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Plants are heavily populated by pro- and eukaryotic microorganisms and represent therefore the tremendous
complexity as a biological system. This system exists as an information processing entity with rather complex
processes of communication, occurring throughout the individual plant. The plant cellular information proces-
sing network constitutes the foundation for processes like growth, defense, and adaptation to the environment. Up
to date, the molecular mechanisms, underlying perception, transfer, analysis, and storage of the endogenous and
environmental information within the plant, remain to be fully understood. The associated microorganisms and
their investment in the information conditioning are often ignored. Endophytes as plant partners are indispen-
sable integrative part of the plant system. Diverse endophytic microorganisms comprise «normaly microbiota that
plays a role in plant immunity and helps the plant system to survive in the environment (providing assistance in
defense, nutrition, detoxification etc.). The role of endophytic microbiota in the processing of information may
be presumed, taking into account a plant-microbial co-evolution and empirical data. Since the literature are be-
ginning to emerge on this topic, in this article, I review key works in the field of plant-endophytes interactions in
the context of information processing and represent the opinion on their putative role in plant information web

under defense and the adaptation to changed conditions.
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Plant is a complex ecosystem with a versatile com-
munal life. The plant as all existing living entities is
systemically inhabited by diverse microorganisms [1—
3], and so far it constitutes a hierarchically complex sys-
tem, displaying different genetic landscapes, interacto-
mes, and information processing networks. The plant
controls its interactions with beneficial and pathogenic
microbes in the context of environmental influences,
and the outcome of such interactions depends on the in-
teracting partners and their surrounding. Individual
plants have unique microbiomes, and differences in plant-
associated microbiome structures occur mainly due to
host genetic control. However, vertically-transferred core
microbial species follow the plant host species during
its evolution [4, 5]. Micro-inhabitants interact with the
plant partner in a metabolically-based manner, using own
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«talents» of making relationships. On the first view, the
interactions between partners can be described in terms
of classical relationships: from obligatory symbiosis
through loyal mutualism and unobtrusive commensa-
lism to obligatory parasitism; however, plant-microbial
relationships may be more specialized or variable and
often depend on the phase in microbial life-time and en-
vironmental factors. Moreover, mutualists are able to
short-circuit plant defense responses to enable succes-
sful colonization of the plant host, demonstrating that
the boundaries between mutualists and pathogens are
factitious.

A wide range of co-inhabitants create a spectrum of
impacts on the plant biology. Accidentally incoming
microorganisms may play a simple role of additional or-
ganic food processed by plant into valuable nutrients
for heterotrophic feeding, but co-evolved inhabitants
cooperate with the plant, affecting its fitness. Recrui-
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ting of the soil and rhizosphere microbes by plant sys-
tem is fully reasonable, relying on cooperative tenden-
cies in the world of living organisms [6] and a poor plas-
ticity in the plant as a multi-cellular entity under adapta-
tion to the changed environment in comparison with as-
sociated microbes; genetic exchange and phenotypic
variation are important drivers of microbial plasticity,
which are critical for microbial persistence in fluctua-
ting environments. It is exploited by the plant, permanent-
ly selecting dual microbial partners for its programs
(fighting the enemies, adaptation to the changed envi-
ronment efc.). In evolution, the plant as a sessile orga-
nism has got practically additional instrument repre-
sented by microbial organisms for a tuning its behavior.

Microbes are self-sufficient unicellular organisms,
however, they are united in multi-cellular populations
within a species and exhibit inter-conversion between
phenotypically distinct sub-populations. The latter for-
mation depends on the surrounding, a nutrient availabi-
lity, specialization etc. Cells of both heterogeneous bac-
terial single populations or well-organized communities
of mixed populations interact for coordinated activi-
ties, i. e. populations behave as multi-cellular organisms
and exhibit signs of a social entity [7]. To govern the
unity of a cell population and to manipulate the sub-
structures within species, the well balanced regulatory
systems evolved, which are based on the perception and
processing of information, e. g. cell-to-cell communi-
cation via regulatory molecules or physical signals. Due
to coordination and synchronization, microbial orga-
nisms exhibit cooperative social behaviors, such as bio-
film or persister phenotype formation, chemical defense,
etc. In the plant system, the activity of associated mic-
robiota expressed in providing bioactive compounds,
which plant cannot produce, in fine-tuning plant beha-
vior under adaptation to changed conditions, detoxica-
tion of the plant super-organism etc.

When we focus on information processing in the
plant system, we cannot ignore microbial constituents,
which may either serve or regulate some plant physiolo-
gical processes and so far participate in its information
processing networks. Especially, this may concern en-
dophytic microorganisms, which comprise indigenous
residents within the plant interior and represent a diver-
se part of plant-associated microbiome (reviewed in [1,
8, 9]. There are certain peculiarities in the endophy-

te-plant partner co-existence: (i) endophytes are a cate-
gory of microbes, that capable to cheat plant immune
system in order to form populations in the plant interior
without causing any harm; (ii) relaying on small-size
populations restricted by a set of factors (e. g. a short-
age of signaling molecules, nurients, a control by the
macro-organism etc.), endophytes seem to be metabo-
lically less active than microbes, colonizing the plant
outside; (iii) the spatial structure of endophytic micro-
biome can strongly affect their social interactions; en-
dophytic bacteria frequently grow in dense, multi-cellular
communities in biofilms [10], however, more often a dis-
tance between their cells/populations is longer than e.
g. in epiphyte microbiome.

Endophytic populations are constituted by both ge-
notype-associated core species, which often pass through
plant generations, and incoming recruited microbes.
Metagenomic analysis of DNA derived from the inner
tissues of healthy plants showed a great diversity of mic-
robial organisms within the plant host[2, 3, 6, 11]; even
grown aseptically in laboratory plants exhibit systemic
colonization of the endosphere. Endophytic communi-
ty members directly or distantly communicate between
themselves and with the plant host, using physico-che-
mical signals, and are doomed to be either integrated
into the plant information web or at least to interplay
with it. There are several indirect lines of evidence to
believe that endophytes are acceptors and enhancers of
environmental signals, as well as they are creators and
mediators of intrinsic information.

First, endophytic microorganisms have multiple
impacts on a plant micro-ecosystem functioning and
may affect plant responses to various environmental
changes, including climate (see rev. [1, 9]). Second,
both plants and microorganisms produce a wide array
of similar metabolites, which have common precursors.
For example, the universal precursors for isoprenoids
(carotenoids, quinones, hormones and secondary meta-
bolites, that serve in plant defense and communication)
may be produced in two ways, and both of them are wi-
despread in eubacteria and archaea [13]. The hypo-
thesis of xenohormesis proposed by Howitz and Sin-
clair [14] states that stress-induced molecules from
plants can be sensed by microorganisms, which obvi-
ously are capable to produce similar secondary me-
tabolites. According to this hypothesis, plants and mic-
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roorganisms possess homologous gene clusters (pro-
bably, being horizontally transferred between do-
mains) and thus might be cross-activated by plant hosts
or endophytes under some emergency (e. g. pathogen
attack). It is a well known example of the same bioac-
tive compounds synthesis by medicinal plants and en-
dophytic bacteria or fungi, residing in these plants (ta-
xol, for instance, producing by fungi [15]). Third, en-
dophytes possess certain instruments of interaction with
plant hosts similar to another plant-associated micro-
organisms. Commonalities in endophytes and pathogens
seen, e. g. in availability of type III or IV protein secre-
tion systems [16, 17], which they may use for adaptation
in the plant host. However, the question remains, con-
cerning the functionality of these systems. The hori-
zontal acquisition of type IV secretion system is known
in the nature and presumably may occur in the endophy-
tosphere. For example, in the endophytic Klebsiella pneu-
monia, genetic determinants for such secretion system
are located within integrated mobile element and could
be acquired via a gene transfer mechanism [16]. Final-
ly, it was documented in many laboratories, that the in-
digenous endophytic microbial communities sense ex-
ternal cues, modulating a community structure under
the impact of biotic or abiotic factors on the plant sys-
tem [12, 18-24].

How adaptive social interactions evolve in the endo-
phytosphere? What are the parameters, governing the
success of cooperative traits? How microbial organisms
mount own information web within authentic plant in-
formation continuum? Is there the cross-talk between
endophytes and the plant host within information pro-
cessing networks? To address these questions, we first
need to outline briefly the authentic information proces-
sing system in plant host and then to provide some care-
ful prognosis about a cross-talk between endophytes
and the plant partner, as the role of endophytes in the
plant information processing networks has no yet a so-
lid foundation. Nevertheless, important insights may
be obtained from the analysis of the impact of other
plant-associated bacteria on information processing in
the plant system, mainly pathogens and their non-patho-
genic mutants.

