediate method between fingerprinting and sequencing
techniques is the use of DNA microarray. This approach allows
simultaneous identification of specific microbes and providing
ecological context for the phylogenetic resolution and functional
structure of a given microbial community (Emerson et al., 2008). Briefly,
microarray works on the general principle of spotting DNA fragment
(probes) for thousands of genes onto a surface of glass or plastic and
subsequently bind to complementary DNA or RNA strand.
Hybridization is quantified by detection of a fluorescent-labelled targets
using laser scanners. The scanner generates a digital image that is further
analysed by specialized software to transform it into a numerical reading
to determine the relative concentrations of DNA in a sample (Tabish et
al,, 2013). A whole genome DNA microarray can be created for a
comprehensive genetic analysis of an organism. Genomic variation (e.g.
amplications, deletions, insertions, rearrangements, and base-pair
changes) can be detected using microarray-based approaches (Gresham,
Dunham, & Botstein, 2008).

Two types of DNA microarray are currently recognized. They are
cDNA arrays and oligonucleotide arrays. In general, cDNA arrays are
made by printing a double stranded cDNA on a solid surface using

robotic pins whereas oligonucleotide arrays are produced by
synthesizing specific oligonucleotides in a specific alignment on a solid
support using photolithography (Singh & Kumar, 2013). DNA
microarray used in microbial ecology could be classified into two
categories, 1) PhyloChip, which has been developed based on the small-
subunit ribosomal gene (Wilson et al., 2002); 2) Functional gene arrays
such as GeoChip, which has been developed to identify microbes
involved in essential biogeochemical processes (He et al., 2007).

PROTEOMICS TECHNOLOGIES

The advent of new proteomics technologies creates an excellent
complement to genomics-based methods for microbial identification.
Microbial samples can be analysed either using gel-based one-or two-
dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) or different MS-based techniques. In recent decades, mass
spectrometry (MS) has become a popular tool for rapid microbial
characterization based on the identification of protein biomarkers using
experimental mass spectra data. The predominant mass spectrometry
techniques that have been utilized for microbial identification and
characterization include matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS), electrospray
ionization mass spectrometry (ESI-MS), surface-enhanced laser
desorption/ionization mass spectrometry (SELDI), or the combination
of mass spectrometry, gel electrophoresis and bioinformatics (Emerson
et al., 2008). The unknown microbial sample will be identified using
bioinformatics analysis (database search and computer algorithm
analysis) either via comparison of mass spectra data with a proteomics
database containing mass spectra of known organism, or through
protein sequence matching in the publicly available protein database.

Overview of proteomics methods in microbial identification is
summarized in Figure 1 (Emerson et al., 2008).

Gel-based proteomics methods

SDS-PAGE is one of the most established gel-based technique in
which microbe can be differentiated based on their cellular protein
contents. First, microbial lysate is prepared and run on SDS-PAGE to
separate their whole cell protein content. The SDS-PAGE can then be
analysed by comparing it with publicly available reference gel patterns
in a protein database. Protein spots of interest can be excised, and
subjected to mass analysis to determine their molecular weight (Pandey
& Mann, 2000). Another type of approach known as two-dimensional
gel electrophoresis (2DE), which uses the combination of isoelectric
focusing (IEF) and SDS-PAGE (Magdeldin et al., 2014). Complex
mixtures consisted of several thousands of different cellular proteins can
be resolved in a single gel analysis. Proteins are first separated via
isoelectric focusing (IEF), which separates proteins with a pH gradient
according to their isoelectric point, followed by the second dimension
SDS-PAGE, which separates each protein according to their molecular
weight. A 2DE map generated by an unknown sample can be further
analysed by comparing it with the reference database for identification
(Magdeldin et al, 2014). Although gel-based techniques are long
established, it is still labour-intensive and not suitable for point of care
applications.

Matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS)

Advance mass spectrometry techniques such as MALDI-TOF MS,
has emerged as a powerful, rapid and accurate tool for the identification
and characterization of microorganisms. It has been used for the routine
clinical diagnosis of pathogens, and identification of environmental
organisms, in particular fastidious and slow growing organisms (Biswas
& Rolain, 2013). In practice, the sample is spotted on a MALDI-TOF
sample target with a matrix solution and allowed to air dry. The plate is
then inserted in the MS and bombarded with a laser to create gas phase
ions. The released ions travel through a vacuum tube and the time-of-
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flight of the ions is precisely measured (Glish & Vachet, 2003). A mass
of spectral fingerprint is generated, which contains mass-to-charge
ratios of the molecules detected for each species. An unknown species
can be identified by comparing the obtained unique spectra with an
empirically compiled mass spectral reference database of known
organisms. Several studies have been carried out in which MALDI-TOF
MS has been successfully used for the identification of a variety of
bacteria, including Salmonella spp. (Dieckmann & Malorny, 2011),
Staphylococcus spp. (Wolters et al., 2011), anaerobic bacteria (Barba et
al., 2014), Streptomyces spp. (Arango et al., 2018), Enterococcus spp. and
Escherichia coli (Santos et al., 2015).

