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DECODING THE HIDDEN SECRETS
OF PLANT MICROBIOMES

Victor J. