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Abstract

Metagenomic studies facilitate the detection of microbial communities without culturing
of bacteria; in addition, direct molecular methods preserve the in situ metabolic status and
microbial community composition-because samples are frozen immediately after acquisition.
Also direct extraction of nucleic acids from experimental samples accounts for the very large
proportions of microorganisms (90-99.9%) that are not readily cultured in the laboratory, but that
may be responsible for the majority of the biodegradable activity of interest. The development of
metagenomics and the application of high throughput technologies for handling and screening of
very large numbers of clones represent important factors to increase speed and efficacy of
enzyme discovery, thus accelerating and broadening the establishment of biocatalytic
applications. In addition to application-oriented benefits, phylogenetic analysis of novel genes
could also provide insight into evolutionary affinity, natural distribution and development of
distinct enzymatic activities and could serve to elucidate evolutionary structure-function
relationships. When combined with classic microbiological methods, these molecular biological
methods and metagenomics approach will pave a new way to explore novel catabolic genes

responsible for degradation of toxic pollutants.
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Introduction

Most of the microorganisms on earth are shrouded from our curious eyes because of their
reluctance to grow in pure culture.Conventionally, characterization of various microbial
communities in contaminated soil and water has been limited to the ability to culture
microorganisms from environmental samples. Unfortunately, only a few numbers of the
microorganisms can be cultured in the laboratory which involved in the biodegradation of
contaminants in soil and water (Malik et al., 2008). A recent study has predicted thatlg of soil
may contain >1 million distinct bacterial genomes (Gans et al., 2005), drastically greater than the
estimates of 4,000 different species (Torsvik et al., 2002), but less than 1% of these may be
culturable. More than 99% of the microorganisms present in many natural environments are not
easily culturableand so not accessible for biotechnology or basic research (Kimura, 2006).The
fast growing organisms or strains adapted to particular culture conditions grow favorablywhich
do not accurately represent the actual microbial community composition (Gilbride et al.,2006).
Hence Cultivation based methods elucidating only smallnumber of microorganisms at
contaminated sites may limit the scope of microbial biodiversity and the ecological importance
of unculturable organisms at contaminated sites may go undetected (Widada et al., 2002;

Chakraborty et al., 2022).

To overcome the necessity for culturing microorganisms,modern molecular techniques
provide an opportunityin further understanding of microbial diversity and its functionality.It is
based on the characterization of cellular constituents such as nucleic acids, proteins, fatty acids
and other taxa-specific compounds (Rossello-Mora and Amann, 2001; Godheja et al.,
2014)which can be extracted directly from environmental samples without the need for culturing

and also preserve itsin situ metabolic function (Wilson et al., 1999).



16S rRNA hypervariable region

Here, we reviewed the species abundance and diversity of the bacterial community using 16s
rRNA hypervariable region through ion torrent sequencingat each stage of the CETP. The small
subunit16S ribosomal RNA molecule has been found to be the most versatile and reliable marker
for the detection of bacterial populations. It includes nine hypervariable regions (V1-V9) used to
distinguish sequences flanking with nine highly conserved regions (C1-C9) used as primer for
PCR amplification (Baker et al., 2003). The four hypervarible regions are commonly used for the
analysis namely V3, V4, V5 and V6wherein V6 region with 100 bp is used in ion torrent
platform. Even thoughV6 is a shorter region, it explicated the phylogeny and bacterial

community was profiled clearly.

PCR-based pyrosequencing of 16S rRNA genes (commonly defined as ‘16S pyrotags’) allows
researchers to profile highly complex bacterial community compositions in depth, especially for
exploring currently uncultivated and unknown bacteria. All commonly used 16S rRNA gene
universal primers are designed in the highly conserved regions that are believed to exhibit
different coverage for different bacterial lineages. This has been revealed by computational
simulation (in silico prediction) using the collected 16S rRNA gene databases (Nossa et al.,

2010).

Novel microbes from various niches

Microorganisms are ubiquitous contributors in global biogeochemical cycles, and their
ability to degrade or transform environmental pollutants that are otherwise persistent in the
environment has sparked an interest in the mechanisms underlying these natural processes.

