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Abstract: Life on Earth harbours an unimaginable diversity noicrobial communities. Among these, gut
microbiome, the ecological communities of commensginbionts (bacteria and bacteriophages) are quani
assemblage of microbes. This microbial populatibaromal gut helps in performing organism’s physgital
processes to stay healthy and fit. The role ofeheirobial communities is immense. They continualkintain
interrelation with the intestinal mucosa in a salbuilibrium and help the gut for different fulcts ranging
from metabolism to immunologic functions like updation of nutrient-poor diets, aid in digestionrefalcitrant
food components, protection from pathogens, cautiilbo inter- and intra-specific communication eafing the
efficiency as disease vectors etc. The microbigémdity in the gut depends upon environmental cditipe
between microbes, their sieving effects and sulm®gelimination. Due to wide diversity of anatomgda
physiology of the digestive tracts and food habitg gut microbiome also differs broadly among aitm
Stochastic factors through the history of colon@atof the microbiome in a species aimdsitu evolution are
likely to establish interspecies diversity. Moregvéhe microbes offer enormous opportunity to digronovel
species for therapeutic and/or biotechnological liegiions. In this manuscript, we review the avaida
knowledge on gut microbiome, emphasising their imlleealth and health related applications in human
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Introduction: Gut flora and environment

More than 100 years ago, based on his extensidéeston intestinal bacteria, Professor
Arthur | Kendall portrayed the alimentary canat‘a singularly perfect incubator” where
different levels of reactions take place throughtaage of bacterial population [1]. The
alimentary canal or the gastrointestinal tract {fakt) of human is~5 m long (oroanal
length), having average inner diameter of 2.5 cih 418 cm at small intestine and large
intestine respectively, with the average total awefarea ~ 32 1j2]. It is estimated that,
around 60 tons of food passes through the traéngltine average life of a human [3]. The
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gut is home to approximately 100 trillion bactetizat outnumbers the total population of
human somatic and germ cells tenfold and represeatenbined microbial genome well in

excess (around a hundred times of genes in agg)leghtthe human genome [4]. This

association benefits the host in digestion of fouodterials, subsequent absorption of
macromolecules, fermentation of undigested carbieligd and assimilation of short chain
fatty acids, SCFA (butyrates, propionates, acetiie$. Gut flora also help in synthesizing
vitamins (vit-B, and vit-K), metabolising bile asidsterols and other compounds like
xenobiotics [5, 6]. Despite their important contrlbns, gut microflora may pose serious
threat to health by exposing the GI tract to vasialietary antigens, and their own

metabolites (e.g. endotoxins, phenols, indolesrdgeh sulphide, ammonia, etc.) produced
as a result of fermentation of the substrates abklin the gut [2, 5, 7, 8]. Collectively, this

gut associated microflora having diverse physialabfunctions equal to a virtual organ

within an organ, is popularly referred to as gutnobiome [9, 10].

Microbiome, the term originally coined by Joshual&sberg, may be defined as “the
ecological community of commensal, symbiotic, arathpgenic microorganisms that
literally share our body space” [11]. Later, Leyadt [12] described microbiome as the
“complete collection of genes contained in the ge@® of microbes living in a given
environment (i.e. the set of genes contained iricatiota)”. It is basically the combined
genomes of the microbial communities that residsgacific areas of the body like skin,
gut, etc. Accordingly, gut microbiota or gut flors the diverse assemblage of
microorganisms living in the digestive tracts. $ @an active and a diverse microbial
ecosystem that closely interacts with host to mtevimmunity, digestion, assimilation,
synthesis, metabolism of varied compounds, stotddats, and prevention of growth of
pathogenic bacteria, thus ensuring wellbeing ofttbst. Due to their diversified functions,
some scientists have deemed them as the “forgattgan” in our body [6, 10, 13].
Host-microbe interactions primarily occur along thafaces of the gut mucosa, where,
a bi-directional host-flora exchange takes placem@ensal bacteria usually compete and
consume the available nutrients in ecological rédhereby reducing the burden of nutrient
overproduction, which may in turn help in contnogji pathogenic microbial competitors
[14]. Depending upon the structural pattern, phggip, food materials and feeding habits,
huge variations in gut microbial community is fouinddifferent species. In human, up to
60% of the dry mass of faecal matter contains biactes they make up most of the flora in
the gut [15]. In the distinct habitats of the gdgnamic microbial diversity may be
established in the course of environmental conipati& sieving effect and subsequent
elimination between microbes. In addition to thecnwibial ecosystem within the body,
scientists have quite recently unravelled that \'erdie and important group of viruses
(including phage viruses) also share different eschwvithin the same ecosystem [16].
Amongst its vast subject area, this review triedirfcorporate major aspects like the
diversity, important functions and evolutionary @sfs of gut microbiota. Apart from the
human microbiota, gut microbiota of the insectsehbeen extensively studied due to the
ease of experimentation. Such studies have leditaiederstanding of the functional and
evolutionary significance of gut microbiota.
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Diversity and role of insect gut microbes and their environmental
implications

