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Microbiome: the newdefiniton

Berg et al. Microbiome (2020) 8:103

Microbiome

https://doi.org/10.1186/540168-020-00875-0 M | CrOb | ome
COMMENTARY Open Access / \
Microbiome definition re-visited: old Microbiota | 4= “Theatre of activity”

concepts and new challenges
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Themicrobiomevs. the microbiota

The microbiome is defined as a characteristic microbial community
occupying a reasonable, well defined habitat which has distinct physio-
chemical properties. The microbiome not only refers to the microorganisms
involved but also encompass their theatre of activity, which results in the
formation of specific ecological niches. The microbiome, which forms a
dynamic and interactive micro-ecosystem prone to change in time and scale,
is integrated in macro-ecosystems including eukaryotic hosts, and here
crucial for their functioning and health.

The microbiota consists of the assembly of microorganisms belonging to
different kingdoms (Prokaryotes [Bacteria, Archaea], Eukaryotes [e.g.
Protozoa, Fungi, Algae]), while “their theatre of activity” includes microbial
structures, metabolites, mobile genetic elements (e.g. transposons, phages,
viruses) as well as relic 816 DNA embedded in the environmental conditions of
the habitat.

- MICROBIOME DEFINITION -
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Microbes are everywhere

in the food system A Microbes likebacteria yeasts and other
fungi, occureverywherein the food system.
A Communities ofmicrobesare essentialin
plant, animal, human andenvironmental
health, with aconsequentimpact interms of
crop and livestock productivity, foodquality
and safety aswell as for food waste
decompositionandrecyclingprocesses
A Thecompositionof microbecommunities
i S differ acrossthe food system,dependingon
" = = the environmentalconditions.
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Sollmicrobesunderpinfood quality and security

A Soilis a complexand dynamicbiologicalsystem

he foundation .. ) i
tof numnon A Soilis essentiaffor the maintenanceof

biodiversityaboveandbelowground

A Soilgovernsplant productivity of terrestrial
ecosystemandit maintainsbiogeochemical
cycles

A Soiliswherefood begins 95% ofall food comes
from the soll

A Soilis fundamentalto crop production

e :. A Soilwould be moreresilient, and farmersvould
e Healthy 50‘15 for a healthy life be lessdependenton toxic pesticidesand
chemicalfertilizers
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Simplifiedschematicof soil horizonand soll
macro- and microaggregates

A Soilscangenerallybe viewedasa complexthree-
dimensionaktructure consistingof packed
aggregatesndpore spaces

AAggregatesompriseclusters ofmineralparticlesand
organic carbon

AThearchitectureof aparticularsoilinfluences

Microaggregate

Interactionsbetweenplants microbes and thesoill B scnmne L e

matrix S Microbes P o maverbinderand
A H . H Mycorrhizal fungal lyphae

Theporosityand connectivityof aggregatesre -

iInfluencedby thediversityof bacteriaand fungi

p rese ntd u rl n g fo rm atl O n Wiliiszeskiet al. Aiilied ancEnvironmentalMicrobioIoiI\]ul 2019,85 ‘14| €00324-19
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Embracinghe unknown: disentanglingthe complexities

A Soilis not a singleenvironment instead
soilencompassea broadrange of
different microbialhabitats

A Thesdnclude therhizosphergsoilin
closeproximityto plantroots; parta),
surfacelayersthat are exposedo light
(part b; the photic zone),soilassociated
with earthwormburrows(the _
drilosphere partc), andsoilfoundin
preferentialwater flow paths including
cracks in thesoil (part dg).

A Onegramof healthysoilusually
containsa microbiomecomprisingmany

) millionsof microbes includingarchaea

haeen bacteriaand fungi.

Fierer, 2017. Nature Microbiol. doi:10.1038/nrmicro.2017.87 Niaitiire Rivissis | Microbialagy

O herizon

B horizon
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The worldbeneathour feet

AThewealth of biodiversitybelow groundis vast
and unappreciated millionsof microorganisms oo
live andreproducein afew gramsof topsoil, an | =" j)

* Selection

Bacteria
in 1 gram of sail:
* ca. 10 calls

Ablotic habitat J

Bacterial

ecosystenessentialor life onearth o e | \oc250000speces” ) function in soil
. . . . . * Dispersa * Biogeachemical nutrient eycles (C, M, P)
A Soilmicroorganismglay anessentiakole in Nl - Ecooysemservices

s Biotechnology

ecosystenfunctioning decomposingprganic
matter, indeterminingthe release ofmineral
nutrients, and innutrient cycling

A Changesn soil microbialcommunitymay
direCtIy affeCt SO” ecosyStemunCtion Modified from JohannesSikorski SOIL ORGANISMS 2015
particularlycarbon andhitrogencycling