Harnessing those biochemical reactions in the practice of bioremediation is an attractive option



for eliminating harmful compounds from contaminated sites (Liu and Suflita, 1993), but
understanding the microbial physiology underlying biodegradation processes that take place in
situ can also be helpful for improving the process of biostimulation or co-metabolism (Nzila,
2013). However, our current understanding of bacterial metabolism is limited by our apparent
inability to grow the vast majority of environmental bacteria in a pure culture (Pham and Kim,
2012). In the last decade molecular cultivation-independent techniques have allowed the access
to yet uncultivated microorganisms in several environmental niches, providing significant
insights into bacterial communities in wastewater treatment processes (Silva et al., 2010). Many
studies related to an activity-based strategy have demonstrated that the metagenomic approach
allows for finding various biocatalysts such as lipases, esterases, amylases, cellulases, xylanases,
proteases and nitrilases (Jeon et al.,2009) and novel antibiotics, such as turbomycin A and B
(Gillespie et al., 2002). Metagenomic screening of extreme environments, soda-lakes in Africa
and Egypt, detected more than a dozen cellulases, some of which displayed habitat related
halotolerant characteristics (Rees et al., 2005; IImberger and Streit, 2017). One of the earliest
articles presenting metagenome-derived biocatalysts reported the detection of cellulases from a
thermophilic, anaerobic digester fueled by lignocelluloses (Healy et al., 1995). While most
metagenomic surveys for novel cellulases concentrate on extreme environments, there is
sufficient evidence that non-extreme, and therefore highly genetically diverse, environments also
contain a range of cellulases which are highly stable and suitable for industrial applications

(Voget et al., 2006).

Metagenomic DNA extraction and purification
The physical and chemical structure of each microbial community affects the quality, size

and amount of microbial DNA that can be extracted. Accessing planktonic communities requires



equipment that is capable of handling large volumes of water to concentrate sufficient microbial
biomass to obtain enough DNA to build libraries (Griffiths et al., 2000; Felczykowska et al.,
2015). Contaminating chemicals and enzymes often remain in the water, making it relatively
easy to isolate DNA without abundant contaminants. In contrast, inorganic soil components,
such as negatively and positively charged clay particles and biochemical contaminants, such as
humic acids and DNases, make DNA extraction from soils and subsequent manipulation,
challenging. The process for removing contaminants determines both the clonability and the size
of the DNA because many of the processes that effectively remove contaminants that inhibit
cloning also shear the DNA (Gupta et al., 2018). Physical disassociation of microbes from the
semisolid matrix, typically termed ‘cell separation’, can yield a cell pellet from which DNA
(Roose-Amsaleg et al., 2001), especially high molecular weight (>20 kb) DNA, can be obtained.
Immobilization of cells in an agarose matrix further reduces DNA shear forces and, following
electrophoresis, facilitates separation of high molecular weight DNA from humic acids and
DNases. Various commercial kits can be used to extract DNA from soil and other semisolid
matrices. Applying multiple extraction methods to a DNA sample can yield minimally
contaminated DNA. For example, a Fast DNA Spin (Qbiogene) preparation followed by a
cetyltrimethylammonium bromide (CTAB) extraction yields high quality DNA. Due to shear
forces, low molecular weight DNA is typically isolated, but the physically vigorous nature of
some of these methods can facilitate lysis of encapsulated bacteria, spores, and other microbial
structures that are resistant to more ‘gentle’ lysis methods, thereby providing access to a greater,
more diverse proportion of the microbial community for cloning (Handelsman et al., 1998;

Handelsman, 2004).



Library construction

The choice of cloning vector and strategy largely reflects the desired library structure
(i.e., insert size and number of clones) and target activities sought. To obtain a function encoded
by a single gene, small DNA fragments (20 kb) must be cloned into fosmids, cosmids or
Bacterial Artificial Chromosomes (BACs), all of which can stably maintain large DNA
fragments (Mokoena, 2019). Two vectors, namely pCC1FOS and pWE15, have been used for
cloning large DNA fragments from various microbial communities (Viszwapriya and
Karuthapandian, 2017). The pCC1FOS vector has the advantage that, its copy number can be
controlled by addition of arabinose in the medium to increase DNA vyield in the appropriate host

(e.g. E. coli Epi300).

BAC, Yeast Artificial Chromosome (YAC), Cosmid and Fosmid are commonly used to
navigate high elevate clone, linear level of non- clustered subcloning fragment library can be
achieved through pUC vector series (Rajendren and Gunasekaran, 2008). Nevertheless,
actinomycetes possess interesting genes coding for enzymes and antibiotic synthesis.
Actinomycetes devote a large part of their genomes to the synthesis of secondary
metabolites(Hug et al., 2018). An average actinomycetes strain has the genetic potential to
produce 10-20 secondary metabolites (Omura et al., 2001). Thus, it is important to develop
metagenomic libraries for the identification of functional genes from environmental samples that
are rich in actinomycetes. For this, a submetagenomic library may be generated using E. coli—
Streptomyces Artificial Chromosome (ESAC) vectors to create expression libraries in

Streptomyces organism (Rajendren and Gunasekaran, 2008; Sosio et al., 2000).



Community complexity and metagenomic library structure

The determination of target insert size, cloning vector, and minimum number of library
clones is governed by the type of genes that are sought and the complexity of the microbial
community (Ferrer et al., 2009). Shotgun sequencing is usually conducted on small-insert clones,
whereas successful functional studies can be performed on small- and large-insert clones. Small-
insert metagenomic libraries constructed in plasmids that stably maintain up to 10 kb of DNA
require 3—20 times more clones compared to libraries constructed in fosmids (30—40 kb inserts)
or BACs (up to 200 kb inserts) to obtain comparable coverage of the same microbial community
(Benbelgacem et al., 2018). Community coverage is possible only in relatively simple microbial
communities like the acid mine drainage, which contains only about five members. This
community was sampled and sequenced deeply with a high-density, large-insert metagenomic
library, making it possible to reconstruct the genome of one member. In contrast, the
metagenome of a very complex community such as that in soil can only be sampled, not
exhaustively sequenced. With today’s technology, a community can be sequenced to closure
more quickly and cheaply with small than large insert clones, but future technology development
may change this. In activity based analysis, large inserts are preferable because the probability
that the target activity is encoded by any one clone is positively correlated with the size of the
insert, and if the activity is encoded by a cluster of genes, they are more likely to be captured in a

large insert (Handelsman et al.,1998).

Screening of enzymes from metagenomic library
Metagenomics has increased the probability to discover several novel enzymes with high
and specific catalytic properties sought for various industrial applications like synthetic organic

chemistry, chiral resolutions, food and flavour, biofuels and synthetic biology (Kennedy et



al.,2008) obtained from microbial communities that either confounded cultivation or failed to
yield new culture isolates upon repeated attempts through metagenomics (Madhuri et al., 2019).
Assays that have historically been used to identify enzymes (e.g., amylases, cellulases,
chitinases, and lipases) in cultured isolates have been applied successfully to functional
metagenomics (Henne et al., 1999). Function-based metagenomic analysis of Wisconsin
agricultural soil yielded 41 clones having either antibiotic, lipase, DNase, amylase, or hemolytic
activities among BAC libraries containing 28,000 clones with an average insert size of 43 kb.
The frequency of finding active clones in these libraries ranged from 1:456 to 1:3648, which is
similar to the results from other metagenomic surveys for biocatalysts, thereby highlighting the

need for robust assays for functional analysis (Rondon et al., 2000).

Functional metagenomics

Plenty of novel genes encoding industrially important enzymes have been isolated from
the metagenome. Typical reviews summarize the discovery of biocatalysts using metagenomics
(Ferrer et al., 2005 a & b). A cost effective production of second-generation biofuels has been a
hot spot of research and industries since a decade. Biofuels have attracted great interest as an
alternative, renewable source of energy. Energy dependence on ongoing fossil fuels and growing
environmental awareness of the critical consequences of burning such fuels has forced the
necessity of production of cost effective, eco-friendly and renewable resources. Plant biomass is
the most abundant biopolymer containing the largest reservoirs of organic carbon on Earth is
largely inaccessible to most organisms (Gupta and Sharma,2011). These biopolymers, mainly
present in the form of celluloses, hemicelluloses, and lignin, have been well-recognized as a
potential sustainable source for biofuel production. Examples of microbial degradation of major

plant biomass i.e. lignocelluloses for biofuel production are diverse. Still our current



understanding of the enzymes involved in these processes is limited to a handful of model
organisms such as the fungus Trichoderma reesei and the bacterium Clostridium thermocellum
(Rubin, 2008).There are several biofuels which have already been produced commercially e.g.
bioethanol, biobutanol, biodiesel and biogases; however cost-effective production methods are
still elusive. In order to identify novel microbes and enzymes to accomplish the goal of cost-
effective production, metagenomic libraries from several resources are being targeted (Singh et

al., 2009).

Advancement in screening of metagenomes

Number of bottlenecks was faced in metagenomic screening that need to be resolved in
order to improve the discovery rate of target enzymes. These limitations can be grouped in three
main categories. First, there is a need for improvement in host organism capabilities with the aim
of improving the expression of the target enzymes. Second, the development of new genetic tools
is necessary in order to improve the construction of metagenomic libraries suitable for screening
in different hosts. Finally, continuation of ongoing research to elaborate novel screening
strategies that enhance the discovery rate of the enzymes of interest is needed (Guazzaroniet al.,
2015). The design aspect focuses on the planning and construction of new gene circuits for the
desired application (Canton et al., 2008). Modelling involves computational simulation of the
proposed gene circuits in order to both evaluate performance and capabilities and to guide the
selection of the suitable molecular components necessary for its construction (Koide et al.,
2009). The implementation step encompasses the physical assembly of the DNA elements
encoding the appropriate components (such as promoters, regulators, terminators, enzymes,

transporters, etc.) and follows a specific assembly standard (Alves et al., 2017; Arkin, 2008).



M13 based insert amplification from metagenome library

The limitation of small fragment cloning or subcloning vector and E. coli as a host for
comprehensive mining of metagenomic samples is highlighted by the low number of positive
clones obtained during a single round of screening (typically less than 0.01%). A recent study
indicates that it is virtually impossible to recover translational fusion products owing to the high
number of clones (0107) that would need to be screened through SIGEX and M13 (Gabor et al.,
2004). Intuitively, expression from native promoters and read-through transcription from the
vector-based M13 promoter offer the best chance for recovery of heterologously expressing
genes. Statistically, for a small insert (>10 Kb) library, between 10° and 10° clones need to be
screened for a single hit (Henne et al., 1999). This suggests that without sample enrichment the
discovery of specific genes in a complex metagenome is technically challenging. The assumption
that expression in an E. coli host will not impose a further bias is largely untested. Although the
vector and E. coli transcriptional machinery is known to be relatively promiscuous in
recognizing foreign expression signals, a bias in favour of Firmicutes genes has been established
(Srivastavaet al., 2013; Gabor et al., 2004). The further development of host screening systems is

therefore a fruitful approach for the more effective future exploitation of metagenomes.

A laboratory-scale sequencing batch reactor was successfully operated for different levels
of Enhanced Biological Phospahate Removal (EBPR), removing around 25, 40 and 55 mg/Il. The
microbial communities were dominated by the uncultured polyphosphate-accumulating organism
‘‘CandidatusAccumulibacterphosphatis’> (CAP). When EBPR failed, the sludge was dominated
by tetrad-forming a-Proteobacteria. Representative and reproducible 2D gel protein separations
were obtained for all sludge samples. 638 protein spots were matched across gels generated from

the phosphate removing sludges. A 111 of these were excised and 46 proteins were identified



using recently available sludge metagenomic sequences. Many of these closely match proteins
from ‘‘CandidatusAccumulibacterphosphatis’’ and could be directly linked to the EBPR process.
They included enzymes involved in energy generation, olyhydroxyalkanoate synthesis,
glycolysis, gluconeogenesis, glycogen synthesis, glyoxylate/TCA cycle, fatty acid b oxidation,
fatty acid synthesis and phosphate transport. Several proteins involved in cellular stress response

were detected (Wilmeset al., 2008).

Novel molecules recovery

The list of published biocatalysts and bioactive compounds discovered by screening of
complex environment DNA libraries is still rather small, but grows rapidly. The list includes
biocatalysts of industrial interest such as amylases, lipases, proteases, dehydratases,
oxidoreductases and agarases (Daniel, 2004). Richardson et al., (2002) described a high-
performance amylase for starch liquefaction that was generated by combining environmental

discovery and laboratory evolution for the identification and optimization of the enzyme.

