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Preface

Microbial communities and their hosts (human, plant, and animal) have been
coevolved and coadapted under diverse environmental selective pressures over mil-
lions of years. These hosts rely on integrated interactions of specific microbiome for
their successful survival. The evolution of the meta-omics (metagenomics, meta-
transcriptomics, and meta-proteomics) technologies in sequencing is fostering a
detonation of interest in how the gut and rhizospheric microbiomes impact physiol-
ogy and propensity to disease. These advancements in technologies have recently
been provided with deeper understanding of the complexity of the host-microbe
association in terms of phylogeny and function connectivity. Among other host
microbiomes, meta-omics technologies have significantly been carried out on
human gut and plant rhizospheric microbiomes. Those studies have found that small
fraction of the whole microbial communities are always associated with the host,
and, assisting in host’s physiology, such microbial communities sometimes are
referred to as a core microbiome. The core microbial communities are now being
used for modulating the host microbiome in order to reduce the incidence of dis-
eases and improving the health of the hosts. However, much information of these
interesting associations in different research articles is available from the Western
world and has limited availability from Asian counties. In this book, thus, we have
collected several chapters from prominent scientists from Asian counties which will
be available to students at graduate and postgraduate levels.

Presently, a majority of scientists working on microbiology are trying to under-
stand phylogeny and functional aspects of different host microbiomes. However,
rapid development of these meta-omics technologies makes it hard to retrieve all the
required informations from diverse research reports. The book, thus, will be an
excellent resource to get updated information of different host microbiomes in
terms of their community composition and interactive functions. As it demands
tremendous and dedicated effort, we are extremely thankful to all the authors for
their prompt responses and their contributions. I extend my earnest appreciation to
Mr. Kumar of Springer for his valuable support to facilitate completion of the task.

Rajkot, India Ravindra Pal Singh
Rajkot, India Ramesh Kothari
Anand, India Prakash G. Koringa

Rajkot, India Satya Prakash Singh
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The Omics Era and Host Microbiomes

Ravindra Pal Singh and Ramesh Kothari

Abstract

Advancement in ‘omics’ technologies permits the quantitative monitoring of the
plethora of biological molecules in natural systems in a high-throughput manner.
Such technologies allow determination of the variation between different biological
states (RNA, DNA and protein) on a genomic scale. From a fundamental knowl-
edge perspective, no single omics technique can completely disentangle the com-
plexities of host microbiomes. As a result, several ‘omics’ platforms have been
developed in order to better understand the systems biology of host-microbiome
interactions (Zhang et al. 2010). For instance, metagenomics, meta-transcriptomics,
meta-proteomics and metabolomics methods provide information on the meta-
genome. Overall changes in the mRNA or proteins levels of the host microbiome
can be determined dynamic changes of all classes of molecules within a microbi-
ome over a given time period. Integration of different layers of information obtained
from multi-omics approaches are required in order to paint a meaningful canvas of
functional and dynamic interactions of host-microbiome communities. To date, the
application of more than one -omics technology have been applied to different host
microbiomes, including in plant and humans (Tlaskalova-Hogenova et al. 2011;
Fernandez et al. 2013; Tkacz and Poole 2015; Addis et al. 2016; Lareen et al. 2016).
Application of multi-omics approaches to the microbiome of these hosts unravels
their essential functions, which are key throughout the host’s life cycle; thus, asso-
ciated microbial communities are sometimes referred to as the ‘secondary genome’
of the host (Siboni et al. 2008). This perspective chapter briefly describes what has

R.P. Singh (&0)
Department of Biosciences, Saurashtra University, Rajkot 360005, Gujarat, India
Department of Biological Chemistry, John Innes Centre,

Norwich Research Park, Norwich NR4 7UH, UK
e-mail: ravindrapal.1441 @gmail.com; Ravindra.Pal-Singh@jic.ac.uk

R. Kothari
Department of Biosciences, Saurashtra University, Rajkot 360005, Gujarat, India

© Springer Nature Singapore Pte Ltd. 2017 3
R.P. Singh et al. (eds.), Understanding Host-Microbiome
Interactions - An Omics Approach, DOI 10.1007/978-981-10-5050-3_1


mailto:ravindrapal.1441@gmail.com
mailto:Ravindra.Pal-Singh@jic.ac.uk

4 R.P.Singh and R. Kothari

been unveiled so far and what still needs to be done in order to better understand
human and plant microbiomes.

