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MikpoBiwua Kal uUTA

» H TraykOéouia €peuva yia TO MIKPORBiwpa Twv QUTWV £Xxel BonBnocel otnv KAtavonory Twv TTOAUTTAOKWYV

AAANAETTIOPACEWY PJETACU QUTWV KAl MIKPOOPYAVIOHUWV.

»  OI MIKPOBIOKES KOIVOTNTEC ETTNPEACOUV TNV UYEIQ, TNV QVATITUSN KAl TNV AVOEKTIKOTATA TWV QUTWV.

= [eveTIKOIi, BlOoXNMIKOI KOl JETAPBOAIKOI TTOPAYOVTEC KOBOPI(OUV TA EUEPYETIKA XOPAKTNPIOTIKA TWV PIKPOOPYAVIOUWV

TToU oXeTidovTal JE TA QUTA.

H Katavonan autwy TwV JNXAVIOUWY avoiyel VEOUG OPOPOUG YIA KAIVOTOUEG EQAPOYEC OTN YEWPYiA.

[w¢ ta TeAsutaia €pPEUVNTIKA EUPNUATA OXETIKA UE WIKOORBiwua Twv QUTWV
UTTOPOUV va CUVEIOQEPOUV TNV avatTTuén VEWV 1) TTIO TTPONYUEVWY EQAPLIOYWV.



Ti gival To MikpoIwua ;

Tnv TeAeuTaia dekaeTia, TTANBOC PEAETWY ATTOKAAUWAV TTOAUTTAOKEG Kal IDIAITEPA dIAPOPOTTOINMEVEC MIKPOPBIOKES

KOIVOTNTEG TTOU OUVOELOVTal JE Diagopa €idn QUTWYV Kal PE €10IKA QUTIKA Opyava (pilec, UAAaA, BAaoToi, OTTOPOI).

AUTEC O JIKPOBIAKEC KOIVOTNTEC ATTOTEAOUV BACIKO TURMA TOU PUTIKOU oAoBiwuartog (plant holobiont), dnAadr Tou

EVIAiou BIOAOYIKOU CUOTAMATOC TTOU TTEPIAAUPBAVEI TO QUTO KAl TOUG CUMBIWTIKOUC TOU JIKPOOPYAVIOHUOUC.

To MIKpOoBIaKO auTd oUVOAO ava@EpETal ETTIONG WG:
o QuTIKn MIKpoBlakn KoivoTnTa (plant microbiota) — TTepIAapBAveEl GAOUC TOUC NIKPOOPYAVIOUOUC

o PuTIKO pIKpoBiwpa (plant microbiome) — TrepIAapBavel OAa Ta PIKpoRIakd yovIdlwpaTa

To pikpoBiwpa eykaBioTaral o€ TPEIS KUPIEG (WVEG:
o Piléopaipa — TTEPIOXN TOU £€DAPOUC TTOU ETTNPEACETAI ATTO TIC PICEC
o DPUANGOQaIpa — UTTEPYEIO JEPN TOU QPUTOU, KUPIWG Ol ETTIPAVEIEC TWV QUAAWV

o EvOOO®aIpa — £0WTEPIKOI QPUTIKOI I0TOI
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Compant, S., Samad, A., Faist, H., & Sessitsch, A. (2019). A review on the plant microbiome: Ecology, functions, and emerging trends in microbial application. Journal of Advanced Research, 19, 29-37.



MikpoBiwpa Twv Putwyv (1)

Kupio pikpoBiwpa (Core microbiome)
» [lepIAapBavel PIKPOOPYAVIOUOUG TTOU OUVOEOVTAl OTABEPA ME €va OUYKEKPIMEVO €i0OC 1 yOVOTUTIO PUTOU,
avecapTNTa aTTo TO £0APOC N TIC TTEPIBAANOVTIKEC CUVONKEC.
= AtroteAcital atrd “Kevipikd” | “Bepehiwdn” taxa, Ta otroia:
= £YOUV KOBOPIOTIKN onuaacia yia Tn guaoioAoyia Kal Tn yovigotnta Tou QuToU,
" JIATNPEOUVTAIl HEOW ECENIKTIKWV UNXAVIOUWY ETTIAOYAG KAl EUTTAOUTIONOU HIKPORiwY ME yovidla atrapaitnTa yia

TNV ETMIRiWON TOU HIKPORIWMATOGC.