Information processing system in plants as alter-
native to neuronal network. Information is encoded
signals, incoming to the living organism from outside
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or being induced inside and spreading over signaling
cascades to a target cell. The plant information network
is hierarchically organized due to sub-systems at each
organizational level, which allow to process signals in
the plant interior and re-distribute there in some other
form [25]. Plants permanently meet the environmental
challenges, which cannot avoid (the gravitational force,
the influence of the Moon, vibrations, irradiations, tem-
perature, pathogens etc.) and need to adapt itself to per-
manent challenges. While they don’t have a real neuro-
nal network, individual plants have sensory receptors,
ion channels, vessels, which have certain features of a
«nervousy system [24] and may represent specific kind
of a proto-nervous system in plants [26]. It can perform
subsequent transformation of accepted signals in the form
of plant-specific information, using the regulatory mo-
lecules, such as plant hormones, receptor kinases,
transcription factors, small non-coding RNAs, efc. (re-
viewed in [27]). Another class of intrinsic modulators
of signals is the bioelectric impulses being derived
from ionic exchanges across membranes and channeled
within a phytoneural system [25]. There might be a «de-
cision-makingy process, prioritizing one type of respon-
se above others; recognized and encoded information is
transferred to the nucleus, where plant response is regu-
lated at the levels of transcription, translation and post-
translational events. In addition to processes, occurring
in nuclea, the apo- and aloplastic information proces-
sing play a critical role in regulating integrative func-
tions in plants.

Some acquired valuable information is stored by
plants in order to update their behavior and survive
future challenges; in other words, plants induce a
«memory» via epigenetic mechanisms (reviewed in
[28]).

Individual plant cells have acquired highly autono-
mous capabilities in sense of information processing.
The question rises, how molecular networks at the sing-
le-cell level ultimately define collective cell behaviors?
The understanding, how interaction among cells pro-
ceeds, enabling the spread of signals within informa-
tion processing networks, is a fundamental problem in
biology. The closely related question is, how this auto-
nomous cell system mediates the regulation of func-
tions across the plant, including growth, defense, and
adaptation to the environment, and how this system



CROSSTALK BETWEEN ENDOPHYTES AND A PLANT WITHIN INFORMATION-PROCESSING NETWORKS

cross-talk with information processing networks of as-
sociated microbes?

Endophytes as putative components of the infor-
mation processing network in a plant system. Signal/
perception and transmission. In a hierarchy of the plant
information-processing system, the sub-systems, which
recognize, percept, and transmit signals, take a central
place. In plant systems, perception and transmission of
biochemical signals occur mostly through two mecha-
nisms: (i) protein-protein interactions and enzymatic re-
actions such as protein phosphorylation and dephospho-
rylation or (ii) protein degradation or production of in-
tra-cellular messengers. There are two stages in protein-
protein interactions: (i) a cell surface receptor should
be activated by an extracellular signaling molecule; (ii)
this receptor alters a second messenger, mounting a res-
ponse. One of the systems, sensing and responding to
environmental cues, is a histidine kinase-based signa-
ling system, which plants use to relay signals [29]. Au-
tophosphorylating histidine protein kinases provide
phosphoryl groups for response regulator proteins, and
phosphorylation induces so far a conformational chan-
ge in the regulatory domain that results in the activation
of an associated domain and a switch on of the response
or further signal transmission. The ectodomain of plant
receptor kinase functions in different signaling path-
ways, including symbiosis and defense [30]. In apo-
plast, environmental signals, e. g. chitin, peptidogly-
can etc. (MAMPs) (see on-line at www.biopo
lymers.org.ua doi: 10.7124/bc.00081D) are being re-
cognized, accepted and transported across a cell wall
and membrane to tissues/organ, so far the apoplast is
involved in a cell-to-cell communication. Here, hormo-
nes interact with cell-surface recep-tors, and microorga-
nisms trigger a local or systemic acquired resistance, i. e.
this is a place, where intensive information recognition
and decoding-encoding events take place. Both apo- and
aloplasts are occupied by endophytes [31, 32], which
might be involved in plant programs, and in these set-
tings, a cross-talk with the authentic plant information
processing network may occur.

In bacteria, in analogy to plants, there is the auto-
phosphorylation of histidine residue on the ectodomain
and a phosphor-transfer from there to an aspartate resi-
due on the response regulator. It was shown, that histi-
dine kinase modules are evolutionarily conserved bet-

ween plants and bacteria. Phylogenetic analysis indica-
ted that two-component systems (TCSs) originated in
domain Bacteria and were radiated to domains Archaea
and Eukarya via multiple lateral transfer events. This
observation is also supported by greater abundance and
wider distribution of TCS in Bacteria, in comparison to
Archaea and Eukarya (reviewed in [33]). One such
feature is the integration of TCS signaling pathways
with other signaling systems of eukaryotes: bacterial
histidine kinase components have been shown to be
functional in plants and vice versa [34]. This may mean
that in some cases, bacterial TCSs can be integrated into
plant information processing events, when some sig-
nals in endophytosphere can be captured by bacteria or
when indigenous bacteria amplify plant hormonal
signals by own resources, being involved in some event
of joint interest (e. g. defense).

Scaffolding: is there commonality in pathogens and
endophytes? Environmental cues are perceived and trans-
mitted by a myriad of plant signal transduction pathways;
by turning on specific transcription factors in the nuc-
leus this leads to the activation of genes, encoding pro-
teins, that enable plant adaptation to environmental chal-
lenges. Many of these genes are more often regulated
by the modulation of scaffold protein properties than by
the activities of integral components in the signaling
cascades. This strategy enables signal transmission to be
turned on or off rapidly or to be tuned to the cues via the
assembly or disassembly of the complexes of plant scaf-
fold protein with bacterial effector molecule. Actually,
the manipulation of scaffolding represents the intimate
type of plant-microbial interactions. Some bacterial fac-
tors use plant scaffold proteins to become active, while
others target the host scaffold proteins to suppress its ac-
tivity. For example, the interaction between the HopQ1
effector secreted by Pseudomonas syringae pv. phaseo-
licola and a specific plant protein is needed for modu-
lating the properties of this bacterial effector in planta
and spreading through the plant [35]. The outcome of the
scaffolding depends on the competition between pro-
cesses mediated by the plant and bacteria. When HopQ1
enters plant cells, it is recognized by the immune system,
which prevents infection. However, being phosphoryla-
ted, the effector suppresses plant defense, and a sprea-
ding across the plant depends on the speed of phospho-
rylation-dephosphorylation processes. Transcription fact-
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ors, which are used in the plant system to coordinate
gene expression, might be imitated by bacteria to indu-
ce developmental gene reprogramming on their benefit
[35]. In this relation, plants are not complete losers and
also use such a strategy, secreting compounds that mimic
the bacterial signals and thereby may confuse bacterial
activity [37].

Role of bacterial bioactive molecules in the regula-
tion of biological processes in plants. The metabolo-
mes of plants include thousands of bioactive compounds,
which significantly exceed those of prokaryotes or ani-
mals. However, there is a room for microbially produ-
ced biologicals in the plant information web. The me-
tabolome of bacterial cells consist of thousands metabo-
lites, referring to genome-based metabolic network mo-
dels [38]. Microbes utilize this great variety of metabo-
lites to perform fundamental processes (population main-
tenance, defense, intra- and interspecies communica-
tion efc.). Small bacterial bioactive molecules such as
hormones, autoinducers, volatiles etc. act as signals to
recognize the environment and coordinate physiolo-
gical processes in the contact with surrounding. Some
of these molecules could be used by microbial orga-
nisms to manipulate the plant physiology, silencing hor-
mone-mediated signaling or amplifying plant signals
by own hormones.

Plant hormones have a designation to collectively
regulate every aspect of plant life, from pattern forma-
tion during development to responses to biotic and abio-
tic stressors [39]. These low-molecular-weight com-
pounds abscisic acid (ABA), auxins, brassinosteroids,
cytokinin, gibberellic acid, ethylene, jasmonic acid
(JA), salicylic acid, several peptide hormones act as
systemic signals, transmitting information over large
distances. Hormonal signaling pathways are known to
interact at the level of gene expression. Studies show
that there is overlap between phytohormones, as well
as between hormones originated from plants and mic-
roorganisms.

Bacteria manipulate plant development by interfe-
ring with the plant’s own growth hormones, in particu-
lar, with auxins. For example, rhizobia reduce the au-
xin transport, exploiting flavonoids, which have been
suggested as potential auxin transport inhibitors [40].
Another intriguing example illustrates, how a bacterial
component of flagella positively contributes to MAMP-
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triggered immunity by silencing auxin receptors and
subsequently suppressing auxin signaling [41]. Bacte-
ria manipulate also the components of another plant
hormone signaling pathways (ABA and JA) and do this
via miRNAs [42].

Quorum sensing and communications within endo-
phytosphere. The produced by the plant host hormones
can cross-signal with quorum sensing (QS) signals to
modulate bacterial or fungal gene expression. QS-sig-
naling may represent an example of the integrative net-
work of signal processing in plants and takes important
position in the global information processing network.
Plants can recognize, uptake, degrade or quench micro-
bial signaling molecules — autoinducers [43]. Microbes
produce and detect the latter in order to recognize self
and non-self, as well as to synchronize cells for the exe-
cution of specific functions like production of enzymes,
conjugation, biofilm formation etc. under a threshold
concentration of autoinducers [44]. In the endophyto-
sphere, the benefits from secreted substances such as
QS molecules seem to be much lower because autoin-
ducers commonly diffuse not so far away from produ-
cers. Endophytes utilize Al-1 or Al-2 systems [45, 46]
or unknown yet QS [47] and, theoretically, may increa-
se a pool of signaling molecules by incoming endophy-
tes or activated (re-awaken) resident populations. QS re-
gulates cell—cell communications within a single popu-
lation, as well as inter-species and inter-kingdom inter-
actions between bacteria, fungi, and plants [43]. Recent
results show that QS has a prominent role in interrela-
tionships between the plant and endophytes [48, 49].
The composition and abundance of autoinducers may
modulate cultivar-specific plant responses, e. g. a bacte-
rial strain with quenched QS signal had a great impact
on gene expression in the host plant, as compared to a
wild strain [48].