Keywords
Human microbiome ¢ Plant microbiome ¢ Short chain fatty acid  Omics  Biocontrol
agent

1.1 Introduction

Advancement in ‘omics’ technologies permits the quantitative monitoring of the
plethora of biological molecules in natural systems in a high-throughput manner.
Such technologies allow determination of the variation between different biological
states (RNA, DNA and protein) on a genomic scale. From a fundamental knowledge
perspective, no single omics technique can completely disentangle the complexities
of host microbiomes. As a result, several ‘omics’ platforms have been developed in
order to better understand the systems biology of host-microbiome interactions
(Zhang et al. 2010). For instance, metagenomics, meta-transcriptomics, meta-
proteomics and metabolomics methods provide information on the meta-genome.
Overall changes in the mRNA or proteins levels of the host microbiome can be
determined dynamic changes of all classes of molecules within a microbiome over
a given time period. Integration of different layers of information obtained from
multi-omics approaches are required in order to paint a meaningful canvas of func-
tional and dynamic interactions of host-microbiome communities. To date, the
application of more than one -omics technology have been applied to different host
microbiomes, including in plant and humans (Tlaskalova-Hogenova et al. 2011;
Fernandez et al. 2013; Tkacz and Poole 2015; Addis et al. 2016; Lareen et al. 2016).
Application of multi-omics approaches to the microbiome of these hosts unravels
their essential functions, which are key throughout the host’s life cycle; thus, associ-
ated microbial communities are sometimes referred to as the ‘secondary genome’ of
the host (Siboni et al. 2008; Singh and Reddy 2015). This perspective chapter briefly
describes what has been unveiled so far and what still needs to be done in order to
better understand human and plant microbiomes.

1.2 The Human Microbiome

Comparative functional annotation of genomic sequences and metabolome profiles
of the human gut microbiome have provided information regarding genome struc-
tures, gene functions, metabolic and regulatory networks, as well as the evolution of
associated microbial genomes (Lin and Qian 2007; Chu and Mazmanian 2013;
Nakayama et al. 2015; Reck et al. 2015; Addis et al. 2016; Despres et al. 2016).
Revolutionary improvements in high-throughput DNA sequencing technology
(metagenomics) identified more than 1000 phylogenetically distinct microbial
genomes from the human gut, of which the major phylogenetic lineages have been
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fully sequenced (Medini et al. 2008; Kyrpides 2009). Gut microbiota are reported to
have a positive impact on key host functions related to the immune and nervous
systems, in the prevention of disease and also in development and behaviour
(Tlaskalova-Hogenova et al. 2011; Luczynski et al. 2016; Mu et al. 2016; Schuijt
et al. 2016). The structures of gut microbial populations are shaped by food stuffs,
in particular (Graf et al. 2015; Nakayama et al. 2015). Moreover, modulating the gut
microbiome highlights the importance of common microbial communities which
perform several functions, such as maintenance of structural integrity of the gut
mucosal barrier, metabolising dietary substances and immunomodulation, provid-
ing protection against different pathogens (Zhang et al. 2015). A balanced equilib-
rium of symbiotic, common and pathogenic microbial species is necessary for
correct functioning of the intestine, for instance (Round and Mazmanian 2009).

