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Ultimate goal
Climate-resilient, sustainable crop, production via microbiome, engineering & breeding

)

Section V: Translational applications & future perspectives
(How can we apply this knowledge to agriculture?)

— :
a2l l Standardized synthetic microbiome products \ Y Y 1 h 1 ‘
;,| 1 A y ’lﬂé bﬂ

(53 @ 0.5 ¢ O O O
o\f Mycorrmzalapphcauons D o mmlurechallenges
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Section IV: Revolutionary methodologies (How do we study and engineer microbiomes?)

D\ N\ FTRE T . 6 =
— Quantitative microbiome ", ™ Precision agriculture ~ {\ .ﬁ; Synthetic communities | @ Al & statistical tools + O v

Section llI: Driving forces of microbiome assembly (What shapes the plant microbiome?)

NN @ Host genotype KK 03"_0,.2‘;, ‘&Q% Metabolic signaling " @ :%“ "‘i: Environmental context "
. . ' Q\"—/')

o 5o - B
Section II: Mechanisms of plant-microbe interactions (How do they interact with plants?)
0 <« o © B
Rhizobia-legume Symbiosis (CJ ® Plant-AM fungus-bacterium continuum o P ) Mycorrhizal Symbiosis
© © » 0 g
. Rhizosphere microbiome & soil protists . Phyllosphere homeostasis & reproductive organ microbiome "—:_ Pathobiome concept :-_-‘
Section |: Ecological foundations of the plant microbiome (Where do plant microbiomes reside?)
7] = 1%
Rhizosphere Endosphere ;‘/ v \\l Phyllosphere (e :\x Seed and Spermosphere [ 1\ 1.0/ Aerial Root |
(Root-soil interface) | ¢ (Internal tissues) | J (Leaffflower surfaces) ==, 1. | (Vertical transmission) |, Mucilagephere (New mche]\ 4
\ 2 {L- \ S5/
The plant microbiome: A comprehensive review —— From ecological foundations to franslational applications
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(A) Rhizosphere (©) Phyllosphere

eplphytlc

endéphytic
Direct antagonism

Resource competition
ISR/ SAR priming

(B) Endosphere (D) Spermosphere and Seed

Immune evasion & suppression
Growth promotion & stress tolerance

Rhizosphere Endosphere Phyllosphere Spermosphere and Seed
Sugars Organic acids i Ty .
d S NRT1.1b-recruited ammonifying © 4-Hydroxycinnamic acid (4-HCA) .+ Seed exudates
o Amino acids A Secondary bacteria © Theophylline, EGCG o
metabolites Pantoea agglomerans
® Seffrer{dlp‘rstf éngca "~ Pseudomonas ,’“ Sino ;]g
i € 8 - Stenotrophomonas
%AM Fungi '/ *Pseudomonas (effector ) e Sphingomonas ™ o :’ o
@D Bacillus e X @ Bacillus frigoritolerans
2 ) Slepamyces @ Dark septate endophyte ;DSE) ~—@® Methylobacterium
(&) Protists _—__ Nematodes Laburnicola rhizohalophila @W Chryseobacterium

~—@® Flavobacterium
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Saprophytic stage
(1) Migration toward roots (6) Nodule senescence and
(Flagellar-dependent) rhizobia release
(Flagellar-independent)
[ ]
- 38 (2) Biofilm formation  (3) Infection and nodulation Spherical nodules
{ (Surface polysaccharides) (Nod factor dependent) (soybean, common bean)

(Nod factor independent)
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Non-terminally Terminally
differentiated differentiated

bacteroids bacteroids
(soybean, common bean)  (alfalfa, pea)

(5) Nitrogen-fixation Finger-like nodules
(Energetically expensive and oxygen sensitive) (alfalfa, pea)
(Nutrient exchange)
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AM fungal cell

Host cell
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Tree species
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mantle formation (KEX2 processing)
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AdoMetDC

Suppresses defense gene expression Represses JA defense genes

Promotes symbiosis

Increases Hartig net depth
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Increases AdoMetDC
AGO1 activity
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’ induce RNAI in colonized tissues Pmic miR-8 Polyamine accumulation
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Arbuscular mycorrhizal symbiosis (AMS) ' Root nodule symbiosis (RNS)
) MFs ' NFs o
AM fungi ' Rhizobia
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Aerial root-plants

e.g. Maize and sorghum Mucilagesphere

Aerial root  carbohydrates
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Biotic drivers of phyllosphere Abiotic drivers of
microbiome assembly Pseudomonas & Sphingomonas & phyllosphere microbiome
Bacillus Streptomyces assembly
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Traditional Paradigm: One pathogen — One disease Pathobiome Paradigm: Co-infection & Complex interactions

