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bacteria. It is generally accepted that only a

| Gyan-Vigyan 1 bination of methods, including classical
: : : combination of methods, including classica
Next Gener ation sequencing technique cultivation techniques and cultivation-independent

inducidating plant-microbeinteractions techniques, allow a comprehensive insight into the

YachanaJha bacterial community in environmental habitats. But
Abstract o ) Next generation sequencing has exponentially
Soil is populated by a diverse range of jncreased sequencing depth, enhancing
microorganisms because plant roots secretejescriptions of microbial communities and
metabolites and can be utilized as nutrients bygiscovering rare species and lineages that had
them. Due to this plants in their natural habitats previously been undetectable (Gilbert et al. 2009).
are surrounded by a large number of \jicrobial ecologists also learned how to overcome
microorganisms. Some microbes directly interactine pias in ‘culture dependent’ approaches, using
with plants in a mutually beneficial manner genomics to elucidate functional roles and
whereas others colonize the plant only for their yequirements. Plant-microbe interactions can be
own benefit. Microbes can directly and indirectly pyroadly categorized as beneficial, detrimental and
affect plants by drastically altering their peytral. Although the diect that most microbes
environments. Such interactions affect plants,yqyid appears to be neutral on plants, these
survival under normal as well as biotic and abiotic jicropes may utilize plant-derived organic
stressed environments. So recent advances in neébmpounds as substrates for energy production,
generation sequencing (NGS) of bulk soil DNA and thus may still play key roles in nutrient cycling
and mRNA-derived cDNA (also referred to as ang modifying plants’ environments (Schenk et al.
RNA-sequence) have led to predictions that DNA 2012) Beneficial microbes promote plant growth
microarray like technologies may soon be ang/or suppress plant diseases by a variety of
superseded by massively parallel cDNA mechanisms, which include production of growth
sequencing. Each cDNA can provide a yeqylators, biosynthesis of pathogen-inhibiting
quantitative measure for gene expression thatcompounds, and improved nutrient acquisition.
especially for low abundance transcripts, may pych rarer but more noticeable due to their
reflect gene gxpression profiles more accuratelygetrimental effects, are plant pathogenic
than DNA microarrays. Metagenomics allows pjicroorganism that can cause disease on plants.
microbial communities profiling based on DNA The potential outcome of these plant-microbe
directly extracted from an environmental sample, jnteractions is further influenced by abiotic stress
has been successfully used to access a mucfBerg, 2009). Understanding the complex nature of
greater diversity of complex microbial pjant-microbe interactions can potentially offer new
communities. Thus understanding the compleXstrategies to enhance plant productivity in an
interaction of microbes with plant by metagenomic enyironmentally friendly manneEellular capacities
and transcriptome analysis can potentially offer ot yncultured microbial communities can be
new st.rategies to eqhance plant productivity in deciphered using metagenomic approaches
an environmentally friendly manner (Dinsdale et al. 2008) in which DNA extracted from
Introduction the entire population is analyzed for its gene content
Plants throughout their lifetime, in natural ¢ investigate, in a culture-independent maykesr

environments establish multiple interactions with biological processes contributed by an endophytic
many different microorganisms. These extremely pycterial community in roots of plant.