The insect’s gut is represented by a large soufcasoyet unexplored microbial
diversity that play important roles from utilizatioof different organic polymers,
methanogenesis, nitrogen fixation to pheromone ywtion, pesticide degradation and
pathogen prevention [17-19]. Data on the differ@mect gut microbiome and their
functional aspects is a vast area that require maientific inputs [19]. The anatomy and
physiology of the insect guts differ greatly andgfaccommodate microbiota that varies in
composition and number (as for example, the appraté number of gut bacteria ranges
from 109 in honey bees, to 105 in a fruit fly, tgfigible numbers in the plant sap-feeders)
(downloaded from: http://schaechter.asmblog.org@echter/2013/06/). As for example,
polyphagous Iberian geotrupid dung beeflbsrectes lusitanicus that feed on and digest
wide array of diet like dung, acorns, fungi, fruigsd carrion harbours diverse group of gut
bacteria that are ranging from aerobic, facultatvaerobic, and aerotolerant microbiota
[20]. During metamorphosis of insect from larvastigh pupae to adults, drastic changes
in the gut microbiome can be noticed which is edependent on the habitats. As for
example, in mosquitoes, shift from aquatic to tetrial habitats lead to dynamic changes in
the gut microbial population, which is more or lesmstant in respect to the habitats it
shares [21]. Till date, most of the gut microfl@@nnot be cultured and the diversity and
population of the species vary from species to isge@ven in individuals of the same
species.

Studies have found that the gut bacteria not oohtribute to the nutritional aspects,
but also play a role in enduring with the coloniaatof the gut by non-indigenous species,
including pathogens, especially in the insects ténites and cockroaches those thrive on
suboptimal diets. The transfer of plasmids andstanjugation between bacterial strains is
a common phenomenon in this kind of insects suggeshat the gut is a “hot spot” for
gene transfer. The relationships between the iredtits microbiome and its application
are interesting areas for research [22].

A recent report on the gut microbiota of honey b&gis mellifera) again suggested
that its gut flora play a critical role to govemportant functions related to the health of
host with 6 of 7 phylogenetic groups consideredecor the honey bee hindgut [23]. In
another experiment, where high levels of genetierdity were found, Engel & Moran [24]
suggested that the genetic variation and functiatiierences may be due to niche
partitioning within this species that has emergednd) evolution.

Insects are evolved with efficient systems for wial recognition and signalling
pathways to fight against variety of pathogenshim intestinal tract as the exposure of the
host to the outside environment is most frequesi. [&s, for example, the gut of the fruit
fly Drosophila melanogaster resembles the intestinal tract of human, whichstamtly in
contact with diverse microbial pathogens as thefdlgds on rotten fruits, etc. In the
response, these insects usually follow the defdhceugh development of peitrophic
matrix and epithelial integrity at gut level [25].