[Mapadciyuara:
» [larara (Solanum tuberosum): Bradyrhizobium, Sphingobium, Microvirga
= Autrehi (Vitis vinifera): Pseudomonadaceae, Micrococcaceae, Hyphomicrobiaceae

» Pud (Oryza sativa): Deltaproteobacteria, Alphaproteobacteria, Actinobacteria



Emitreda Tng TaIvOUIKAG 1EpapXiag — TagIvVOMIKES BaOpideg (taxon/taxa)

Domain (Domains)

Order (Orders)

Genus (Genera)
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MikpoBiwpa Twv Gutwyv (2)

Aopuopikd pikpoBiwpa (Satellite microbiome)

» [lepiAapBavel otravia i XaunAng agooviag pIKpoRIoKa taxa TTou atravTwvTal O€ TTEPIOPICHEVEC YEWYPOAPIKEC 1)

TTEPIBAANOVTIKES {WVEG.
OpilovTal ye Baon:
« [ewypagikn e€amrAwon,
« Totmkn agBOovia,
» ECe1dikeuan OIKOTOTTOU.
*Av kai Aiyotepo agbova, autd Ta taxa:
* E€XOUV KPIOIPOo AEITOUPYIKO POAO, OUXVA duCAVAAOYO HE TNV agBovia Toug
* TTAPAYOUV QVTIMUKNTIOKEG TITNTIKEG EVWOEIG TTOU TTPOCTATEUOUV TO PUTO
* QTTOTPETTOUV TNV €I0BOAR TTaBoyOvVwWY HIKPORiwv 0To £00¢POC

* OUMBAAAOUV OTNV QVOEKTIKOTNTA KAl TTOPAYWYIKOTNTA TOU (pUTOU.



Pi{Ika €€10pwpaTa Kol AAANAETTIOPACEIC PUTWV-HIKPORIWV

Ta eCidpwpara pilwv (Root exudates) armoreAouv T XNMIKA YAWOOA ETTIKOIVWVIOGC METACU @QUTWV  Kal

MIKPOOPYQAVIC WV

[MepiIAauBdavouv cakxapa, auIvogEa, opyavika ogEa Kal OEUTEPOYEVEIC UETARBOAITEC.

PubBuidouv Tn ouoTaon Kal TN CUUTTEPIPOPA TOU PIKPORBIWPATOS TNG PICOOPAIPAC:
o [N1pooeAKUOUV WEPEAIUQ MIKPOBIa

o ATwBouv Ta TTaboyova JHECW AVTIMIKPORBIAKWY EVUITEWV.

H xnuIKA TOuC oUvBeon MEeTABAAAETOI avAAoya pE TO €i0OC TOU QUTOU, TO QAVOTITUCIOKO OTADIO Kal TIG

TTEPIBAANOVTIKEC TUVONKES

Mopia TTou ekkpivovTal ETTIAEKTIKA aTTO TIG Pilec (eCidpwuaTa pilwv) dlauop@wvouv Kal puBuidouv
TN OUVBEON TOU HIKPORBIWHATOG, TTIPOCEAKUOVTAC N ATTWOWVTAC OUYKEKPIUMEVOUC UMIKPOOPYAVIOUOUC




Role of Root Exudates on the Recruitment of Rhizosphere
Bacteria to Improve Nutrient Acquisition
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Yusuf, A,, Li, M., Zhang, S.-Y., Odedishemi-Ajibade, F., Luo, R.-F., Wu, Y.-X., Zhang, T.-T., Ugya, A. Y., Zhang, Y., & Duan, S. (2025). Harnessing plant—microbe interactions: Strategies for enhancing
resilience and nutrient acquisition for sustainable agriculture. Frontiers in Plant Science, 16, 1503730.



Pi{Ika €€10pwpaTa Kol AAANAETTIOPACEIC PUTWV-HIKPORIWV

20UKPO(N — €VEPYOTTOIEI ONUATODOTIKA MOVOTIATIA YIA KIVATIKOTNTA KAl aXNUaTIouo BiopepBpavwy (biofilms)

['AuKO{n — TTPOAYElI TOV BAKTNPIOKO ATTOIKIOHO 0T PICO0PAIPA TOU KAAQUTTOKIOU

lvOOITOAN — €vioxUel xNUEIOTACia, oXNUATIONO BIOPENBPAvVWY Kal TTapaywyn o1dnpo@opwy, dIEUKOAUVOVTAC TNV

EYKATAOTAON WPEAIIWYV HIKPORBIWV.

®AaBovocidr) — Kpiolua yia TNV TTIPocéAkuon BakTnpiwv Tou deopelouv alwto (11X Gluconacetobacter

diazotrophicus)

DaIvoAIKEC EVWOEIC Kal Koupapiveg — Evioxuouv Tnv Guuva évavti TTaBoyovwy Kal dpouv wg TyES avBpaka yia

WQPEAIJOUC MIKPOOPYAVIOWOUG

[TNTIKEC OpyaVIKEG EvWOoelg — Oplopéva TEPTTEVIA avaoTEAAOUV TTABOYOVA Kal TTIPOCEAKUOUV WQPEANINA HIKPOBIa



OI1koAOYIKN) onuacia Kol KUPIEG AEITOUPYIES

» Ta ecidpwuata pilwv AsiIToupyouv wEG TINYES

EVEPYEIOC KOl  ONUATATOOOTIKA TTOU

uopla
eTTNPEAlOUV TNV MIKPOBIAKK EVEPYOTNTA

»  AvTaTrokpivovTal QUVOMIKA OTIC TTEPIBAAAOVTIKEC
OUVONKEC:
2 € ENNEIYN OPETTTIKWV — EKKPION OPYAVIKWYV
OCEWV YIa KIVNTOTTOINGTN OTOIXEIWV.
" 2¢ ¢npacia | aAatdétnTa  —  TTApPAywyn
EVWOEWV

TTOU  OTPATOAOYOUV

MIKPORBIa
QVOEKTIKA OTO OTPEC
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9 Recruitment of stress-resistant microbiome

Trivedi,

Pankaj et al.

Altered root exudation

“Plant-microbiome interactions: from community assembly to plant

health.” Nature reviews. Microbiology vol. 18,11 (2020): 607-621.



Root-derived
metabolite

Examples

Signaling or substrate functions

References

Coumarin

Isoflavonoids

Benzoxazinoids

Phytoalexin

Flavones

Triterpenes

Fatty acids

Amino acids

Sugars

Sugar alcohols

Volatiles

Phenolics

Scopoletin

Daidzein, genistein

Indole-3-glycerol-phosphate

Camalexin

Apigenin, luteolin

Thalainin, thalianyl

2-Methylbutyric,
palmitic acid

Tryptophan,

histidine, arginine

Sucrose,
polysaccharides, glucose

Inositol

Terpenes, ketones

Fraxetin, scopoletin

Iron deficiency, recruitment of iron-
reducing bacteria

Regulation of nodule factors

Trigger colonization of plant growth-
promoting rhizobacteria

Stimulate plant growth-promoting rhizobacteria

Enrich Oxalobacteraceae under nitrogen deprivation

Carbon source for bacterial proliferation

Enhance bacterial recruitment under salinity stress
Chemotaxis to plant growth-promoting bacteria
Motility, colonization, biofilm formation signals
Flagellar development, chemotaxis,

biofilm formation

Act as nutrients, info-chemicals for chemotaxis

Selective antimicrobial effects on microbial strains

(Patzner et al., 2020; Stassen et al., 2021)

(Wu et al., 2024)

(Zhang et al,, 2017)

(Eswar et al., 2021)