To date at total of about 80 esterase or lipase-positive clones derived from metagenomes
have been reported (Pindi et al., 2009). The level of characterisation of these novel lipolytic
genes ranges from DNA restriction and sequencing analysis to determine clone diversity
(Rondon et al., 2000; Voget et al., 2006) to detailed biochemical analysis of the purified enzyme.
The esterases from the deep sea hypersaline basin display habitat related properties in that they
were most active at alkaline pH and displayed higher activities under high pressure conditions.
They displayed unique substrate spectra with EstA3 being able to hydrolyse substrates such as 7-
(3-octylcarboxy-(3-hydroxy- 3-methyl-butyloxy))-coumarin, a normally unreactive secondary

ester (Elend et al., 2006; Schmeisser et al., 2007).



Amylases have been in the focus of a number of many metagenome studies. Many
articles reporting the detection and characterisation of novel amylolytic enzymes from
metagenomic DNA libraries have been published (Richardson et al., 2002; Voget et al., 2003;
Yun et al., 2004; Vidya et al., 2011; Ferrer et al., 2005b; Wang et al., 2019; Ahmad et al., 2019;
Yadavet al., 2019). Aninteresting characteristics of amylases from a soil metagenome is
exhibitedas stable and active under alkaline conditions, with a pH optimum of 9.0, a
characteristic required of amylases in detergents (Yun et al., 2004; Yadav et al., 2019).
Functional screening of a soil metagenomic library for cellulases revealed a total of eight
cellulolytic clones, one of which was purified and characterised (Voget et al., 2006). Despite the
fact that this library had been generated from a soil sample collected from a non-extreme
environment, the cellulase displayed a high level of stability over a broad pH range, up to pH
9.0, it was stable at 40°C for up to 11 h and it was highly halotolerant being active and stable in

3M NacCl.

Chitinases have several biotechnological applications including increasing plant
resistance to fungal disease (Howard et al., 2003; Stoykov et al., 2015; Singh et al., 2021). There
are limitedmetagenomic studies that focus on chitinases from marine environments to date
(Cottrell et al., 1999) and one study using an enrichment approach in combination with
metagenomic technologies (Hoster et al., 2005, Jacquiod et al., 2013). The metagenomic survey
of the insect gut discovered four xylanases, which were phylogenetically distant from all other
known xylanases suggesting that they had evolved independently (Brennan et al., 2004; Wau,
2018). These xylanases are novel and produce unique hydrolysis products. Screening of the
lagoon resulted in the detection and characterisation of one xylanase which displayed habitat

related properties in that it was most active at lower temperatures (Lee et al., 2006; Pindi et al.,



2009). Thus, combining discovery of novel robust activities from the screening of metagenomic
libraries with modification by directed evolution or gene shuffling offers a great potential for

encountering and evolving commercially valuable biomolecules (Daniel, 2004).

lon torrent PGM sequencing is light independent where sequence composition is
determined by measuring pH changes due to hydrogen ion liberation as nucleotides are
incorporated during strand synthesis in picolitre wells (Rothberg et al., 2011; Whiteleyet al.,
2012). Integrated circuits are used to measure pH changes to identify the base incorporation
which removes need for expensive light detection systems, substantially reduces costs and
theoretically, it is infinitely scalable; since the number of sequences obtained simply equates to
the physical dimensions of the integrated sensor (Whiteley et al., 2012). Economical and rapid in
sequencing are the two important positive aspects of ion torrent technology (Glenn, 2011,
Krishnan et al., 2016), which has been used in diverse ecological systems, such as the Athabasca
river (Yergeau et al., 2012), human sub-gingival plaque (Zhou et al., 2013), sewage sludge

(Bibby et al., 2011), arctic soil (Bell et al., 2013) and oil-contaminated soil (Roy et al., 2013).