Similarly, some gut bacteria are reported to hbp host insect to protect them from
a range of pathogensiolbachia, a maternally inherited intracellular bacteriurourd in
approximately 40% of insects (and many arthropoecigs), are having the capacity to
manoeuvring host reproduction that benefits inigédéenales [26]Wolbachia also provides
pathogen protection of virus-infected Drosophil@][2Consequently, different strains of



47C Soumya Chatterjee, Sibnarayan Datta, Sonika Sh&ar&a Tiwari and Dharmendra K. Gupta

Wolbachia have also been shown to protect the host insewh fbacteria, viruses,
nematodes and the malaria parasite. It is alsorteghthat wheriPlasmodium gallinaceum,

a malaria parasite is stably transfected Aades aegypti mosquitoes, protection against the
parasite is conferred [28, 29]. This broad-spectpathogen protection happens through
immune priming that upregulates the basal immursparse by inducing an array of
reactions like cytoplasmic incompatibility (Cl) the presence of the symbiont and better
preparing insects against subsequent infection dhggens [30]. The similar kind of
observation was found in transient infections dithbd in the mosquitcAnopheles
gambiae [30, 31]. Biocontrol strategy for reducing denguris transmission to humans
may be achieved in future through thiéolbachia symbiont-infected mosquitoes [25].
Bacteria like, Wolbachia, have an important role that modifies host fithnesther by
improving the ability of wild mosquitoes to surviyathogen infection or may alter the
natural composition of gut flora that hinder théhpgien form colonization [30].

Human gut microflora diversity in different conditions

The diversity of gut microflora in humans is enoteoGut microbial communities
signify a single source of diversity in respecthiaman genetics and metabolic activities
and alteration of the population may also occur tdude changes in diet, age, lifestyle and
disease conditions [32]. Longitudinal variation tbé bacterial flora can be seen in the
human gastrointestinal tract where the speciesl ldifference between proximal (oral
regions) to distal (colonic region) is enormoushwén increase in the bacterial content
distally. The study showed that the oral cavitytears about 200 different species, the
stomach is almost sterile, approximately 108 bécteer g (dry weight) may be found in
the ileac contents and up to 1012 bacteria perrg \eight) are present in the colonic
contents [33].

From 2009 onwards, through the advent of next geimer sequencing and analysis,
scientific community of the world came to know theistence of a number of species
shared by all individuals (human) comprising thglpbenetic core of intestinal microbiota
[34]. Apart from the genuBacteroides, which is most abundant (constituting about 30%),
genera like Prevotella, Clostridium, Eubacterium, Peptococcus, Ruminococcus,
Peptostreptococcus, Lactobacillus, and Bifidobacterium play important roles in human
intestine [35, 36]. The large intestine containgamisms belonging to over 30 identified
genera and as many as 500 separate species ortygenolhe major kinds of bacteria in
the colon are obligate anaerobes, with the moshddmt bacteria are associated with the
genusBacteroides, Peptostreptococcus, Eubacterium, andClostridium [14, 37].

The range of human gut microbiota composition arecording to the age and
geographic origins, pregnancy (changes resembliasito metabolic syndromes such as
diabetes, without any ill-effect) and its compasitis considerably higher in adults than in
children, while individualistic variation is mor@ ichildren than in adults [38]. Further,
individual microbiome composition in human strongliepends upon environmental
exposures and diets which is having less &/or neegie influence and even consistent in
different populations [32]. With advent of knowled this vast field of research, scientist
have recommended three dominant enterotypes, namedyotella, Bacteroides and
Ruminococcus, that are not nation or continent specific andiateim in intestinal
microbiota is normally stratified, not continuo89]. As for examplePrevotella is related
with carbohydrates and simple sugars, while, Ba@es enterotypes is connected with
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digestion of animal proteins, amino acids and saéar fats: thus, one enterotype may
dominate over other on the basis of diets. Howdwag term modulation of diets may lead
to change of an individual's enterotype that alechmedical implications related to health
issues [39, 40]. In the study related to monozygatid dizygotic twin pairs with similarity
in obesity or leanness, it was found that a subSebmmon microbial genes, were shared
among those twins [41]. As per the research repiris assumed that individuals share
a “core microbiome” rather than a “core microbiof42].

Human microbes and the environment: Dynamic interactions

Microbial colonization in the gastrointestinal traaf a human infant starts after its
birth. An infant begins to acquire microbes durittgg birth process. Colonization of
microbes have been seen within approximately twenigutes after birth, in case of
vaginally delivered individual, that mostly carrymdar kind of microbiota of their
mother’'s vagina: while infants delivered via Caesar section harbour microbial
communities typically found on human skin [43]. Taigainment of gut microbiota keeps
on changing over few years, however, within thestfiyear of life, infants begins to
resemble of microbiota that of an adult gut [44%. the child grows, phylogenetic diversity
of the microbes in infant gut considerably incresaaad enriched, but significant changes
also happen during the onset of breast feed, inttimh of cereal, development of fever
and antibiotic treatment and beginning of cookedfidated feed materials [42, 44]. The
dynamic interaction between the human microbioth the environment lead to invariable
transfer of microbial communities between surfazed individuals. Immense populations
of viruses are present in the human gut and otbdy Isites. The bacteriophages are also
present in human gut in huge number (gut viromesyever, till date, their roles in human
health are largely unknown [45, 46].

Role of the human gut microbein health and immunity

The digestion of varied compounds by host’s gutrafiota is well known. Clustering
of microbiome from different guts from human, tdgat with carnivores, omnivores, and
herbivores showed diet based differences in theaiial composition [41]. Significantly,
the microbiome within the human gut permits theedigpn of varied compounds via
metabolic pathways that are not directly relatedhem mammalian genome, thus, greatly
increasing the ability of humans to take out enefiggm diverse diets [41, 42]. The
increased adiposity in individual is not only degent on the quality or quantity of the diet,
but the composition of the microbiome that can aottrmore energy and subsequent
deposition from food [47]. The gut microbiota plagscritical role in obesity. As for
example, in mice model, researchers have showrifismt variation in the microbial
composition within the obese mice with dominatidriFmmicutes group over Bacteroidetes
group that can extract more energy from their giét. However, microbe-induced obesity
can be found in another mouse model, like TLRS5 Ifliké receptor 5) knockout mice,
where, the altered microbiota by some means malemice hungrier, in comparison with
their control counter parts [48]. In human as wile modulation of gut microbiota might
be helpful in therapeutic aspects for promoting glitiloss in obese patients or for
supporting weight gain in others [49]. Individualrhan microbiome is also get enriched
with the microbes ingested with food. A speciakslaf glycoside hydrolases used to digest
porphyran (a polysaccharide common in red algaalsis found in the human stool sample
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as a gene iBacteroides plebeius. However, this gene is not universally presenbseithe
different human race of the world but in Japanestividuals. Hehemann et al. [50]
reported that in Japanese diet, seaweed is a corfoodnitem; the gene of which is also
found included in the gut microbiome of individualho prefers seaweed. Thus, microbes
help greatly to increase the ability of the metam) and allowing us to digest and draw
energy from a diverse range of food materials p2,
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Fig. 1. Diagram showing gut-microbiota interactionsmaintaining gut health through activation of
immunological pathways. Ab - Antibody, CB - Commehdacteria, CD - Cluster of
differentiation, DC - Dendritic cells, EC - Epitiedl cells, GC - Globlet cells, IL - Interleukin,
MC - Mucous cells, PB - Pathogenic bacteria, PRRttern recognition receptor, TC - T cells,
BC - B cells, TGR - Transforming growth factor beta, Th - T helpEtR - Toll like receptor,
Treg - T regulatory

The defensive function of the intestinal microeamiment formed by the microbes as
a whole unit creates the barrier effect or resistan pathogenic bacteria colonization. The
gut bacteria play a key role on systemic immuneesys of the host. The development of
gut's mucosal immune system that starts duringrifat stage of life continues to protect
the gut in terms of physical components and funcfil]. It is reported that microbial
colonization of the gastrointestinal tract affetf® composition of the gut-associated
lymphoid tissue (GALT) [51]. Recognition of harmfilacteria within the gut and
production of antibodies to pathogens by the lynigphissue associated with the gut
mucosa is stimulated by the commensal bacterialnmamity. The first flora settle in the
infant gut are able to affect the immune respomskesaibsequent responses throughout the
life [44]. The expression pattern-recognition reoep (PRR) like toll-like receptors (TLRs)
in the intestines is modulated by the gut bactéhat help the host the ability to
discriminate between the pathogenic and commensatteba, activation of
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immuno-sensory cells like, surface enterocyteses@nd dendritic cells and to repair any
damage due to injury [10, 14]. Nucleotide-bindingjgemerization domain/caspase
recruitment domain isoforms (NOD/CARD) are the otbtass of PRRs that recognize
endogenous or microbial molecules or stress reggoand forms oligomers that activate
inflammatory caspases through activation of inflaatomy cytokines and/or activate NdB
signalling pathway to induce the production of amfimatory molecules [10]. Figure 1
depicts the role of human gut microbiota in maimtag gut health through activation of
immunological pathways.