Biotic * Eukaryotic microorganisms
interactions  * animals

* plants
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N, fixation, Reduced nitrogen
fermentation and Non-methane VOCs (N,O, NO,,N,)
methanogenesis 2

H, oxidation CH,*oxidation Carbon fixation VOC consumption szlxatlon
NO/ NZO
_ Respiration and Denitrification and oxidation
Methanogenesis fermentation VOCproduction nitrification
Insoluble Soluble HZO 0,> Fe3 SI\,/IFeZZ oLr%gIrL?c I%gflg(;;:?n t Organ Inorganic
phosphorus phosphorus Mn* NOy NS carbon carbon nitrogen Nitrogen
4

Fierer,2017. NatureMicrobiol doi:10.1038/nrmicro.2017.87

AThemicrobialbiomassconsistanostly of bacteriaand fungiwhichdecomposecropresidues
and organianatter in soil. Thisprocesseleasequtrients, suchasnitrogen(N), sulfur(S and,
to alesserextent, phosphate(P) into the soilthat are availablefor plant uptake
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Microbial interaction

Microbialinteractionsvisualizedthrough microbialco-
occurrencenetworks.

MECHANISMS OF INTERACTIONS

a Microbialinteractions areinfluencedby environmentalfactors and areseparated
into positive, neutral, and negative interactionsypes.

b Microbialco-occurrenceand co exclusionnetworks helpvisualizingmicrobial
interactions. Insuchnetworks, nodesusuallyrepresenttaxa of microorganisms and
edgesrepresentstatistically significantassociationsbetween nodes. Greeredges
usuallystay for positive interactionswhile red edgesvisualizenegative interactions
between the microorganisms

cTestingof the hypothesesresulted from the network analysesin relevant model
systemsis requiredfor acomprehensivestudy of microbialinteractions

MICROBIAL CO-OCCURENCE
NETWORK

IN VITRO
MODELLING

Environmental factors
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SR >seng Direct interaction
Horizontal gene transfer
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Soilmicrobes networking
-]
B p, Sl . .
Wm?i;s*tes . Belowground Microbiota and the
¥ < p; Health of Tree Crops
e e Jestis Mercado-Blanco, Isabel Abrantes?, Anna Barra Caracciolo?,
> Al Mite parasific bacteria Annamaria Bevivino*, Aurelio Ciancio®, Paola Grenni®, Katarzyna Hrynkiewicz®,
% o ‘*‘E'T; il LaszI6 Kredics’ and Diogo N. Proenca®
,d‘ B 2 \')"‘A‘ < Insect pardikic bacteria
=i f"”li"“._\"\ A“—-‘;LI «e;%vy tic fungi
"'&“bf!!- £ "‘( ‘/ P " Insecgiectors ndoj c fun -
< ?;%‘%‘OI’V@A\A‘;@%“ — - "I Arrows show negative
.'ﬂ N ‘.‘; 4 Phytophthora, dustic pathogens — .
PHISREANGDS S h I A " effects (A) suchas predation,
S xaa b s, Other ) A1 dilete Py A .y . .
e/ antag@istic bagtert I\ mairesaens parasitism, pathogenicity
ﬁih gous mites \ g @\ .y .
Nl . or (B)positive links,suchas
B. fi OH . . .
o growth promotion, symbiosisor
alimentary provision.

A simplified food webdescribingmain soil componentsandtheir relationships Thenodesare classifiedby roles as: primary
root (dark green)beneficialsoil components organismsor promoters,includingsoil factors (blue),decomposers(brown),
pathogens(orange) andbiocontrolagents orantagonists(pale green).
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A Thehealthiestsoilsarethosewith adiversityandabundanceof life

A The use obeneficialmicrobesrepresentsa promisingtool that mayrespondto the challenges for
modernagriculture
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Root secretions benefit
plants directly: organic

B U | k SOIl VS . rhIZOSphere Root secre[tions change with

root age: Simple organic acids,

A In 1904, LorenHiltnerfirst coinedthe term then . smplex phsndiics gl eyl
"rhizospheré to describethe plant-root interface — |
Plant root secretions oo e
A Therhizospheresthe areaarounda plantroot that s
Isinhabitedby auniquepopulationof environment:  they are
microorganismsnfluencedby thechemicals el e
or suppress beneficial or
releasedfrom plantroots harmful microbes.

Damage e plant through
infaction or production of
-~ phytotoxic compounds.

A Thiscomplexplant-associatednicrobial
community,alsoreferredto asthe secondyenome

of the plant, is crucialfor plant health. - YU - vy

&ﬂﬂbx
%bmj TRERDE 7= Fars Saanca.
Rhizosphere soil compared to bulk soil: up
to 40% of plant carbon photosynthates are secreted

into soil via roots, so there can be abundant food for
microbes and fungi here compared to bulk soil.