(Kumar and Pandey, 2013; Medina and

Kutuzova, 2022)
(Zhou et al., 2012; Hardoim et al., 2015a)

(Marin et al., 2021)

(Chen and Liu, 2024)

(Richter et al., 2023)

(Peters et al., 2010; Xue et al., 2021)

(Lin et al., 2021)

(Ecevit et al., 2022)




NMapdayovTteg TTOU £1TNPEAJOUV TO MIKPORiwHa

I |
Factors Influencing
Rhizosphere
Biotic Factors

- Plant species

» Soil microbiota

» Plant defense

mechanism
- Pathogen
« Plant development
stages
- 00
: L L
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- Fertilizers

» Climate condition ( : ] : ) ( : ( Primary
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+ Moisture » Nod gene inducers :

- Nutrients availability : Stimglated - Attract ~ SUppress seed = Actas nurent

- Soil type . germination for plant growth

L ) p mycorrhizal spore entomopathoge ; i
. : = Interacts with promoting
Repellant for nic nematodes .




NMapdayovTteg TTOU £TTNPEAJOUV TO MIKPORIWMA

» [eVETIKN TTOIKIAOTNTA TOU PUTOU-EEVIOTN

Single-Nucleotide — To €ido¢ Tou PUTOU KaBopilel Tn cuoTaoN

Polymorphism

TWV MIKPORBIOKWY KOIVOTATWV.
— AIAQOPETIKEC TTOIKINIEC TOU idloU UTOU (TT.X.
pudioU) @IAOCEVOUV dIAPOPETIKOUG

TTANBUCOUC BaKTNPIWVY

94N30N.J3}S 2WOoIqO.IDIN

Cernava, T. Coming of age for Microbiome gene breeding in
- plants. Nat Commun 15, 6623 (2024



NMNapdayovTteg TTOU £TTNPEACOUV TO HIKPORBIWHA

CEVETIKA TTOIKIAOTNTA TOU (PUTOU-EEVIOTI)

— To €ido¢ Tou PUTOU KaBopilel TN cUOTACN TWV MIKPOBIOKWY KOIVOTATWV.

— AIAQOPETIKEC TTOIKIAIEG TOU idIOU PUTOU (TT.X. PpUlIoU) PIAOEEVOUV DIAPOPETIKOUC TTANBUCHOUC BAKTNPIWV
HAIKia, avatrTuglakd oTddio Kal pUOIOAOYIK KAOTACTACN

— H ouoTtaon Tou pIKpoBIwpaToG JETABAAAETAI OUVANIKG KABWC TO QUTO AvaTITUCCETAI ) upioTaTal
TTEPIBAANOVTIKO OTPEG.

MepiBaAAovTiKoi (aB10TIKOI) TTOPAYOVTEG

— To €0ago¢, TO KAiA, N yewypagikr) 6€on kai n TToioTNTA Tou £dAPOUC TTNPEACOUV KOBOPIOTIKA TN YIKPORBIAKN
TTOIKIAOTNTAL.

— To 0TpeG (¢npacia / aAatoTnTa) UTTOPEI va weeANoel duvnTIKA TTaBoyova PakTrpla Kal va aAAACEl TN MIKPORBIaKNA
|IOOPPOTTIA.

BioTikoi TTApAyoVvTEG

— O1 AAANAETTIOPACEIC HETACU MIKPOOPYAVIOHWY, TTaBoyovwy, (WwV Tou £dagouc Kal Iaviwy dIaNopPWVoUV TN

MIKPOBIaKN KOIVOTNTA.
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Benefit

Abiotic
stress
tolerance

Nutrient
absorption

Induced
systemic
resistance

(ISR)

Biological
fertilizers

Disease
suppression

Improved
soil fertility

Agronomic
practices

Biocontrol
of
pathogens

Description

Microorganisms alleviate stress caused by drought,
salinity, and extreme temperatures by producing
biopolymers, osmolytes, and antioxidant enzymes.

Microbes enhance the availability and uptake of vital
nutrients, including nitrogen, phosphorus, and
potassium, through nitrogen fixation and

phosphate solubilization.