Cell surface appendages (microbial-associated molecular patterns, MAMPs) of
bacteria are key factors for host-microorganism crosstalk through host pattern rec-
ognition receptors (PRRs), such as lectins (Martens et al. 2009; Chu and Mazmanian
2013). These MAMPs of probiotic bacteria, such as Lactobacillus, Bacteroides and
Bifidobacteria species, are associated which modulate the function of phagocytic
cells and could be beneficial for fighting cancerous growths in the host or mitigating
pathogen infection (Lebeer et al. 2010). On the basis of clinical, epidemiological
and immunological studies, we understand that disruption of these communities can
lead to the development of gastrointestinal (GI) tract diseases, including inflamma-
tory bowel disease (IBD) (De Wouters et al. 2012; Greenblum et al. 2012; Forbes
et al. 2016; Schulberg and De Cruz 2016). Thus, mapping out MAMP-PRR interac-
tions in the gut would allow for the development of selective probiotic treatments on
the GI tract dysfunction. Understanding the molecular interactions concerned will
not be straightforward; however, integration of whole genome sequencing through
metagenomics and metatranscriptomics as well as metabolomics analyses will cer-
tainly add further information to the field.

Gut microbial communities play a vital role in the digestion of food fibre and
subsequently converts it into short-chain fatty acids (SCFA) (Rogowski et al. 2015).
SCFA (acetate, butyrate and propionate) are important anions and energy sources in
the colonic lumen, where they also modulate colonocyte morphology and function
(Den Besten et al. 2013). Butyrate produced by Clostridium butyricum has been
reported to exert anti-tumorigenic and anti-inflammatory effects (Nakanishi et al.
2003) as well as growth inhibition of other enteric pathogens (Zhang et al. 2016).
Acetate and propionate are incorporated into lipid and glucose metabolism, respec-
tively, in the liver (Rombeau and Kripke 1990). Supplementing the diet or altering
dietary polysaccharide can influence abundance of specific microbial populations.
For instance, arabinoxylan can modulate populations of Bifidobacteria, Bacteroides
and Lactobacillus (Sanchez et al. 2009; Riviere et al. 2014). This specificity indi-
cates that particular carbohydrates can select for specific microbial populations, as
occurs in dysbiosis conditions of the gut. So far, starch utilisation system (sus)-like
strategy has been reported for the gut commensal Bacteroides thetaiotaomicron for
starch degradation (Martens et al. 2009); it remains unclear whether similar exam-
ples occur in other probiotics. However, much work is still required to determine
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precise carbohydrate-microbe associations and how gut microbial communities
degrade diverse food fibres. It is expected that the application of multi-omics tools
will provide such information. For instance, applying metatranscriptomics approach
will provide insight how different carbohydrates alter expressions of genes of a
particular bacterium, and then proteomics analysis will give information about
enzymes of the bacterium involved in that carbohydrate degradation. Applying dif-
ferent analytical tools will help to figure out what is the structure and linkage pattern
in the particular carbohydrate.

Studies have suggested that some bacteria present in the mother’s gut can access
the mammary glands during late pregnancy and lactation (Fernandez et al. 2013;
Rodriguez 2014). Bacteria are transferred from GI to breast milk via entero-
mammary pathway—involving mononuclear immune cells (Rodriguez 2014).
Accumulating microbial communities in the mammary glands subsequently become
part of the human milk that sets up the primary line of protection for infants and
contributes to the maturation of their immune system and preventing expression of
immune-mediated diseases (Morrow and Rangel 2004; Addis et al. 2016). Milk
components, such as galactooligosaccharides (GOSs), act as a prebiotics, modulat-
ing the infant gut microbiome and in particular promoting populations of the probi-
otics, such as Bifidobacteria and Lactobacillus (Rautava et al. 2012). Little is known
about the composition and function of milk microbiota; thus improved understand-
ing is likely to improve our view of the aetiology and dynamics of sub-clinical and
culture-negative mastitis as well as informing the management of the mammary
gland and offspring health. In addition, it will likely lead to the development of
novel strategies for preventing mastitis and improving its’ management.