REVIEW ARTICLE

The rhizosphere microbiome: significance of plant beneficial,
plant pathogenic, and human pathogenic microorganisms

Rodrigo Mendes’, Paolina Garbeva® & Jos M. Raaijmakers>

'Laboratory of Environmental Microbiology, Embrapa Environment, Jaguariuna, Brazil; 2Netherlands Institute of Ecology, Royal Dutch Academy of
Arts & Sciences (NIOO-KNAW), Wageningen, The Netherlands; and 3Laboratory of Phytopathology, Bacterial Ecology & Genomics, Wageningen
University, Wageningen, The Netherlands
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Therhizosphere

A The rhizosphereis a dynamicregiongovernedby complexinteractions between plants and the
organismsthat are incloseassociationwith the root.

Therhizosphereincludesthree zoneswhich are defined basedon their relative proximity to the root

o T

Endorhizosphere includes
portions of
the cortexandendodermis

A Rhizoplane themedialzone
directly adjacentto the root
iIncludingthe root epidermis
and mucilage

Vascular

A Ectorhizospherewhich extends Tissue
from the rhizoplaneout into
the bulksaoill

£
$ /] i LEN
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Bulksoll vs.rhizosphere

‘i~ = Bacteria

_:L\ = Filamentous

fungi
= “ = protozoa

A The bulksoil microbial
community is the seedbank
for the plant root-
associatedmicrobiota.

A Rhizosphere community
has greater microbial
biomass and activity
compared with that in bulk
soil.

/

Microbesare recruitedfrom the bulksoil to the rhizosphereby root
exudates whichincludeprimary metabolites mainly responsiblefor
attraction and secondarymetabolites mainly responsiblefor
screening therecruited microbes

R e
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*. Plant species Soiltype‘ A The asse_ml_oly of thehizpspherer_nicrol_:)iotais gove_rn_ed
[ by the abiotic factors, soil properties, climate, andbiotic
\ / factors of plant species biotic interactions andagricultural
management.

Biotic ' _ Agricultural
interactions practices
!\ / f \ &
s =y

Pant diversity Cllmate
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Therhizospheremicrobiome the function

Flant diversity .
Praecipitation P Light
~
i :?Tg?nlg E:f Improvemeant
patiioes < i A Schematioverviewof the functionsand impact of

e

plantbeneficialo Wi K S plangpatRogehi®d Wi K S
badQ 0 > oppoyfuristichumanpathogensd Wi K S
on thehostplant

practices ™,

Above-ground

= Plant growth

Rhizosphera promotion
= Efficient
Plant nutrient
parasitic ul
microbes * Abiofic stress
tolerance
* Disease
resistance

[14]

e.q.
Meloidogyne spp. ‘s
Heterodera spp.
Fusariurm spp. \4,__\
- @ Plant beneficial ¢,
Opportunistic ol
i Bacillus spp.

microbes Pseudomonas spp.

L Trichoderma spp - : N
Sail factors effecting E‘ﬁ%"ﬂ “’“:EG"U"}S Myconhizal tungl Ali et al. (2017) Th&ood the Bad, and theUgly of RhizosphereMicrobiome. In: Kumar V.,
SRncinphanionss 0o ?&m&’“mﬁf‘f‘i;ﬂ: Sdpias ey Kumar M.,SharmaS.,PrasadR. ds) Probioticsand Plant Health. Springer, Singapore.
Ochrobactrum spp. pom’sity IIasm»:i nutrients '

Aspergillus spp.
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o ® <4— @ AIR MICROBIOME
@

® PHYLLOSPHERE MICROBIOME

o
4 ENDPPHYTIC MICROBIOME
within roots, stems, leaves,
seeds, pollen

o/AE\
RHIZOSPHERE MICROBIOME

osAm\
SOIL MICROBIOME

Uwe Stroeher ThePlantmicrobiome AustralianAgronomista I 3 I Is $pyin§ 2009

T he UifcloliameN ¢ adescribeglasthe
sum total of the genomiccontribution made by
the diversemicrobialcommunitiesthat inhabit
the surfaceandinternal tissuesof the plant
parts.
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The Concept Of Ho|obiont» A In the ecologicalperspective the plant holobiontand

not the plant asanindividual is now known to respond
» 3. PHYLLOSPHERE to the variousbiotic and abioticperturbationsin agiven
environment
A Plant-associatedmicrobiomeis important for plant
growth, health and stresgesilience

@
(Gosmamssi H ONE HEALTH
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P 1
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1. BULK SOIL 2. ENDOSPHERE

R % Vs vy 7
\‘\,‘ h '\\\ - - ,/" \ /
_ — ﬁ

2. RHIZOSPHERE |2 ] Q

Based on: Gopal M and Gupta A (2016) Front. Microbiol. 7:1971. doi: 10.3389/fmich.2016.01971 T h e O ne : e alth conce pt
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Precisionagriculture& personalisedmedicine