Beneficial microorganisms trigger ISR, priming plants’
immune systems to defend against pathogens through
enzymatic and secondary metabolite production.

Microbial inoculants with nitrogen-fixing, phosphate-
solubilizing, or potassium-mobilizing capabilities act as
natural fertilizers, improving crop productivity.

Beneficial microbes suppress soil-borne pathogens by
producing antibiotics, lytic enzymes, and competing for

space and nutrients.

Microorganisms enhance soil organic matter

decomposition and nutrient cycling, improving soil

structure and fertility.

Agronomic interventions, such as soil amendments,
cover cropping, and crop rotations, optimize the
rhizosphere for beneficial microbes.

Beneficial microorganisms outcompete pathogens or
produce antifungal and antibacterial compounds that

suppress plant diseases.

Examples

Bacillus strains improve drought resistance in maize and wheat
by stimulating root growth and enhancing water uptake.

Rhizobial inoculants improve nitrogen fixation in legumes,
reducing dependence on synthetic fertilizers. Phosphate-
solubilizing bacteria increase phosphorus availability in crops
like wheat.

Trichoderma species manage fungal infections in tomato and
wheat, reducing reliance on fungicides.

Rhizobium in soybean and Azospirillum in cereals significantly
enhance yields while reducing fertilizer input.

Pseudomonas fluorescens suppresses Fusarium in wheat; Bacillus
subtilis inhibits Rhizoctonia solani in rice.

Mycorrhizal fungi enhance phosphorus cycling in maize;

Bacillus species improve organic matter decomposition in soils.

Cover cropping with legumes promotes nitrogen-fixing bacteria;
compost amendments improve microbial diversity in
degraded soils.

Bacillus amyloliquefaciens produces lipopeptides to suppress
Fusarium oxysporum in tomatoes.

Reference
(Blagodatskaya and
Ku::'.}.'akm-', 2018; Sabrina
et al., 2021; dos Santos

et al., 2022)

(Singh and Siddiqui, 2010;
Zhang et al,, 2017)

(Singh and Siddiqui, 2010)

Yang et al., 2024
8

(De Vleesschauwer et al.,
2008; Hu et al,, 2014)

(Rousk and Baath, 2011;
Allard et al,, 2017; Jin
et al., 2024)

(El-Saadony et al., 2024)

(Dudenhdfter et al., 2016;

Fan et al., 2017)



Development of SynComs to optimize plant—-microbe interactions for enhanced crop production

Identification of
bacterial strains for
PGP Efficacy

8¢ o f*’
S W -

PGPR  PGPF

PGP traits: IAA, EPS, QS

Improved Disease

* ®PGP traits: IAA, EPS, QS

= Analyzing genetic
variability of bacterial
strains

J, Enhance
Crop
Production

HRHH

x [

Assessing Influence of
bacterial inoculants on

plants Y

Evaluate seed germination
and seedling growth

Greenhouse and filed
trials

And application techniques

i +Reﬁne strain selection, inoculant

Optimizing bacterial
inoculants for crop
production

PGP: plant growth-promoting, IAA: indole acetic acid, EPS: Exopolysaccharides

> Resistance

L

Improves Growth

L Improved Nutrient

Uptake







NMpooeyyioelg yia TN HEAETN TWV AAANAETTIOPACEWYV QUTWYV - MIKPORBiwyV

Diversitvand
changes in
community

structure

Plant- microbe
interactions

Qdots, RNAi, and Targeted study
Microarrays for model of I'TS for fungi,

system 165 for bacteria

Models to predict the function of
endophytic function cores on plant srowth,
health and function

Omics approachesto
study microbial
community functions

Metagenomics,
Metabolomics, Proteomics
and Transeriptomics




Pon gpyaciag yia HEAETN MIKPORIOKWY KOIVOTATWY HECW 16S rRNA

16s rRNA Gene Regions

E

Canserved
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to a reference
165 rRNA gene

{only mothur)
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Clustering or
denoising