1.3 The Plant Microbiomes

The microbiomes of plants have been categorised into the rhizospheric, the endorhi-
zospheric and the phyllospheric (Berg et al. 2016). The distinctness of microbial
communities in these ecological niches can be shaped by aerial surfaces, tissue
types and surrounding environmental factors (Gottel et al. 2011; Vorholt 2012). The
phyllosphere niche is nutrient poor and regularly exposed to variation of tempera-
ture, radiation and moisture (Vorholt 2012). In contrast, the rhizospheric niche is
nearest to the plant root system and is relatively rich in nutrients that are derived
from and influenced by deposition of mucilage and root exudates (Koranda et al.
2011). It had been established that such host exudates play an important role in
shaping specific microbiomes that are influenced by both chemo-attractants as well
as repellents (Bais et al. 2006; Wu et al. 2015). The endorhizospheric microbiome is
a subgroup of the rhizobacterial communities, which have the capability to enter
into root hair (Prieto et al. 2011). Microbial communities of these niches promote
growth of the host through suppressing growth of plant pathogens and by producing
plant growth hormones (Prieto et al. 2011; Tkacz and Poole 2015; Lareen et al.
2016). Moreover, the rhizospheric microbiome contributes to biogeochemical
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cycles that produces several chemical elements required for normal plant growth
(Rousk and Bengtson 2014). Much of the taxonomical and functional complexities
of these communities were not available until recently and have become available
due to the development of high-throughput genome sequencing methods (Berendsen
et al. 2012; Bakker et al. 2013; Turner et al. 2013).

Multi-omics technologies have been applied to these niches, and it is evident that
the associated microbial communities are taxonomically and functionally well sep-
arated among different areas of the plant host (Gottel et al. 2011; Vorholt 2012;
Bulgarelli et al. 2013; Knief 2014; Mendes et al. 2014). Metagenomics has been
applied to the rhizospheric microbiome of a variety of host plants (such as
Arabidopsis, rice) that had been subjected to different environmental factors in
order to understand how microbial communities are shaped by external stimuli, as
summarised by Turner et al. (2013) and Mendes et al. (2013). Most of the rhizo-
spheric microbial communities comprise Proteobacteria, Firmicutes and
Actinobacteria taxa, though their composition is constantly changing according to
the different developmental stages of the host (Lundberg et al. 2012), the cultivars
and the types of soil (Mendes et al. 2011; Weinert et al. 2011). Microbial communi-
ties of the phyllospheric environment are much more dynamic than those from rhi-
zospheric regions but are commonly composed of similar taxa to rhizospheric zones
(Bodenhausen et al. 2013). Knief et al. (2012) applied meta-proteogenomics to a
study on the microbiome present in both the phyllosphere and rhizosphere of the
rice and concluded that phyllospheric microbial communities are shaped by poten-
tially assimilating plant-derived simple carbohydrates, ammonium and amino acids.
Additionally, high expression of microbial stress and transport response proteins
(porins, components of ATP binding cassette transporters and TonB-dependent
receptors) indicates the nutrient poor environment of the phyllosphere. Moreover,
some of the genes involved in the nitrogen fixation (such as nifH) are exclusively
expressed in the rhizospheric as compared to phyllospheric microbiome region.
Metabolic footprint studies of Ryffel et al. (2016) identified plant-derived simple
carbohydrates such as sucrose, fructose and glucose at the phyllospheric zone.
Alteration in these sugar in leaves of Arabidopsis thaliana was observed only after
colonisation by the organoheterotroph Sphingomonas melonis or the phytopathogen
Pseudomonas syringae pv. tomato, indicating these are probably the primary carbon
sources in the phyllosphere. Metabolomic studies also determined that the phyllo-
spheric microbial communities influence host-derived arginine metabolites and
phytoalexin biosynthesis after occupying their surface. Thus, high-throughput pro-
teomics and metabolomics studies can dramatically enhance our perception of
molecular basis of plant-microbe association.