In the plant endosphere, synergism among different
bacterial species in the interspecies signaling is a highly
probable [19, 49]. With certain presumption, we may
speculate about synergistic effects in endophytic micro-
biome between community members, producing the sa-
me type signaling molecules, or the donation them to
species, which have no a quorum of autoinducers in
small endophytic populations. In theory, QS signal mo-
lecules may provoke resuscitation from dormant state in
endophytes, gaining signs of emergency from the envi-
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ronment. The question rises again, how endophytes sen-
se external signals?

Resuscitation of endophytic persisters: an interplay
with plant information processing? The metagenomic
approach to a study of microbial communities has ope-
ned an unprecedented variety of uncultivable endophy-
tes. It was shown, in particular, that their diversity ex-
ceeds that of the cultivable bacteria isolated from plant
tissues on Petri plates [S0—54]. In general, the unculti-
vable bacteria originated from environmental samples
fall in either a category for which appropriate labora-
tory conditions necessary for growth are not identified
yet, or a category that requires the removal or addition
of certain factors to re-initiate growth [55]. Many bac-
terial species are able to enter into a state of dormancy,
in which cells can persist for extended periods without
division. Persisters resist acids, multi-drug action, os-
motic stress, oxidation etc. [56] and reach this without
any genetic change. The reversibility of this state enab-
les dormant organisms to «re-awakeny» or resuscitate
under conditions permissive to re-growth.

Signaling molecules such as cyclic adenosine mo-
nophosphate and N-acyl-homoserine lactones were
shown to be responsible for resuscitation from a dor-
mant state; in addition, the resuscitation-promoting fac-
tors (Rpf) can stimulate growth after exiting the VBNC
state (reviewed in [57]). Rpfs are the member of a fami-
ly of secreted proteins found throughout the Actino-
bacteria and in Firmicutes species, which produce pep-
tidoglycans from the cell wall that could exert bacterial
signaling [58, 59]. Growth factors used for the resusci-
tation of non-dividing cells are not limited to the des-
cribed species and obviously can be associated with re-
suscitation of plant-associated microbiota. The high le-
vel of persistence is favored by great competition for re-
sources, and it may be predicted in the endophytosphe-
re. Persistence provides a direct benefit for populations
by producing a sub-population that reduces local compe-
tition for resources and preventing therefore the spread of
strains with a poor fitness. Certain (dormant) endophy-
tic populations of microbes may sense a lack of signals
needed to perform any physiological functions in the
endophytosphere, in contrast to active sub-populations,
which are more plant-«devoted» and capable to fulfill
beneficial functions, e. g. nitrogen fixation [60—62]. On
the other hand, the host may keep endophytic microbial

populations small, preventing their proliferation with spe-
cific regulators, destroying or quenching microbial regu-
lators [49]. The maintenance of dormant sub-popula-
tions may be a hidden strategy in the plant system survi-
val, and a mechanism of re-growth of dormant popula-
tion may serve a plantmicrobial cooperation under stress-
ful conditions. Actually, the formation of persister cells
is not reported for endophytes yet. In line with this, in
the pathogenic bacterium Xanthomonas fastidiosa, the
formation of persister phenotype under stressful condi-
tions is recently discovered [63].

The expression of toxin—antitoxin (TA) systems di-
rectly correlates with the persistence phenotype, indu-
cing in microbes under unfavorable conditions [64].
Stress conditions result in the degradation or depletion
of the antitoxin and the disturbance of the TA balance,
leading to the delay of main cellular processes and
dormancy. TA loci are highly abundant in free-living,
but lost from host-associated prokaryotes [65]. Never-
theless, the TA systems were detected in complete geno-
mes of endophytic bacteria [66, 67], including obligate
endophyte Herbaspirillum seropedicae, and presumab-
ly TA systems exist in all endophytic species, but re-
main uncovered yet. Relaying on a big body of eviden-
ce, which exhibit the modulation of endophytic micro-
biome under impact of different external cues [12, 18,
19, 21-23, 51, 67], it can be presumed that both known
and uncovered yet (bio)physical and (bio)chemical sig-
nals are involved in «awakening» and synchronization
of microbes in endophytosphere.