Assignment of sequences

to OTUs or ASVs

Selection of clustering or
denoising algorithm
OTUs: selection of similarity
threshold
Selection of the

representative sequence

o e o o o o ]

L

Taxonomy
assignment

e e e e e e e e e

Selection of a

classification method &
a reference database
Construction of a
phylogenetic tree & an
abundance table of

OTUs/ASVs

e e e e e e e

Regueira-Iglesias, Alba et al. “Critical review of 16S rRNA gene sequencing workflow in microbiome studies: From primer selection to advanced data analysis.” Molecular oral

microbiology vol. 38,5 (2023): 347-399.
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Bacteria

Fungi

. Proteobacteria
. Bacteroidetes

. Firmicutes

Actinobacteria
. Cyanobacteria

. Planctomycetes
. Verrucomicrobia

Cemmatimonadetes

. Acidobacteria

. Others

Leaf endosphere

| Root endosphere

. Basidiomycetes
. Ascomycetes

. Others

Trivedi, Pankaj et al. “Plant-microbiome interactions: from community assembly to plant

health.” Nature reviews. Microbiology vol. 18,11 (2020): 607-621.

Fungal diversity
(Shannon diversity index (H))

Bacterial diversity
(Shannon diversity index (H))







2TPATNYIKNA YIa TN BEATIOTOTTOINON BAKTNPIOKWY CTEAEXWV OTHN YEWpPYId

» [loAueTtitTredn d1adikagia 1TTou ouvouddlel YOVIOIWHATIKEG, METAYOVIOIWMATIKEG KAl UMOPIAKES TTPOCEYYIOEIC yIa TNV
ETMIAOYN, TPOTIOTTIOINCN Kal acloAOynon WEENPWY BaKTNPEiwv PE OKOTTO TN BeATiwon TG avamrtu¢ng Kal TNG

avOeKTIKOTNTAG.

AtTopovwon Kal apxIK avaAuon BAKTNPIOKWY OTEAEXWV

MNovISIWNATIKA avaAuon Kal XOPOKTNPIOHOG

Novidiakn TpoTtrotroinon Kal BeAtTioTotroinon oteAeXwyv (CRISPR)

MeTaypa@WHIKA KAl TTPWTEWMIKA avaAuon



ATTO TNV avakaAuwn Kai YEVETIKN) XapToypa@non &£wg Tn Yovidlakn TPOTTOTToiNan Kal AEITOUPYIKN

aéloAdynon BakTNPIAKWY OTEAEXWV

Genome Sequencing and
Characterization

Optimizing Bacterial Strains for
Sustainable Crop Production

Selection of promising Whole Genome
candidates Sequencing

: - Genome Assembly &
Functional profiling l Annofation

\ \

Metagenomics Comparative Genomics

\ ‘

Bioinformatics Analysis Functional Analysis

Il

Sample Collection (B) \’G
V ENOME

. Distant
DNA Extraction Elisas — Microbes SEQUENCING

Microbes

(A)

~Microbes Inside
the Root

Gene Editing and Strain
Optimization

CRISPR System Selection

\
gRNA Design &
Optimization

4

Delivery of CRISPR
Components

Validation of Edits and
Optimization

Transcriptomic and Proteomic
Analysis

RNA Extraction

y

RNA Sequencing (RNA)

\

Proteomic Analysis

v

Data Analysis and
interpretation

S

Invitro Evaluation

\/

Greenhouse Trials

¥

Promoting Plant Growth
Through Production of
ISS, Siderophores,
biocontrol Activity




Prevent dysbiosis

* Microorganism—
microorganism
interactions

= Hub microorganisms
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To MIKPOBiIWHA TWV PUTWV EVIOXUEI TNV AVATTTUSN,
TNV OVOEKTIKOTNTA OTO OTPES KAl TRV AMUVA HECW
AUECWYV KAl EHHECWYV NNXOAVICHWV.

Trivedi, Pankaj et al. “Plant-microbiome interactions: from community assembly to plant
health.” Nature reviews. Microbiology vol. 18,11 (2020): 607-621.
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