Environmental Stress
(e.g. Drought, Nutrient imbalance

Dynamic Transformation:
Endophytes and commensals
become pathogenic under dysbiosis

W
72 )
g & 1
: Y Al X
4* J AU \
k z
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Disease outbrea

M Ralston/a
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) / * Disease outbreak
t \ FE acuminatum
m
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// o ( /) F. ennutatum
/ 7/ F. nitenbergiee _
Fusarium oxsporum f. sp. lycopersici (Fol) Multiple pathogen species
A single pathogen caused a specific disease (e.g. Fol cause Pathobiome: Co-infection by multiple pathogens and helper
Fusarium wilt disease of tomato) species = Enhenced disease severity and control challenges
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(A) Precision quantification (QMP)

Microbial niche Soil nutritional status

Absolute abundance

Absolute abundance
——H
=

Plant health status

A

h

Absolute abundance
==
Absolute abundance

The primary drivers governing the absolute abundance of plant microbiomes

(B) Precision interaction (multi-omics Association)

*9%o00°
Plant microbiome
(The second genome)

Plant genome
(The first genome),’

Environment Plant phenotype

(C) Precision application (site- and cultivar-specificity)

Optimize plant
health and

N productivity
D A @vﬂ-

Adjust measures to crop ‘
varieties e
A
5 ”

Adjust measures to local
conditions

Plant varieties and genotypes
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Data acquisition
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Single-strain Synthetic microbial
inoculant communities
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Standard synthetic microbiome

Microbial fertilizer

> G‘
@
o. : Q Stable
Ungtab_le S80S performance
application under field-scale
pen‘ormance/ \application
N N N O
VT ) T
S q 1
e, 5 2 , : £ ‘% ¥\‘ \%\
=Y % 7o s As

B8, TF R EE X ARV R HEAL & i A=A i, DAE TR RO SEIURR e I 2 387 B PR R



iM(_ata( )i%%ﬂﬁ%ﬁ&}ﬁ%ﬂiﬁ"é IMEta WI LEY

iMetaOmics m 'Qm s

iMeta(% )HﬁHIJEE ﬂ;ﬁljj} SR CellN £ Y= F 454 BT, SCIE PubMedtIﬂz% %2ﬂrﬂ%(|F)44.4,
W358 , TXFTEYZF1XTop, HEFHN21K, WIEELFTPRLHS7X(ELEKFERTI IR
3f&), X L‘m‘?‘ﬂﬂﬁﬁ’lﬁﬁﬁ\ 3 EMLGIRTETS, CNS/HINERA A FEILFMESEREE.

iMetaOmics (2B%F), /E1_LIF>155(‘H‘TNC/SAE|’]$%/|: ZE&HAT), 24ESCI. PubMedZULE.
iMetaMed (& EZ)ENMIF>15HEZEEHIT, Wiligts!

¥ 71: http://www.imeta.science @ office@imeta.science
HjHEHi https://wileyonlinelibrary.com/journal/imeta imetaomics@imeta_science

iMeta: https://wiley.atyponrex.com/journal/IMT2
?ﬁﬁ%‘] iMetaOmics: https://wiley.atyponrex.com/journal/IMO2

iMetaMed: https://wiley.atyponrex.com/journal/IMM3

__;'- ; BT HEA



https://onlinelibrary.wiley.com/journal/2770596x
https://jcr.clarivate.com/jcr-jp/journal-profile?journal=IMETA&year=2024
https://www.ncbi.nlm.nih.gov/pmc/journals/4576/
https://mp.weixin.qq.com/s/OTnOpwOtbW998icqZ0avcQ
https://mp.weixin.qq.com/s/OTnOpwOtbW998icqZ0avcQ
https://mp.weixin.qq.com/s/OTnOpwOtbW998icqZ0avcQ
https://mp.weixin.qq.com/s/OTnOpwOtbW998icqZ0avcQ
https://onlinelibrary.wiley.com/journal/29969514
https://mp.weixin.qq.com/s/ug6SjwHbxqCUDLQjaADC6g
https://pmc.ncbi.nlm.nih.gov/journals/?term=%22iMetaOmics%22
https://onlinelibrary.wiley.com/journal/3066988x
http://www.imeta.science/
https://wileyonlinelibrary.com/journal/imeta
https://wiley.atyponrex.com/journal/IMT2
https://wiley.atyponrex.com/journal/IMO2
https://wiley.atyponrex.com/journal/IMM3
mailto:office@imeta.science
mailto:imetaomics@imeta.science
https://www.bilibili.com/video/BV1UgYXzwEir/
https://mp.weixin.qq.com/s/6V6HJG12tNDdphcIWXW4QA

	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19