Apart from microbial community studies, ion torrent sequencing has been used to draft
the genomic sequences of bacteria, including Pseudomonas aeruginosa from crude oil-
contaminated soil (Roy et al., 2013), Sulfobacillusthermosulfidooxidans from mines (Travisany
et al., 2012), halotolerant Pontibacter sp. (Joshi et al., 2012) and Alkalibacillus haloalkaliphilis
from saline sediment. Similarly, CETP comprisediverse microbial populationincludes bacteria,
fungi, Archae, algae, protozoa and viruses. In aeration systems, bacteria are the dominant phyla
that are responsible for the digestion and removal of pollutants during the treatment
(Sanapareddyet al., 2009) where bacterial habitant in activated sludge are nitrifiers (Wang et al.,

2014), denitrifiers (Gentile et al., 2007), phosphorus-accumulating organisms and methanogens



(Fernandez et al., 2000). The presence of B-proteobacteria, Bacteroidetes and y-proteobacteria
groups is profusion in aerobic and anaerobic chamber of wastewater bioreactor identified by 16S
rRNA gene clone library (Niu et al., 2006; Kapley et al., 2007). The bacterial diversity has been
evaluated in aeration lagoon I and Il of tannery CETP through PCR-RFLP (Chandra et al.,

2010).

The characterisation of bacterial diversity of tannery CETP at the different treatment
stages is done by ion torrent sequencing (Krishnan et al., 2016). Usually, microbiota is the first
community of organisms to be influenced by the release of pollutants into the environment which
affects the microorganisms functionally that lead to change over in their physiology and diversity
(Silver, 1996). Thereby Bacterial diversity indices reflect the degree of environmental
contaminationpresumably by occurrence of resistant strains (Aiking et al., 1984). Microbial
communities in the water system can be used as a potential indicator of pollution because they

intakeof pollutants, even at minor levels (Yergeau et al., 2012).

For the development of bioremediation strategies, it is important to understand
indigenous microbial taxa of contaminated site (Pollmann et al., 2006). In the four treatment
stages of tannery Common Effluent Treatment Plant (CETP), the bacterial composition was
assessed through culture reliable approach. Firmicutes was found to be the dominant group
among all treatment stages of about 90%. Notably, putative Bacillus sp., B. firmus and B.
licheniformis were copious in all the treatment stages (Suganya et al., 2013; Krishnan et al.,

2016).

Among the diverse ecosystems, CETP is characterised by a dynamic microbial

consortium. Its function can be understood through studying the co-existing populations



(Manefield et al., 2005). In addition, the microbial population is altered with respect to the
reactor’s operational conditions and physico-chemical parameters (Kapley et al., 2007). The next
generation sequencing (NGS) (Sogin et al., 2006) is implemented for the better exploration and
understanding of microbial diversity and its function in complex environment such as municipal
effluent (Ma et al., 2013), marine water (Brown et al., 2009), soil (Jones et al., 2009), river

sediments (Suriya et al., 2017) and wastewater (Sanapareddy et al., 2009).

Emergence of Next Generation Sequencing

Over the past decades, both traditional culture dependent and independent approaches
including isolation, cloning, functional identification, DGGE (Denaturing Gradient Gel
Electrophoresis) (Muyzer et al., 1993), T-RFLP (Terminal Restriction Fragment Length
Polymorphism) (Liu et al., 1997), FISH (Fluorescence In Situ Hybridization) (Wagner et al.,
1998) and Gene chips (He et al.,2012) etc., always cause bottlenecks in exploring global
bacterial diversities and their potential functions (Cai et al.,2013). To overcome these limitations,
high-throughput sequencing technologies have been well developed to promote the relevant
research fields. The Roche 454, SOLID, lon Torrent and Illumina platforms have dominated the
next-generation sequencing market and made notable contributions to the genomic and

metagenomic studies in the past five years (Glenn, 2011; Dubey et al., 2022).

Since previous decade, next-generation sequencing (NGS) technology has greatly
advanced our knowledge of microbial diversity and function in complex ecosystems (Dubey et
al., 2022). Both PCR based analysis of 16S rRNA and shotgun metagenomic studies have been
used recently to characterise soils (Bowers et al., 2011), oceans (Caporaso et al.,2011), the
atmosphere (Bowers et al.,2011) as well as the human microbiome (Kuczynski et al.,2011). The

other technological advances include the high throughput pyrosequencing (Margulies et



al.,2005), developments ofcomplexbarcoding analyses (Hamady et al.,2008), ultra-high
throughput systems (Caporaso et al.,2012) and extensive increases in the capability to analyse

and handle data outputs (Meyer et al.,2008).