Human innate gut microbiota and itsvariation

Antibiotics significantly affect the host’'s innatgut microbiota. Reports show that
application of any broad-spectrum antibiotic (as dgample, ciprofloxacin for 3-4 days)
characterizes considerable variability in differémdividuals along with decrease in the
taxonomic richness, diversity, and evenness [5Rholigh, after approximately a week of
treatment, gut microbial compositions began tdaee¢, however, some taxa fail to return
[52]. However, antibiotics are a recognized anéaffe mode of treatment for numerous
infectious gastrointestinal conditions (e.g., iti@es diarrhoea) and also beneficial to
certain diseases like irritable bowel syndrome {IB8d attenuating the effect of dysbiosis
[53-55]. Promotion of community resilience is artemesting feature that helps the
microbiota to overcome the stresses. Though thesavEmicrobiome plasticity have yet to
be elucidated, some recent findings, especiallglfadcrobiota transplantation (FMT) has
been successful in a number of studies [42, 56, 57]

Host microbiome can also be modulated to confeeath benefit to the host using
‘probiotics’ (live microorganisms that are not ctingents of the host microbiome). Ringel
et al. [58] showed that use of specific probioicsome of the diseases associated with
intestinal dysbiosis like antibiotic-associatedrdiaea, ulcerative colitis, pouchitis, and
IBS-have yielded therapeutic benefits: however, rttogle of the underlying effects yet to
be known completely. A study on the consumptionaoprobiotic yogurt revealed the
changes in expression of microbiome-encoded enzyifielted to carbohydrate
metabolism), but no impact was found on microbiapydations in faeces [59]. Several
possibilities for the use of probiotics in dysb®sbnditions are there that may include use
of a modified consortium or genetically engineebadteria for targeted, enhanced benefits
[59, 60].

Use of ‘prebiotics’ can also lead to change of gutrobiota that favours a more
beneficial microbial community. Prebiotics are nigedtible food components that are
selectively fermented by specific microbes in gutrngbial community [61]. However, it is
still not clear to the researchers if prebiotic divement promotes constancy in the
population or results only in temporary shifts afpplation that are beneficial [62].
Correspond a prebiotic with a probiotic (formingynbiotic) may be a fresh approach to
make dietary-induced changes in the gut microlji@dh

Role of gut commensal bacteriain partner selection

One of the important mechanisms for the origin eWrspecies is mating preference
through the selection of partner [63, 64]. The emaf speciation rests on the origin of
isolating barriers that prevent actual or potentighe flow among populations and
thereafter identification of the traits along witie evolutionary forces that control these
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traits [65, 66]. Even though the gut microbiome ipatates several aspects of organismal
fitness, its responsibility in animal evolution atite origin of new species is mostly
unidentified. It has already been known that matprgferences in flies depend upon
several factors like environmental conditions, sashhumidity, temperature, pH of the
rearing media, diet etc. [64, 67-69]. Dodd [68]nmaiily reported the positive assortative
mating in Drosophila pseudoobscura that preferred mating partners reared for mora tha
25 generations in the same media: the flies rearedither starch-based or maltose-based
media preferred mating partner came out from tlwim rearing media developing
a population either of “starch flies” or “maltosesfli. Similar kind of study o®rosophila
melanogaster was published by Sharon et al. [63] using molasses starch as rearing
media, where the mating preference of these flgmeared only after one generation and
was maintained for at least 37 generations. Intiegdyg, mating preference was abolished
after a treatment with antibiotic, signifying theportant role of microbiota of fly gut for
the phenomenon [64]. These observations triggehedstientific community to study
further on the speciation and evolution of a popaitabased on dietary substances. It is
known that physical barriers like mountain ranged &vers can separate closely related
species and keep them away from cross-breeding.ekenywthe microbes in an animal’s
guts could have the similar function in selectidmmates. Further, gut microbiomes could
have an effect on an organism's longevity andapscity to reproduce. A study on termites
Zootermopsis angusticollis and Reticulitermes flavipes treated with antibiotic showed the
reduced diversity in their gut flora that led toduetion of beneficial microbes and
subsequent malnourishment that led to the produdfcsignificantly less number of eggs
[70].