Broad-band applications

A The us-e of Dietary change - Bi“mumﬁ / Soil manaEEment A The use of
microbiomebased FMT environmental s i beneficial
theraples microblome * ompiex communities m|cr0bes

3
repre_sentsa Microbiota- based products -+ B Single inoculants repre_sentsa
promisingtool that ' /N s promisingtool that

mayrespondto Precision medicine
the challenges for '
translational
medicine

Precision agriculture may respondto
| the challenges for
modernagriculture

Precision treatments
e
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How canrestore the sustainabilityof agriculturalsystems ?

Soilorganismsare anintegralcomponent ofecosystemsbut their activitiesreceivelittle recognitionin agricultural
managemenstrategies

A Stimulatingsoil life andinternallyregulatedecosystenporcesses
A Enhanceand maintainthe soil biodiversityandfunction

A Inoculationwith key microbiotamembers

A Targetedmanipulationsof soil organisms
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SOIImlcrOblomeasa SOlutlon X Plant phenotype

.qb 4[> Environmental
LA \

factors

A Understanding soil-root v

microbiome diversity and function
to uncovernovel microbesthat can — Kggeulusalinanagement
be usedas biofertilisers and
biopesticides

A Promoting cropt microbe ‘ﬁ- M )
associationsthrough the ﬂﬁi ﬂ{\

developmentand optimisation of
m icro blal I nocu la Soil characteristics

b
root exudates

Plant genotype
Plant domestication

Microbial application ——

Y il

A Enhancingbeneficial soil
microbiome diversity and function
through optimising soil management

methods Compantet al., 2019JAdvRes 19:287

Abundance, diversity, functionality, and colonization of
microorganisms in above- and below-ground plant organs
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Microbiome engineering

Atargeted solil biologicalengineeringapproachto improving ecosystem
functioningand services

i OPINION
? frontlers . published: 04 December 2018
in Plant Science doi: 10.3389/fpls.2018.01801

Microbialstrains with verified

function can becombinedinto
Impl nthetic microbiom

> ?esy J; etf crob (|) d €S Microbial Consortia: Promising

con f_immg EW 10 Sseveraldozen Probiotics as Plant Biostimulants for

speciesand use topromote plan Sustainable Agriculture

health andimprove soll fertility Shercan . W and Ol e’

" Department of Pharmacy, University of Naples Federico Il, Naples, Italy,  National Research Council, Institute for
Sustainable Plant Protection, Portici, Italy, 3 Task Force on Microbiome Studies, University of Naples Federico Il, Naples, Italy,
* Department of Agricultural Sciences, University of Naples Federico I, Portici, Italy, ®* CIRAM-Interdepartmental Center for
Environmental Research, University of Naples Federico Il, Naples, Italy
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Targetedand untargeted management ofsoil microbial diversity

Sustainable

. soil management /———“ huLTapnmhv:::lh
AThedevelopmentof high e - B
throughputtechnologies . - PP\

organoleptic properties

appliedto the study ofsoill ol
microbialfunctional
diversitywill help

strengthenthe linkbetween

sollwell-being foodquality, e A NG |

- crop rotation

ation as biofertilizers,

s, biostimulant %%
5 w
oF
s
uman inhibition

L ::I'IPPD\";'G it
f d f t d h I ' l - minimum tillage with residue uman nea
OO Sa e yan u an f':;':::.,anu,e microbial diversity and

h e alth . PGPM abunIance

Genetit_: divt_ersity oMICS Functional ,:!i\rersity
- Nucleic acid Cleats - Enzymomic
high-throughput - Metaproteomic
sequencing - Metabolomic
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Microbial consortia forsustainablecrop systems

AMicrobialconsortiahavea higherpotential to increaseplant growth-promoting (PGPeffects
comparedto singleinoculants

o R

QNSOrt,

Interkingdom Interaction

Microbialconsortia»indicatesnot only livingtogetherbut also
Adivisionof laboramongmembersto increasecommunityefficiencyand productivity

Ainteractionsbetweenmembersat variousscalef time andspace(physicakontact,
chemicalsignalingand metabolicexchangé
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Microbiome-basedsolutionsin SIMBA project

Seaweedextracts Plantderivedprotein hydrolysate

7KLY SURMHFW KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQYV +RUL]JRQ L@&lm&%DQG L% YDWLRQ SURJUDPPH XQGHU

PEDje6Ts ko Fb o vV SIMDEEroject.eu

grant agreement 1R 6,0%% 7KLV RXWSXW UHIOHFWY RQO\ WKH DXWKRUfV YLHZ DQ
responsible for any use that may be made of the information contained therein.