Prior to development of high-throughput methods, endophytic communities
were considered as contaminants, though some were suggested as symbionts of the
host (Ryan et al. 2008). Endophytes of asymptomatic and symptomatic anthracnose
of Paullinia cupana was assessed by culture-dependent and 16S rRNA clone librar-
ies, where clone libraries revealed more different phylogenetic microbial communi-
ties compared to culture-dependent methods (Bogas et al. 2015). However, Lundberg
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et al. (2012) studied pyrosequencing of the bacterial 16S rRNA gene of the sur-
rounding root rhizosphere and endophytic compartment of more than 600 A. thali-
ana plants, those were grown on different soil types and belonging to different
developmental stages. The study identified a core endophytic microbiome, related
to Proteobacteria and Actinobacteria, which is consistent between different soil
types and development stages. Such types of microbial community are localised and
probably functionally well connected with host metabolic processes; they are there-
fore sometimes referred to as ‘core communities’ (Turner et al. 2013).

A vast range of studies have been carried out to understand phylogenetic nature
of microbial communities associated with diverse hosts and during their different
life stages as mentioned above. Though, there is a strong need to understand
which microorganisms are active in different parts of plant and what they are
doing during different development life stages of the host. Until now, the majority
of studies include biomarkers for explaining the function of genes using different
molecular tools, as Yang et al. (2011) used biomarker to determine nitrogen status
in maize. Reporter genes enable the assessment of how specific microbial mem-
bers of the rhizosphere perceive their environment in terms of chemical, physical
and biological stimuli (Deangelis et al. 2005; Steindler and Venturi 2007; De
Werra et al. 2008). There is no clear picture of the overall functional role of the
plant microbiome, though some studies have used -omics tools to understand
aspects of their function (Delmotte et al. 2009; Wang et al. 2011; Knief et al.
2012). These studies have identified some of the proteins that could not previously
be evaluated using biomarker assays. Identifying functions of the plant microbi-
ome could enhance sustainable agriculture (Berg 2009; Lundberg et al. 2012).
These advancements could be achieved by using beneficial microorganisms as
biofertilisers, as biocontrol agents or as stress protection products. A better func-
tional understanding of the plant microbiome might be vital to prevent the out-
break of rhizospheric plant diseases. For instance, a succession of plant disease
managements has been achieved via transferring active beneficial microbiome by
mixing diseased suppressive soils with the infected conducive soils (Mazzola
2007). Given these achievements, we suggest that in future multi-omics tools
should be applied to plant-microbial interaction studies for better understanding
their functional complexities. Results of those studies will help to improve crop
management through active beneficial microbiome modulation.

As mentioned above, much work still needs to be done in different host microbi-
omes in order to improve experimental protocols and computational methodologies.
These improvements will help us to integrate analysis of multiple ‘omics’ datasets
in order to generate new knowledge with which to decipher complex biological
systems.
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Uncultivated Lineages and
Host-Microbe Interaction in Saline
Environment
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Abstract

The culture-independent approaches can contribute to untold properties of
microorganisms. The host and microbe interactions explored through the metage-
nomics, metatranscriptomics, and metaproteomics approaches reveal the func-
tion of the ecosystem. The extremophilic communities can be detected by
screening of genes, proteins, and enzymes directly from the environmental sam-
ples based on the marker genes and reference species. Evaluation of the host—
microbe interaction based on models and libraries generates hidden metabolic
pathways to explore the types of interactions. The identification of the unfamiliar
microbial species based on functions and sequences of the host—-microbe interac-
tion opens new arena of the adaptation in extreme ecosystems, including saline
habitats.
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2.1 Introduction

The host—microbe interactions are based on inter-intra networking (Cordero and
Datta 2016) and the new dimensions of host-microbe interactions are identified
on the basis of culture-independent approaches (Doolittle and Zhaxybayeva
2010; Franzosa et al. 2015). Culture- independent methods allow the analysis of
the ecosystem on the basis of microbial taxonomic group with functional traits
and their interactions with host (Herrmann and Shann 1997; Carpenter-Boggs