Epigenetic manipulations by bacteria in the plant
system. Epigenetic mechanisms include DNA methyla-
tion and post-translational modifications of histones and
serve the regulation of gene expression during plant de-
velopment, defense, and exposure to stresses (reviewed
in [68]). Plants perceive both abiotic and biotic stresses
within a life-time, «memorize» them via epigenetic me-
chanisms, and save this «memory» for next generations
[69—71]. In bacteria, epigenetic mechanisms control
DNA replication and gene expression, the packaging of
bacteriophage genomes, transposase activity, a stress-
induced variability of bacteria [72].

The role of epigenetic mechanisms in shaping host—
microbial interactions has received not enough atten-
tion, except interactions between hosts and pathogens
(see rev. [73]). The latter involve a recombination bet-
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ween transposon elements and sequence repeats, enco-
ding resistance proteins; via recombination events mic-
robes involved in the extensive reprogramming of plant
transcription and formation of trans-generation «me-
mory», which fixes interaction with microbes for des-
cendants [74]. Another mechanism of a plant-microbial
interrelationship is DNA methylation-demethylation,
potentially acting to prime transcriptional activation of
some resistance genes linked to transposable elements
[75]. Exposed to bacterial plants pathogen or avirulent
bacteria reveal numerous stress-induced differentially
demethylated regions associated with differentially ex-
pressed defense-related genes [76]. The epigenetic chan-
ges suggest that the epigenome may help organisms to
develop resistance to pathogens [80] and to other envi-
ronmental stressors [78]. In a similar way, endophytic
bacteria induce DNA methylation-demethylation in
plant hosts. Recently, Da et al. [79] reported the first
evidence exhibited cytosine methylation polymor-
phisms in potato plant DNA as a response to the bac-
terial endophyte Burkholderia phytofirmans PsJN. The
DNA methylation levels in different potato varieties dif-
fered and depended on their responsiveness to endo-
phyte: a highly responsive to the bacterium variety exhi-
bited a little change in the overall cytosine methylation
pattern, but a poorly-responsive variety exhibited signi-
ficantly higher levels of overall cytosine methylation
and a decrease in the number of non-methylated sites in
the bacterized plants compared to controls. In this case,
the DNA methylation level correlated with bacterial
effects on the plant host.

240

Sensing of intrinsic or extrinsic cues) gummm———— ( Physical signals

Sensing of intrinsic or extrinsic cues

Signaling small
organic molecules,

Defensive
or other effects

Population & Resource.
saving

Putative scenarios of the en-
dophytic microbiome invol-
vement in plant information
processing networks

In plant endosphere, bacteria-fungal interactions
may be relevant to epigenetic events. Fungi use the me-
chanism of histone post-translational modification to
modulate the transcription of genes involved in seconda-
ry metabolite production [80]. External epigenetic mo-
difiers may re-program biosynthetic pathways and activa-
te secondary metabolite genes resulted in the enhanced
production of secondary metabolites. In the study [81],
bacteria were shown to perform a role of epigenetic mo-
difiers in interactions with eukaryotic partners: histone
acetylation occurred during the interaction of the fun-
gus Aspergillus nidulans and the bacterium Streptomyces
rapamycinicus. In the result, the fungus activated sup-
pressed genes and produced secondary metabolites,
orsellinic acid and its derivatives, known as radical sca-
vengers. The nature of the compound, promoting his-
tone modification, is unknown yet; however, it was pro-
ven that for this action a physical contact of fungal hy-
phae with bacterial cells was obligatory.

Summarizing, I would like to refer a reader to Figu-
re, where putative scenarios of the endophytic microbio-
me involvement in the plant information processing
network is schematically displayed. It is obvious, that the
scenarios are based on scarce information available and
do not fully reflect a reality. To know more, this review
emphasizes the need to invest efforts in the study of the
processing of information under assistance of microbial
organisms as this will lead not only to intriguing disco-
veries on the level of molecular biology, quantum phy-
sics efc., but to a design of new green technologies of
plant protection and other technological breakthroughs.
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H. O. Ko3zuposcvra