In the past, most commonly used approach was cloning and sequencing of the 16S
ribosomal RNA gene (rDNA) using conserved broad-range PCR primers (Nossa et al., 2010;
Klindworth et al., 2013). With the advent of massive parallel sequencing technologies, direct
sequencing of PCR amplicons became feasible (Armougom and Raoult, 2009). In 2006, Roche’s
454 GS 20 pyrosequencing (Margulies et al.,2005) became the first high-through-put sequencing
technology to be successfully applied for large scale biodiversity analysis and was crucial to
reveal the ‘rare biosphere’ (Sogin et al., 2006; Nathani et al., 2020). The continuous
advancement of the technology, offering read lengths of up to 1000 bp; further improved
throughput and resolution of 16S rDNA sequencing also developed (Liu et al.,2007; Klindworth
et al.,2013). Since then, additional high-throughput sequencing technologies have become
commercially available. The attractiveness of Illumina (Bennett, 2004) lies in the reduced per
base costs and comparatively high sequencing depth (Caporaso et al., 2012), despite having short
read lengths (Klindworth et al., 2013). While the major advantages of lon Torrent sequencing

(Rothberg et al., 2011) are low cost and rapid sequencing speed.

4.1 lon torrent platform

Recently, the lon Torrent Personal Genome Machine (Life Technologies) introduced a
distinctiveapproach of ‘ion’ sequencing, which is light independent where sequence composition
is determined by measuring pH changes due to hydrogen ion liberation as nucleotides are
incorporated during strand synthesis in picolitre wells (Rothberg et al.,2011; Whiteley et al.,

2012). The integrated circuits is used to measure pH changes, which substantially reduces costs



and, since the number of sequences obtained simply equates to the physical dimensions of the

integrated sensor (Glenn, 2011).

In 2010, Life Technologies introduced the lon PGM as a post light sequencing
technology. This system relies on the real-time detection of hydrogen ion concentration, released
as a by-product when a nucleotide is incorporated into a strand of DNA by the polymerase action
(Shokrallaet al., 2012). lon Torrent uses a high-density array of micro-machined wells to
perform this bio-chemical process in a massively parallel way. Each well holds a single DNA
template from the library. Beneath the wells are an ion-sensitive layer and a proprietary ion
sensor to detect the change in hydrogen ion concentration because of nucleotides incorporation
(Rothberg et al., 2011; Shokrallaet al., 2012). The lon Torrent plat-form can utilize one of the
three available ion chips: 314, 316 or 318, which can generate up to 10 Mb, 100 Mb or 1 Gb
respectively, according to the required sequencing coverage. In 2012, Life Technologies
introduced a new generation of lon semi-conductor sequencers; the lon Proton bench top
sequencer. lon Proton chips will deliver the human genome or human exome in just a few hours.
lon Proton chips will be available in two versions: lon Proton | chip with 165 million wells
(about 100-fold more than the lon 314 chip) and lon Proton 11 chip with 660 million wells (about
1000-fold more than the lon 314 chip) (Shokralla et al., 2012). Both of these chips use CMOS
semiconductor chip technology to capture chemistry changes instead of light and translate these

changes into digital data.

The implementation of the Hi-Q enzyme has significantly improved the accuracy of PGM
reads by reducing indel errors and enhancing genome assembly quality (Veraset al., 2014).
Regarding the error rates, the lon Torrent platform report a pattern of premature sequence

truncation, specific to semiconductor sequencing. Read truncation was dependent on both the



directionality of sequencing and the target species, resulting in organism-specific biases in
community profiles. These sequencing artifacts could be minimized by using bidirectional
amplicon sequencing and an optimized flow order on the lon Torrent platform, which have

enhanced the accuracy of microbial community profiling(Salipante et al., 2014).

Tools for meta data analysis

A number of different systems and resources for metagenome or similar analysis, which
are offered in the form of databases, web portals, web services and basic stand alone programs
(Overbeek et al.,2005; Mitra et al.,2011; Dudhagara et al.,2015). The currently available
comprehensive platforms, integrative and annotation tools are reviewed by Taset al.,2021 which
includes Metagenomics Rapid Annotation usingSubsystem Technology (MG-RAST) (Meyer et
al.,2008),Integrated Microbial Genomesand Metagenomes (IMG/M) (Markowitz et
al.,2014),EBI Metagenomics (Hunter et al.,2014), and pipelinessuch as MEGAN (Huson and
Weber, 2013),MetaMetaDB(Yang and lwasaki, 2014),Anvi’o platform, etc. Formerly, many of
those resources are suitable only for taxonomic analysis and mainly focused on the analysis of
individual metagenomes,at present, they areable to performrapid and highly interactive
comparison of multiple datasets.