K.G. Dangar * N.M. Raiyani ¢ R.D. Pandya ¢ S.P. Singh (><)
UGC-CAS Department of Biosciences, Saurashtra University, Rajkot 360 005, India
e-mail: satypasingh @yahoo.com; satyapsingh125 @ gmail.com

© Springer Nature Singapore Pte Ltd. 2017 13
R.P. Singh et al. (eds.), Understanding Host-Microbiome
Interactions - An Omics Approach, DOI 10.1007/978-981-10-5050-3_2


mailto:satypasingh@yahoo.com
mailto:satyapsingh125@gmail.com

14 K.G. Dangar et al.

et al. 1998; Klamer and Baath 1998; Riddech et al. 2002; Tiquia and Michel
2002; Behzad et al. 2016). Extreme environment is identified with extreme traits
(Gohel and Singh 2015; Thumar and Singh 2009). High-throughput sequencing
methods generate information regarding structure and function of genes, meta-
bolic pathways, and evolution of microbial genomes (Zhang et al. 2010). The
sequencing of the whole microbial community DNA by shotgun metagenomics
provides information on the genes present in the ecosystems. Metagenomic
approaches now a days are being used in marine symbiotic systems to search
information regarding the microbes and their associated host (Woyke et al. 2006).
Metatranscriptomics relates to the expression of the mRNA within microbial
community toward the identification of the genes or genetic pathways, while
transcriptomics is the analysis of the mRNA molecules, produced in one cell or
a population of cells (Zhang et al. 2010). Proteomics is the analysis of the
expressed proteins by a cell, tissue, or organism under a specific physiological
condition (Woyke et al. 2006). In this chapter, we describe host-microbe interac-
tions in their habitats. Applications of various omics approaches are highlighted
with respect to occurrence, adaptation, and detection of interaction in saline
habitats.

2.2  Culture-Independent (Meta-analysis) Approaches
2.2.1 Metagenomics

It is well established that only less than 1% of the microorganisms are cultivable
under the laboratory conditions, while the remaining majorities are viable in envi-
ronment and remain non-cultivable in laboratory (Amann 2000; Ward et al. 1990;
@vreas 2000; Floyd et al. 2005; Handelsman 2004). The term metagenomics, first
introduced by Handelsman (Handelsman et al. 1998), relates to the environmental
genomics and is based on the isolation of total nucleic acids from environmental
samples, further subjected to sequencing and construction of libraries. This helps to
explore uncultivated microbial communities of the ecosystem (Zeyaullah et al.
2009; Streit and Schmitz 2004; Cowan et al. 2015).

It is difficult to isolate good quality of total genomic DNA in sufficient
amount from extreme environments. Several methods have been reported to
extract the metagenomic DNA from different extreme environments (Stein et al.
1996; Venter et al. 2004; Purohit and Singh 2009; Daniel 2005; Abulencia et al.
2006; Wu and Sun 2009; Siddhapura et al. 2010; Behzad et al. 2016). High-
molecular-weight metagenomic DNA have been analyzed by sequences and
function-based approaches by constructing libraries followed by the expression
of genes in suitable cloned vectors (Bertrand et al. 2005; Martin-Laurent et al.
2001; Warnecke and Hess 2009). Functional screening of the total genomic
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DNA is carried out by constructing the libraries followed by the screening for
novel traits (Henne et al. 1999; Rondon et al. 2000; Handelsman et al. 1998;
Krsek and Wellington 1999). However, metagenomic libraries generate large
number of hypothetical proteins as indicated in the databases (Handelsman
2004).