IepexpecHi B3aemoii Mixk eH10}iTaMU Ta POCIHHOIO-Xa3s[THOM

y Mepexax 1H()OpPMAIiiHOTO IPOLECHHTY
Pesrome

Pocnunu eycmo naceneni npo- ma eskapiomuumu Mikpoopeamizmamu i,
omaice, A61A10Mb cOO0I0 OION02TYHY cuCmeMy HA036ULAUHOI CKAAOHO-
cmi. []a cucmema 3 00801i Henpocmumu npoyecamu KOMYHIKayii, ujo
8100Y8a0MbCS 630084 YCI€l pOCIUHU, ICHYE 011 00POOKU IHGhopmayii.
Mepeawcesa obpobka inghopmayii'y pocaun € 0CHO8010 05t MAKUX NPO-
yecie, sAK picm, 3axucm i nPUCMOCYBaHHs 00 HABKOIUUHBO2O Cepe)o-
suwa. Monexynapui Mexanimu, wo 1excams 6 OCHO8I CHPUUHAMMA,
nepeoaui, ananizy ma 30epieants eHO02eHHOI I 3068HIUHbOI IHGopMa-
yii' cepeouni pociuHu, we Hauexcums nogHicmio 3’scysamu. Acoyi-
1I08AHI 3 POCIUHOIO MIKPOOP2AHIZMU MA IXHITl BHECOK 8 0OPOOKY iHGpop-
Mayii 0ocniOHUKY yacmo ieHopyrome. Endogimu sik napmruepu pociu-
HU € HeobXIOHOW [HMeZpamueHo YacmuHoio ii cucmemu. Pisnoma-
HIMHI eHOODIMHI MIKPOOP2AHIZMU SGISAIOMb COO0I0 «HOPMATLHY» MiK-
pogopy, sika 8idigpac 6aicIUgy poib 8 IMyHImMemi poCiuH i 00nomazae
M sudicumu Y HABKOIUUHBLOMY CEpedosUyi (3axXucm, JHCULEHHS, Oe-
mokcukayis mowo). Ileeny ponv enoogimuoi mikpodiomu 6 oopodyi
inghopmayii moscna npunycmumu, 6epyuu 00 y8acu Ko-e8ouoyilo poc-
JTUHHO-MIKPOOHUX cucmem ma emnipuuni Oani. OckinbKu é nimepamypi
nouuHaoms 3 AGNAMUCA NYOAIKAYIT HA YIO MeMy, 8 NPeoCmasieHoMy
0271801 pO32NAHYMO KNI04081 pobomu 6 2any3i 63a€mMo0ii pociuH 3 eH-
dogpimamu y Konmekcmi o6pobKu iH@opmayii i UCT08IEHO OYMKY
CMOCOBHO IXHbOI NPOCHO308aHOI pOT 8 THPOPMAYIlIHIL Mepedii poc-
JIUH 30 YMOG 3aXUCIY Md NPUCMOCYBAHHS OCIMANHIX 00 3MIHEHUX YMOB
ma Hanawmy8aHHs 6i0N06IOHOI NOBEOIHKU POCTUHIL.

Knrouosi cnosa: pociuna sik cucmema, enooghimu, 06pobka ingop-
Mayii, 3axXucm pociuH, nPUCMOCYBAHHSL.