In a recent study on the parasitic wasasonia sp., Brucker & Bordenstein [71]
showed that the bacteria in this insect gut of heavly diverged wasp specieNlgsonia
giraulti andNasonia vitripennis) perform as a living barrier that prevents thewlationary
trail from mating together. The wasps delicatelyinten a dissimilar sets of gut
microbiomes, and after their cross-breed, the kightievelop a distorted microbiome in the
intestine that causes their premature deaths Fther in this study, it was found that
bacterial constituents and abundance are unequmlhirids relative to the parental species
and bacteriunmProvidencia sp. dominates the parental species in the gutlevidroteus
mirabilis in the hybrid one, which advocates that inter-tineg between two species brings
about detrimental alteration to the gut flora, Ise tmicrobiome oNasonia helps to remain
the two species separate [71].

With the emerging concept of hologenome researchsgsconsidering that the gut
microbiome is vital to human evolution as well. Ap&rom other socio-psychological
factors, human gut microbiome helps in adaptatlikesdigestion, smell and the immune
system that may have an effect on partner seleft@n

Food, gut microbiota and evolution in human

About 4.4 to 2.5 million years ago, Australopithecepecies marked the early
evolution of our lineage that started as a sptitrfrprehistoric apes and was connected to
a shift to food habits and climate change [73].nkréustralopithecus throughlomo
erectus, modernHomo sapiens came about 1 million years ago when the climat&anth
became cooler, drier, and grasslands (C4-plant mition) expanded [12]. However, food
might be the central machinery for human evolutidime comparisons between the
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microbiomes of our evolutionary relatives have eded genetic variability involved in the
development of human-lineage specific traits. le thistory of human ecology, starch
played an essential role as the primary energycsguespecially when evolution of
agricultural based societies took place over thatdregatherers [12]. Gene responsible to
produce starch hydrolytic enzyme salivary amyla&®iY1) not only duplicated in the
human genome after the split of humans from thenphihzee, but also, shows extensive
variation in copy number, based on the diets, émemodern human [74]. Amazingly, on
average, more AMY1 copies were found in individual#h high-starch diets (e.g.,
agricultural societies) than those with traditidpdbw-starch diets [12]. Another example
is lactose tolerance in human which came aftertaadof milk in the diets is a very recent
in our evolution. Introduction and fixation of thigait was found especially with
populations coincides geographically with milk miotgene diversity in cattle [12, 75, 76].

Change in climate and related foraging behaviowar @iet might help in evolution in
human. The famous “grandmother hypothesis”, whheedider females in a community
started foraging and sharing plant roots, bulbs taibérs to their children, the behaviour
that supported more pregnancies, post-menopausaleVity in adults, and better
nourishment in children. The increased role of thitb-tuber based diet is found consistent
and the stable isotope composition was found sirtdléhe tooth and bones of early human
and African mole rat, a present-day consumer dfi $oods [12, 77, 78].

Gut microbiota and health implications like cancer

Among the other human diseases, two most impowgtottal health problems are
Diabetes and cancer. Recent data suggest that gubhiota may have important
implications in modulating the risk of these disasind their therapeutics. Apart from
genetic components, based on numerous clinicalepmogical studies and experimental
animal models it has been proposed that gut miotabhay contribute to the development
of colorectal cancer (CRC) through exposure ofghemucosa to the microflora and their
metabolites [79]. Though such malignant transforomast are poorly understood, but
different mechanisms involving increased inflammati due to pro-inflammatory
signalling, direct cytotoxic effects or carcinogemnetabolites produced by the microbes
been proposed [80].