complex microbial communities have remained Environmental conditions including

largely uncharacterized, despite their potentially biotic and abiotic stresses undoubtedly play a
paramount importance for plants (Sessitsch et almajor role in limiting plant productivityThe
2011). The application of molecular genetic potential of multispecies transcriptomics reveal
detection and identification methods greatly aids key processes between plants and microbes that
|n.clar|f_y|ng the phylogenetl_c relationships O_f the can be exploited for biotechnological applications.
microbial community of rhizosphere-associated gpecifically the new knowledge gained from
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transcriptome analyses of interactions between In principle, the concept behind NGS
plants and/or beneficial or detrimental microbes technology is —the bases of a small fragment of
can be exploited in such a way that ultimately leadsDNA are sequentially identified from signals
to the development of crop cultivars that are emitted as each fragment is re-synthesized from a
productive under multiple environmental DNA template strand. NGS extends this process
pressures (Simon and Daniel, 2011). across millions of reactions in a massively parallel
Metatranscriptomics is the exploratory gene fashion, rather than being limited to a single or a
expression analysis of complex microbial few DNA fragments. This advance enables rapid
community assemblages without the need forsequencing of large stretches of DNA base pairs
cultivation, using RNA extracted directly froman spanning entire genomes, with the latest
environmental sample such as waseil or plants.  instruments capable of producing hundreds of
Although interactions of certain plants with gigabases of data in a single sequencing run.
pathogens, mycorrhizae or distinct plant growth- Demand has never been greater for revolutionary
promoting bacteria have been relatively well technologies that deliver fast, inexpensive and
studied, it is likely that an unbiased multi-species accurate genome information. This challenge has
approach such as metatranscriptomics will lead tocatalyzed the development of next-generation
the discovery of potentially interesting plant— sequencing (NGS) technologies. The inexpensive
microbe relationships (Trewavas, 2009). Studiesproduction of large volumes of sequence data is
of whole microbial communities have the potential the primary advantage over conventional
to identify new beneficial microbes and their methods. The automated Sanger method is
interactions. considered as a ‘first-generatidgathnologyand
Next gener ation sequencing technologies newer methods are referred to as next-generation
Plants are one of the most fascinating andsequencing (NGS). These newer technologies
important groups of organisms living on Earth. constitute various strategies that rely on a
They serve as the conduit of energy into thecombination of template preparation, sequencing
biosphere, provide food, and shape ourandimaging, and genome alignment and assembly
environment. If we want to make headway in methods. The major advance offered by NGS is
understanding how these essential organismshe ability to produce an enormous volume of data
function and build the foundation for a more cheaply — in some cases in excess of one billion
sustainable future, then we need to apply the mosshort reads per instrument run.
advanced technologies available to the study ofTemplatepreparation
plant life. The five years since the introduction of The need for robust methods that
NGS technology have seen a major transformatiorproduce a representative, non-biased source of
in the way scientists extract genetic information nucleic acid material from the genome under
from biological systems like plant, revealing limitless investigation cannot be overemphasized. Current
insight about the genome, transcriptome, andmethods generally involve randomly breaking
epigenome of any species. On the other hand, thgenomic DNA into smaller sizes from which either
global diversity of organisms, both at the plant andfragment templates or mate-pair templates are
microbe level, and their interaction mechanismscreated. A common theme among NGS
have been hardly studied and represent one of theechnologies is that the template is attached or
last blanks on the terrestrial map. This ability hasimmobilized to a solid surface or support. The
catalyzed a number of important breakthroughs,immobilization of spatially separated template sites
advancing scientific fields from human disease allows thousands to billions of sequencing
research to agriculture and evolutionary sciencereactions to be performed simultaneously
Recent evidence has shown that symbiotic andSequencingandimaging
mutualistic microbes in the rhizosphere of plants There are fundamental differences in
can be of major importance to settle in nutrient- sequencing clonally amplified and single-molecule
poor and environmentally extreme conditions templates. Clonal amplification results in a
(Bomar etal. 2011). population of identical templates, each of which
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has undergone the sequencing reaction and upoabjects since we can learn fundamental principles
imaging, the observed signal is a consensus ofhat are shared with humans and at the same time
the nucleotides or probes added to the identicalearn how different wiring can create such
templates for a given cycle. This places a greatefundamental dferences in form, biochemistignd
demand on the efficiency of the addition process,function. If we want to make headway in
and incomplete extension of the template ensembl@inderstanding how these essential organisms
results in lagging-strand dephasing. function and build the foundation for a more
Genomealignment and assembly sustainable future, then we need to apply the most
After NGS reads have been generated,advanced technologies available to the study of
they are aligned to a known reference sequencelant life (David et al. 2012).
or assembled de novo. The decision to use either Plant—microbe interactions may occur at
strategy is based on the intended biologicalphyllosphere, endosphere and rhizosphere.
application as well as cost, effort and time Phyllosphere is related with the aerial parts of the
considerations. This approach is substantiallyplants and endosphere with internal transport
cheaper and fastefhere are limitations to the system. Rhizosphere, the term, can be defined as
alignment approach, such as placing reads withinany volume of soil specially influenced by the plant
repetitive regions in the reference genome or inroots or in association with the roots and plant-
corresponding regions that may not exist in theproduced material. Plant exudates such as amino
reference genome; the latter situation may resuliacids and sugars provide a rich source of energy
from gaps in the reference genome or the presencand nutrients for the bacteria in rhizosphere,
of structural variants (Svs) in the genome beingresulting in more microbial populations in the
analyzed. region than outside the region (Haas and Defago
NGSin Plant-microbeinteractions 2005). Changes in rhizobacterial community
The last several years have seenstructure have been reported with the application
revolutionary advances in DNA sequencing of polymerase chain reaction (PCR) and denaturing
technologies with the advent of next-generationgradient gel electrophoresis (DGGE) resulting in
sequencing (NGS) techniques. NGS methods nowsignificant alterations in plant—-microbes
allow millions of bases to be sequenced in oneinteractions.
round, at a fraction of the cost relative to traditional Significanceof NGSin under standing theplant-
Sanger sequencings costs and capabilities of microbeinteractions
these technologies continue to improve, we are only Plants are sensitive to microbial activity
beginning to see the possibilities of NGS platforms,and may experience either enhanced or
which are developing in parallel with online compromised performance, depending on the
availability of a wide range of biological data sets activities of the associated microbes. This feed
and scientific publications and allowing us to back loop between plants, soil and microbe is
address a variety of questions not possible beforesignificant in natural system, but suppressed in
The fundamental biology of plants is modern agricultural system. Enhancing our ability
similar to human being; they use the same genetido manipulate or direct these plant-soil-microbes
code, share many homologous genes, and evemteraction will yield progress toward
many regulatory mechanisms, basic biochemicalsustainability enhance beneficial functions within
pathways, and fundamental processes in celthe soil microbial communities will allow for
biology. However their form and lifestyle are sustained production with reduced chemical
fundamentally different. Plants can reach inputs. Significant advances have been made over
individual life spans of up to 5000 years; they canthe past decade in-
obtain adequate nutrition from the air and soil and1. Ability to characterize complex microbial
survive adverse environmental conditions and  diversity in the soil, thanks to NGS and
attacks from pests, pathogens, and herbivores, adequate bioinformatic pipelines and statistical
despite remaining rooted in one spot for their = methods combined with;
lifetime. Plants are also valuable basic researct2. The possibility to analyze plant functioning

R-Rarer u3d [y 01| 25



during plant microbial communities’ interaction, understand the dynamics of the plant—-endophyte
3. The advances in plant genotyping technology system.A deeper understanding of endophyte

including rapid increases in the umber of functions and mechanisms for their establishment

genetic markers available for genome-wide in the endosphere could be exploited to improve

association studies.
APPLICATION

agricultural management practices with respect to
biocontrol, bioremediation, and plant nutrition.

Microbes play a key role in interacting References.

with plants, in that they can promote or reduce 1.
plant growth, defenses against pathogens, or by
providing nutrients. Gaining an understanding of
these interactions is a crucial component of
understanding the requirements of plants from their
environment. Genome sequencing allows the
discovery and comparative analysis of the gene2.
repertoire of the different microbial species
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