H. A. Kosviposckas

HepereCTHHe BSEHMOHCﬁCTBHH MEXAY 3H[[O(I)I/ITaMI/I n

PacTCHUCM-X035MHOM B CETAX I/IHq)OpMaI_II/IOHHOI‘O IponeccruHra

Pesrome

Pacmenusa 2ycmo nacenenvl npo- u 9yKapuoOmHbIMU MUKPOOP2AHU3-
Mamu u, makum o6pazom, npedcmasisaiom coooll GUOIOSUYECKYIO CUC-
memy upe3eblyauHol  CIodCHOCMU. Dma  cucmema ¢ OO0BOJbHO
HenpoCmblMu NPOYECCcamu KOMMYHUKAYUU, NPOXOOSUUMU 6 PACHIEHU,
cywecmeyem 0 obpabomku ungopmayuu. Cemeesasi 0bpabomra uH-
Gopmayuu 'y pacmenuii caydcum 0CHOBOU Ol MAKUX NPOYECccos, KAk
pocm, 3awuma u npucnocoonenue Kk okpyacaiowel cpeoe. Monexynsap-
Hble MEXAHUBMbL, Jledcawjue 8 OCHOGe 60CNPUAMUSL, Nepeoayl, aHAIU3d
U COXpaHeHUs SHOO2EHHOU U 6HeulHel UHGOPMAYUY BHYMPU PACMEHUS,
ewe npedcmoum GulACHUMb. Accoyuuposanmvie ¢ pacmenuem MuKpo-
OP2aHU3MbL U UX 8KILAO 8 06PAbOMKY UHpOpMayuU UccIed08ameny yac-
mo uenopupylom. SHO0umul Kax napmuepvl pacmeHuti A6IAI0mcs
HeoOX00UMOTl UHMe2PAMUBHOLL Yacmblo ee cucmembl. Pasnoobpasuvie
IHOOUMIHBIE MUKDPOOP2AHUBMbL — DIMO «HOPMATLHASY MUKPOPDIOPA,
BLINONHAIOWASL BAJICHYIO POb 68 UMMYHUMeEme pAcmerull U noMo2aio-
Was um 8blHCUMb 8 OKpYAHcalowell cpede (3auuma, numaniue, OemoKcu-
Kayua u op.). Onpedenennyio ponsb 3HO0GUMHOU MUKpoOUOmyl 8 06pa-
bomxe UHGOPMAYMM MOHCHO NPEONOIOHCUNb, NPUHAE B0 SHUMANUE
KO-260I0YUI0 PACMUMENbHO-MUKPOOHBIX CUCTEM, d MAKdIce dIMIUPU-
ueckue dannvle. [10CKoNbKY 6 tumepamype Ha4uHaom noAGIAMsCsl nyo-
JUKAYUU HA INY MEMY, 8 NPEOCABIEHHOM 0030pe pACCMOMPENbL K-
uegble pabomvl 6 0O1ACMU 83AUMOOCUCMBUS PACTEeHUll ¢ SHOODUma-
MU 8 KoHmexcme 0opabomxu UHGOPMaAYUY U U3L0AHCEHO MHEHUe 00 Ux

npo2HO3UPYeMOll pOIU 6 UHPOPMAYUOHHOTL Cemu pacheHull 8 YClo6u-
AX 3aWUMsl U NPOCNOCOONEHUA NOCTEOHUX K USMEHEHHBIM YCI0BUAM U
Hacmpolike coomeemcmeayoue2o noeeoeHUs pacneHus.

Knrouegvie cnosa: pacmenue kak cucmema, 310ogumot, 06padom-
Ka ungopmayuu, 3awuma pacmenutl, npucnocooenue.
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Glossary of Terms

e Endophytosphere — a plant interior.

e Epigenetic processes — heritable changes in gene expression that occur without
changes in the DNA sequence.

e Interactome — in molecular biology, the whole molecular interactions that take
place in an organism; in microbial ecology, the system of interactions between
microbial organisms within the microbiome, as well as between the microbiome
and the environment.

e Metabolome — the pool of small-molecule metabolites present in a biological cell,
tissue, organ or organism as the end-products of cellular processes under
specific physiological state.

e Metagenomic analysis — access to the genetic blueprint of communities of
organisms via an array of genomic and bioinformatics tools.

e Microbe-associated molecular pattern (MAMP) — structurally conserved patterns
that are specific for a taxonomic group of microbes and initiate immune
responses in a counterpart (lipopolysaccharides, nucleic acids, flagellin,
peptidoglucans etc.). In plants, MAMPs are usually perceived by cell surface
pattern-recognition receptors.

e Microbiome — the totality of microbial organisms, occupying certain econiche.

e Pattern recognition receptor — host proteins that recognize MAMPs. These
receptors are membrane-bound proteins, typically represented by two
component receptor kinases.

e Persistence — a phenomenon of saving a species under unfavorable conditions by
forming non-dividing cell sub-populations.

¢ Persisters — a small fraction of microbial cells in a dormant state that
phenotypically differ from other cells in the population. Persisters have VBNC
characteristics.

e Quorum sensing — a mechanism that regulates gene expression in response to
cell density in microbial populations. Small diffusible molecules (N-acyl-
homoserine lactones, — quinolones and unsaturated fatty acids, linear and cyclic
pep- tides etc.) play a role of regulators in QS (see rev. [82]).

e Synchronization — a characteristics of material objects to establish integrated
rhythm of joint action in the specific network of signals, and so far this may
coordinate events to operate a system in unison (I. Blekhman, [83]).

e The aloplast — the space outside cells within plant tissue.

e The apoplast — the extracellular compartment within plant wall.

¢ Toxin-antitoxin systems — small genetic elements found on plasmids or
chromosomes of bacteria, archaea, and unicellular fungi. Typically, TA consists
of two genes in one operon, encoding a stable toxin that disrupts an essential
cellular process, and a labile antitoxin that neutralizes toxicity by binding to the
protein or to the mRNA of the toxin under normal growth conditions.

e Two-component system, TCS — a sensor kinase that responds to specific signals
and a cognate response regulator.

e VBNC (viable but not culturable) — resting, non-dividing microorganisms
(bacteria, fungi) that require the removal or addition of certain factors to
renitiate growth; they are not detectable by cultural methods.