Helicobacter pylori (H. pylori) related gastric carcinoma is the widely-studirdneple
of microbiota-induced Gl tract carcinoma. Studi¢ifizing H. pylori andH. felis (murine
model of H. pylori infection), have shown that the microbe may causaignant
transformations of the gut epithelium either throuzhronic inflammation of the gastric
mucosa by induction of T cell-mediated cellular ioma response [80-82], or by
production of reactive nitrogen intermediates ttlamages DNA [83, 84]. Additionally,
other bacterial populations have also been im@itah the development of colorectal
carcinomas since it has been observed that gutofiica is altered in patients with
polyposis stage or colon carcinoma, with increasehe diversity ofClostridium spp.,
Bacteroides andBifidobacterium spp., as compared t@actobacillus spp. andEubacterium
aerofaciens in subjects with low risk of CRC [85-87].

Apart from the direct involvement of gut associateticroflora, epidemiological
evidence implies that by-products of microbial meiesm of diet (e.g. hydrogen sulphide
produced through metabolism of high protein dietsshlphate-reducing bacteria) might
also lead to CRC [85, 88, 89]. It has also beeronted that gut bacteri&nterococcus
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faecalis may promote DNA damage in gut epithelial cellsotlgh production of
extracellular reactive oxygen species (ROS) [90}ttsough DNA-damaging clastogens
produced byE. faecalis activated macrophages, a phenomenon known asystanler
effect [91].

Fecal microbiota transplantation: Bacteriotherapy for future

Fecal microbiota transplantation (FMT) or stoolnsglant or bacteriotherapy is the
process of transplanting fecal bacteria from a thgaindividual into a recipient [92].
Though this is a new branch in therapeutics, has lliemonstrated to be an extremely
effectual treatment for patients suffering fr@tostridium difficile infection (CDI), which
produces effects ranging from chronic diarrhoegpg$eudomembranous colitis. Chronic
diarrhoea is associated with an alteration of guticrebiota when
a pathogen occupies the gut and in a number ofitbomsl linked with intestinal mucosal
damage or bowel dysfunction (as in inflammatory bbeisease, irritable bowel syndrome,
or small bowel bacterial overgrowth) [57]. The egw@mice of hypervirulent strains of
C. difficile in different parts of the world, especially in éimic proportions in North
America and Europe cause almost 110,000 deathsygmer, where FMT has acquired
growing importance with some experts calling fotatbecome first-line therapy for CDI
[57, 93]. Further, faecal autologous bacteriothgrafAutologous Restoration of
Gastrointestinal Flora - ARGF) or FMT therapy usisgndardised filtrate composed
virtually entirely of viable faecal bacteria in alourless, odourless form is a promising
branch that may help to address many diseasesuref[94].

Recent studies on Human gut virome

The human microbiome, especially the study of bi&cthas remained a focus of
research for more than a decade now. However, tlgcestientists have started
understanding that bacteria aren’t the only miogaaisms that inhabit human bodies, but
a diverse group of viruses also share differenhegcwithin the same ecosystem [16].
According to a rough estimate, there are almosttiti®s more viruses in the human body,
as compared to total number of eukaryotic cellsus8s are omnipresent in nature: most of
them were believed to be pathogenic, can infectyepessible kind of living system [16,
95]. On the contrary, recent studies are suggethiaiga wide diversity of viruses is part of
normal human being and many of them may not beogathic, but help the individual to
stay fit. These resident viruses are termed as dmwirome’, and their identification
through metavirome studies have opened new aveinuesderstanding highly complex
human-bacterial-viral or human-viral interactiomifferent viruses are now known to
control the bacterial diversity present in differgmart of the human body [96, 97].
Additionally, thousands of endogenous viral remairesalso known to be embossed in our
genome, representing as much as 8% of our geno8jeAfong the metavirome studies,
stool samples have been mostly explored to undetfstile human gut associated viral
population, due to easiness in collection of ad#musample through non-invasive
procedures [99].