Electrospray ionization mass spectrometry (ESI-MS)

Over the last decade, ESI-MS has emerged as a sensitive, rapid and
reliable tool for identifying complex, non-volatile and thermally labile
biological sample. EST uses high voltage electrical energy to transfer ion
from the liquid into the gaseous phases, followed by mass spectrometric
analysis (Glish & Vachet, 2003). A major breakthrough in ESI-MS is the
development of tandem mass spectrometry (MS/MS). Tandem mass
spectrometry involves two stages of mass analysis to examine the
fragmentation of the protein of interest (Glish & Vachet, 2003). Protein
fragment sequence information can then be generated and subjected to
a database search to identify that specific protein. A major application of
MS/MS based technologies is the use of liquid chromatography mass
spectrometry (LC-MS/MS) for quantitative analysis of compounds in
pharmaceutical studies (Haneef et al, 2013). The structure of a
compound can be determined based on the molecular ion peaks and
fragmentation patterns. A vast amount of protein and peptide data
created by tandem mass spectrometry needs to be properly managed for
better outcomes. Thus, various bioinformatics software analysis tools
have been developed to address this task. Peptide identification
algorithms can be broken into two broad categories: (1) database search,
which identify peptide by matching the unknown amino acid sequences
against a protein database such as UniProt (Apweiler et al., 2004), and
(2) de novo search, which infers peptide sequences without the need of
genomic data. Several peptide searching algorithms have been
successfully established. For example, Mascot (Perkins, Pappin, Creasy,
& Cottrell, 1999), SEQUEST (Diament & Noble, 2011), MassWiz (Yadav
etal, 2011), and PEAKS DB (Zhang et al., 2011).

Surface-enhanced laser desorption/ionization mass spectrometry
(SELDI)

The SELDI mass spectrometry is a rapid and high-throughput
technique for profiling protein mixtures. A major advantage of SELDI is
its ability to analyse protein samples with high throughput capacity and
minimal sample requirement. This technique utilizes chromatographic
chip (ProteinChip) with modified surfaces that allows the separation of
proteins based on their chemical and physical characteristics (i.e.
hydrophobic, hydrophilic, acidic, metal affinity). The sample is applied
directly to the surface and the bound proteins are profiled using the mass
analyser. The integrated mass analyser will produce mass spectra data
based on the mass-to-charge ratio of the proteins for further analysis
(Nilsen et al.,, 2011). The most widely used bioinformatics approaches
for SELDI spectra data analysis are decision tree-based ones and support
vector machines (Smith et al., 2007). SELDI technology becomes an
alternative approach for microbial identification and differentiation
based on the comparison of protein profiling. This technology has also
been widely used for biomarker discovery and protein profiling studies
in the medical oncology field (Rodrigo et al., 2014; Smith et al., 2007).

CHALLENGES IN BIOINFORMATICS

The rapid advent of new microbial identification methods that are
based primarily on molecular-based techniques and bioinformatics tools
offer an excellent complement to conventional microbiological methods
(Emerson et al, 2008). Though many molecular techniques and

bioinformatics tools have been introduced for microbial identification,
some challenges and limitations still exist. The major drawbacks of
bioinformatics approaches are they often involve stimulation-based
science. Despite the use of sophisticated bioinformatics tools to model
an experiment and predict the outcomes, there is a need to perform wet-
lab experiments to testify the predictions made. Thus, the progress in
these techniques has to remain interdependent to facilitate the detection
of microorganisms (Bansal, 2005).

Sequence-based identification methods become more cost-effective
nowadays due to the development of next generation sequencing
technologies. Based on the data collected from National Human
Genome Research Institute, there is a substantial reduction in the cost of
sequencing (Chun & Rainey, 2014). Advances in the field of genome
sequencing have dramatically increased the amount of genome
sequences stored in public databases. Consequently, data-mining of this
vast amount of dataset for microbial identification will be challenging
considering the cost of accessing the necessary bioinformatics hardware
and software (Chun & Rainey, 2014). A greater challenge will be the
establishment of integrated databases for rapid assembly of immense
amount of sequences data. It is also difficult to maintain a large and
rapidly growing database (Emerson et al., 2008). Many databases have
been closed or terminated due to inability to deal with massive amount
of new data and insufficient funding to maintain readily available
databases. Though GenBank is a primary public database, its data entries
may be mistakenly labelled and contaminated, leading to wrong
interpretation (Tabish et al., 2013).

The development of bioinformatics research and applications has
facilitated microbial characterization via automated analysis of huge
number of microbial genomes. However, it has several limitations: (1)
lack of available gene-functionality from the wet-lab data, (2) lack of
computational methods to explore huge data with unknown
functionality, (3) limited availability of protein-protein and protein-
DNA interactions, and (4) limited knowledge of transient temporal
behavior of genes and molecular pathways (Bansal, 2005). Remaining
challenges include the lack of standardized methods for routine
application of these techniques, and lack of sufficient experience
scientists to carry bioinformatics research (Emerson et al.,, 2008).

CONCLUSION

The advance development of genomics and proteomics
technologies, as well as the high-throughput bioinformatics tools have
promoted the study of microbial biotechnology. It is becoming apparent
that public accessible genomic and proteomics databases play a critical
role in identifying microbe based on the wet-lab derived sequence
information. Since molecular identification technologies are highly
dependent on the bioinformatics, continuous improvement of the
software and databases are critical for more accurate analysis. Although
most of the molecular identification approaches available have some
limitations for complex microbial communities structure and function
analysis, a combination of several molecular techniques can be applied
to increase the accuracy and reliability of test results. The development
of high-throughput microbial identification techniques with
bioinformatics capabilities are needed for the maintenance of public
health.
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