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The plant microbiome: a key member of the plant holobiont
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Figure 1. The plant holobiont: A multiple life community integrating plants, microbiomes, environmental resources, and human gov



QéPIant microbiome research: From ecological foundations to translational applications

Ultimate goal
Climate-resilient, sustainable crop, production via microbiome, engineering & breeding
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Section V: Translational applications & future perspectives
(How can we apply this knowledge to agriculture?)
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Section IV: Revolutionary methodologies (How do we study and engineer microbiomes?)
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Section llI: Driving forces of microbiome assembly (What shapes the plant microbiome?)
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Section Il: Mechanisms of plant-microbe interactions (How do they interact with plants?)
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Figure 2. A diagram of conceptual framework to illustrate the contents of this review



Q:EEcological foundations: Community structure and function across different niches

(A) Rhizosphere (®) Phyllosphere

epiphytic

endéphytic
Direct antagonism

Resource competition
ISR/ SAR priming

(B) Endosphere

— i ‘ 1
— |
—_—

(D)  Spermosphere and Seed

1

-----

i
Pa s v g

¢ 8 e
ML models predict potato vigor

// - gy By
8.9 ..D -
[— . % -
°® * -
-
- e
A
Immune evasion & suppression
Growth promotion & stress tolerance
Rhizosphere Endosphere Phyllosphere Spermosphere and Seed
Puges © ONaneG Boics NRT1.1b-recruited ammonifying © 4-Hydroxycinnamic acid (4-HCA) 150 Seed exudates
o Amino acids A Secondary bacteria © Theophylline, EGCG o
[Letebots Pantoea agglomerans
® Serendipita indica ~.{ —~ Pseudomonas X 99
>~? '~ AM Fungi -/ “Pseudomonas (effector SIE141) s Stenotrophomonas

~—@m» Sphingomonas

@ Bacillus . @ Bacillus frigoritolerans
wws Streptomyces @ Dark septate endophyte (DSE) ~—a® Methylobacterium

(&) Protists _—__ Nematodes Laburnicola rhizohalophi;a ~@ Flavobacterium @ Chryseobacterium

Figure 3. Ecological foundations of the plant microbiome: Compartrs@eicific community structures and functions



{: Rhizobia: The facultative endosymbionts of legumes
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Figure 4. Rhizobium life cycle involves biofilm formation, infection/nodulation, endosymbionts, nitrogen fixation, and nodule senesce



{:Mycorrhizal symbiosis enhances plant nutrient uptake and fitness
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Figure 5. Arbuscular mycorrhizal symbiosis enhances plant nutrition and stress tolerance
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Cross -kingdom communications regulate mycorrhizal symbiosis
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Q%.:Carbon and nutrient flows and their regulatory mechanisms in the plant
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Q:E Molecular cell biology and engineering of nodule and mycorrhizal symbioses
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The Aerial Root Mucilagesphere
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Q:% The Phyllosphere Microbiome: Composition, Function, and Homeostatic Regulation
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{=The shaping process of plant endo -microbiome and seed microbiome

Upper

epidermis
Palisade
mesophyll —>
S Next
pongy _ Vertical _ eneration
mesophyll transmission 9 A
Endophytic
bacteria - o Y \ [ ™ 3

Lower R T T e N Y e A
epidermis

Endophytic fungi o
o W\ F---------- > m

Endophytic bacteria - . Horizontal
transmission

Seedlmg

Endophytic fungi {

» Maturing

Endophytes i |n root tissues
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Research Progress of Plant Pathobiome

Traditional Paradigm: One pathogen — One disease Pathobiome Paradigm: Co-infection & Complex interactions
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Drivers of plant microbiome assembly
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43 Methodologies that are revolutionizing plant microbiome research

(A) Precision quantification (QMP) (B) Precision interaction (multi-omics Association)
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Synthetic microbial community and microbiome engineering
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Figure 17.Analytical framework for plant microbiome
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Figure 18.Develop standardized synthetic microbiome products for crops to achieve stable growth promotion, yi

increase, and disease resistance at the field scale.
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