MG-RAST is a user-friendly opensource metagenomics analysis server(Meyer et al.,
2008, Keegan et al., 2016) current version 4.0.3 provides 512,950 metagenomes containing
2,287 billion sequences (as on 03 June 2024),a readily useable service for analyzing a new
metagenomic dataset by using the pipelines of SEED subsystem, COG, etc.Besides producing
initial assignments of gene function and a metabolic reconstruction, the RAST server provides an
environment for browsing the annotated genome and comparing it to the hundreds of genomes

maintained within the integration. The genome viewer included in MG-RAST supports detailed


https://consensus.app/papers/performance-comparison-illumina-torrent-nextgeneration-salipante/82f9a4f96e5851b58b01b110ce2b24aa/?utm_source=chatgpt

comparison against existing genomes, determination of genes that the genome has in common
with specific sets of genomes (genes that distinguish the genome from those in a set of existing
genomes), the ability to display genomic context around specific genes, and the ability to
download relevant information and annotations as desired (Aziz et al.,2008).

The IMG/Mis an online metagenome data storage, management,and analysis system at
the Department of Energy (DOE) Joint Genome Institute (JGI) continues to provide support for
users to perform comparative analysis of isolate and single cell genomes, metagenomes, and
metatranscriptomes and integrates metagenome datasets with isolatedmicrobial genomes from
the IMG system(Markowitz et al., 2007). The multiple reference datasets are used for the
analysis of IMG/M data in threelevels such as phylogenetic composition, functional or
metabolicpotential within individual microbiomes and comparisonsacross microbiomes.In
addition to datasets produced by the JGI, IMG v.7 also includes datasets imported from public
sources such as NCBI Genbank, SRA, and the DOE National Microbiome Data Collaborative
(NMDC), or submitted by external users (Chen et al., 2023). It facilitates environmental and
organismal metagenomicsanalysis (Dudhagara et al., 2015).

EBI Metagenomics was developed by EMBL-EBI in 2011 which contains QIIME
(Caporaso et al., 2010) embeddedtools for data management, analysis, storage, andsharing of
metagenomes (Hunter et al.,2014). It is continuallymodernizingthe analysis pipeline with the
development of additional analysisand visualization tools. The Community Cyberinfrastructure
for Advanced MarineMicrobial Ecology Research and Analysis (CAMERA) wasdeveloped in
2007 with the aim of monitoring microbial communitiesof the ocean and their response to

environmentalchanges (Seshadri et al., 2007; Sun et al., 2010).



MEGAN is easy to install and use, and requires only a BLAST output file as input to
operate. The program is designed to allow both high-level analysis that summarizes data at
different ranks of the NCBI taxonomy, and detailed analysis that drills down to individual reads
and their BLAST matches (Mitra et al., 2011).Using MEGAN program,the unusual abundance of
ecologically importantbacteria and archaea are revealed by the analysis of metagenome from

tropical mangrove swamp in Malaysia (Ismail et al., 2017).

MetaMetaDB (Yang and Iwasaki, 2014) was developed for a meta-analysis ofdifferent
environments inhabited by a microbe and the investigation of specific functional genes or
metabolic flexibility that facilitate adaptation. This database may be used topredict all possible
habitats of microbes by searching for thepresence of microbes in metagenomic and 16S rRNA
ampliconsequencing datasets derived from diverse environments such as heavy metal resistance

genes and salt-stress responsive genes (Hiraoka et al., 2016).

Anvi’o is an advanced integrated analysis and visualization platform that offers
automated and human-guided characterization of microbial genomes for genomics,
metagenomics, metatranscriptomics, pangenomics, metapangenomics, phylogenomics (Eren et
al., 2015). By using Anvi’o analysis, one thousand non-redundant microbial population genomes
were identified from the TARA Oceans metagenomes (Delmont et al., 2018).Combined use of
gene centric metagenomics, metatranscriptomics and metaproteomics allows elucidation of
microbial interaction and regulatory functions. The analysis of Metagenome Assembled
Genomes (MAGS) (Yang et al., 2021) has also shown novel insights intomicrobial metabolic

diversity and niche differentiation (Tas et al., 2021).
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