After successful amplification and sequencing whole genome of single cells,
sequencing methods for metagenomics have been developed (Marcy et al. 2007;
MufBmann et al. 2007; Bentley 2006). The pyrosequencing based on GS-FLX
platform and Illumina sequencing based on bridge clonal amplification by revers-
ible dye terminator generated highest average length 750 and 300 bp, respec-
tively (Edwards et al. 2006; Turnbaugh et al. 2009; Qin et al. 2010). The advance
versions of sequencing by NeSSM: a Next-generation Sequencing Stimulator for
Metagenomics and Shotgun metagenomics (Jia et al. 2013; Schmidt et al. 2014),
added to the knowledge of the unexplored ecosystems (Singh and Campbell
2009; Segata et al. 2013; Warnecke and Hess 2009). The metagenomic DNA
from seawater of Northwest Atlantic to the Eastern Tropical Pacific contained
6.3 billion bp of sequences and 1.6 Gbp of unique metagenomic DNA sequences
obtained from Sargasso Sea (Rusch et al. 2007; Yooseph et al. 2007; Venter et al.
2004). These generated informations about more than ~264,949 organisms,
~123,516 sequencing projects, ~18,188 biosamples, and ~100,334 analysis, in
the database (http://gold.jgi.doe.gov, Genome online Database GOLD: December
2016).

2.2.1.1 Holobionts and Hologenomes

The major challenge is posed in the exploration of the host-microbe interaction
using culture-independent techniques. In 2011, new terms, holobiont or metaor-
ganism, were suggested for the host-associated microbial community (Bosch and
McFall-Ngai 2011). The analysis of the metagenomic DNA sequences and func-
tions highlighted on the genomes of uncultivated microbes to understand interac-
tion based on metabolic network in ecosystem (Vieites et al. 2009). A marine
worm Olavius algarvensis was studied by constructing metagenomic library of
pMCL200 and pCC1FOS host. It identified the role of symbionts sculpture-oxi-
dizing and sulfate-reducing bacteria for providing nutrients to host (Woyke et al.
2006). The phylogenetic analyses of the host-associated microbial sequences
indicated the wide phenomenon of the interaction occurring in the environment
(Vieites et al. 2009). However, the analysis of the host-microbe interaction based
on the culture-independent approaches faces difficulties in identification of dis-
similar sequences. Based on the analysis of large number of samples collected
from the surface marine, freshwater, and hypersaline of the Sorcerer II Global
Ocean, it was revealed that most of the viral sequences were dissimilar and hard
to establish the host-associated viral genome (Williamson et al. 2008; Tettelin
et al. 2005).
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2.2.2 Metatranscriptomics

Metagenomics and metatranscriptomics relate to the genes and their expression
by extracting the total DNA and RNA, respectively, in an ecosystem (Doolittle
and Zhaxybayeva 2010; Franzosa et al. 2015). Metatranscriptomics is carried
out by reverse transcription to generate cDNA followed by the sequencing using
metagenomic platforms (Warnecke and Hess 2009). Metatranscriptomic analy-
sis relates to SSU rRNA database on the basis of the coding and non-coding
RNAs (Caporaso et al. 2010; Schloss et al. 2009; Preheim et al. 2013; Gottesman
2002; Bejerano-Sagie and Xavier 2007). The transcripts of marine and freshwa-
ter bacterioplankton generated insight into the microbial communities (Poretsky
et al. 2005). On a similar account, the interaction of free-living and particle-
associated microorganisms with symbiont phytoplankton was explored by meta-
transcriptomics of carbon, nitrogen, phosphate, and sulfur cycles (Satinsky
et al. 2014).

2.2.3 Metaproteomics

Metaproteomics relates to the analysis of the entire protein directly from the envi-
ronmental samples using 2-dimentional gel electrophoresis or high-performance
liquid chromatography and high-throughput mass spectrometry (Wilke et al. 2003;
Nesatyy and Suter 2007; Domon and Aebersold 2006; Wilmes and Bond 2004,
2006; Benndorf et al. 2007). Energy and nutrient limitation pathways of free-living
and symbiotic bacteria were analyzed by metaproteomics in marine Olavius algar-
vensis (Kleiner et al. 2012).