Adult gut virome is known to harbour an abundandl aaried community of both
DNA and RNA viruses, majority of the DNA virusesifig bacteriophages, while RNA
viruses being plant viruses [100]. In one of thdiest studies on human gut virome (DNA
viruses), approximately 1,200 different virus gemets were recorded, majority of which
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belonged to th&phoviridae family of bacteriophages [101]. In another studgused on
DNA virus diversity in a healthy 1-week-old infambw diversity of viral community was
observed, which was composed mainly of Caudoviraleier of phages, and the viral
community changed dramatically between 1 and 2 week age [100]. Recent
investigations utilizing extremely deep metagenosgquencing have also confirmed the
predominance of bacteriophages, affiliated to thenilies Sphoviridae, Myoviridae,
Podoviridae and Microviridae in human faecal matters, some of which evolve edpid
rate, as compared to the others, leading to gnéatindividual diversity [45, 46, 102, 103].
An extensive review of different family of virusdstected in different parts of the human
body has been published elsewhere [99]. It is n@N agreed by the studies that phage
communities in the human gut play a crucial roléhie controlling pathogenic as well as
non-pathogenic bacterial community structure antttion. In addition to the control of
bacterial population, bacteriophages normally stddieh the mucus barrier (lining airways,
intestine, oral cavity and other orifices) haverbdemonstrated to confer non-host derived
immunity in human, suggesting a symbiotic relatfopshetween phage and human [104].
Very interestingly, it has been observed that @ertplant infecting RNA viruses,
specifically Pepper mild mottle virus (PMMoV) is tdeted in significant amounts in
human faecal matter [105]. Although plant viruses believed to be non-pathogenic to
humans, but a recent study on PMMoV has sugge&egdssibility of a pathogenic role of
this plant viruses in humans [106]. Moreover, thigl other studies have also suggested
a dynamic and inter-individual difference in therfan gut virome, depending largely on
the diets, as has been demonstrated for gut ba¢tdrj 106].

Nevertheless, our knowledge of gut associated bapteage community remains
poor, since only a few well characterized gut-asgted bacteriophage genomes are
currently available, from which their possible aimition to gut ecosystem could be
deduced. Remarkably complete genome analysis ofithean gut-specific bacteriophage
(pB124-14, infecting closely related gut-associaRatteroidesfragilis strains) revealed
novel functions which were previously seldom assec with viral genomes or human gut
viromes, and these functions could potentially eaatageous for both the phage and/or
its host bacterium [107].

Conclusions

Through the inheritance of varied processes, toalsl infrastructure after the
completion of Human Genome Project, scientistdedato delve into the fascinating field
of gut microflora of the varied fauna. Evolution afl the eukaryotes occurred in the
presence of diverse group of microbial communitieg appeared as early as 3.25 billion
years ago on planet Earth. The role of these migk@ommunities is immense. The gut
microbes usually constitute the densest cell nunmberany species and have been found to
be the most diverse in human. Newly branded thenibdu Microbiome Project’ is now
determining the most complex and abundant microtamhmunity and their interactions
that have impacts from individual to community |EM®8]. Published results have pointed
out the importance of gut microbiota in human Heahd in diseased conditions. Similarly,
few specific bacteria in the gut flora of insectaymhelp to reduce the progression of
pathogens &/or diseases: these bacteria may alpoelsenomically important insects to
increase the immunity and disease resistance agafestion in future. Further, several
biotechnological applications may be possible byizitg many new findings. High
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resolution microbial community structures, comgosit function, ecology and evolution

are being studied utilizing innovative moleculartagenomic-bioinformatics techniques.
However, understanding of the gut microbiome netdsddress number of predictor
variables including study design, sample collectimd methodologies. Century old
guestion of entwine genomics and functions of symts with their host genome may also
get illuminated. A concerted efforts and collabmmabf scientists of varied fields including

microbiologists, molecular biologists, medical praeers, clinicians, physicists,

bioinformaticians, and statisticians is the neethefhour to get proper accomplishment in
this field.
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