2.3 Habitats and Host-Microbe Interaction

Various microorganisms are affected by the dissolved metals in different concen-
trations (Ventosa et al., 2015; Behzad et al. 2016). Culture-independent
approaches have identified the distribution of prokaryotes, eukaryotes, archaea,
and viruses in saline habitats (Purohit and Singh 2009; Oren 2011; Benlloch
et al. 2002; Santos et al. 2012; Luk et al. 2014; Narasingarao et al. 2012; Dillon
et al. 2013). Haloquadratum was abundantly present in 19% NaCl saltern and
being less abundant in reduced NaCl saltern (Ghai et al. 2011; Ferndndez et al.
2014a, b).

Biological interactions are studied by different length scales, such as 1-10 pm
for single cell interaction (Cordero and Datta 2016). The macro-environment is gen-
erated by the meta-population at scale of centimeters to meter, further expanded
from meters to kilometers (Cordero and Datta 2016). Kirchman et al. (2010)
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explored a scale of 1-1000 pm to distinguish the ocean community. The pink ber-
ries at 500 pm to 1 cm scale were used for the sulfur cycling consortia of the
Sippewissett Salt Marsh (Wilbanks et al. 2014). The microbial communities of the
photic and aphotic zones of oceans have been analyzed by metagenomic method
(Ghiglione et al. 2012).

The community dynamics and interaction are governed by time and interval of
sampling. Dakos et al. (2008) investigated species composition affected by seasonal
changes in ocean. The omics data examined on time series techniques identified
periodical patterns (Fuhrman et al. 2006; Gilbert et al. 2012; Hekstra et al. 2012,
Beninca E et al. 2008). The pH and temperature affect the habitats without the inter-
action of species (Faust et al. 2015). Population structure of Prochlorococcus was
studied by cell-cell comparison in large number of subpopulations (Kashtan et al.
2014). Temperature-induced variability in the population of Prochlorococcus was
observed in Atlantic Ocean (Johnson et al. 2006). Biosynthesis of indole-3-acetic
acid (IAA) through the mutualistic interactions of Pseudo-nitzschia multiseries
with Sulfitobacter in costal water was studied by the transcriptomic analysis (Amin
et al. 2015).

2.4  Analysis of the Host-Microbe Interaction
by Metagenomics, Metatranscriptomics,
and Metaproteomics

Marine microorganisms are capable to live under the extremities of high salinity,
pressure, and temperature. Therefore, they have developed ways to protect them-
selves against these challenges. The analysis of the host and microbes interaction
can lead to the better understanding of the marine ecosystem. The host and its
microbial community are referred as holobiont or metaorganism (Bosch and
McFall-Ngai 2011). To access the information on the host-microbe interaction
metagenomics, metatranscriptomics and metaproteomics approaches are quite use-
ful. With the advancements in nucleic acid sequencing, high-throughput sequencing
platforms are developed. During the last several years, many biomarkers have been
developed to characterize microbial population. It includes DNA/RNA sequencing,
PhyloChip, GeoChip, and mass spectroscopic-based proteomics for the analysis of
the community and their metabolite pathways (Zhou et al. 2015). GS 20 pyrose-
quencing system analyzed the interaction between Kingman coral reef and
Proteobacteria, Actinobacteria, Bacteroidetes, Cyanobacteria, Firmicutes, and
Planctomycetes (Krause et al. 2008). Similarly, Porites astreoides, another coral,
and Proteobacteria, Firmicutes, Cyanobacteria, and Actinobacteria were also ana-
lyzed (Dinsdale et al. 2008). Another example of the metagenomic study relates to
the coral Porites astreoides, where Proteobacteria, Firmicutes, Cyanobacteria, and
Actinobacteria were identified (Wegley et al. 2007).



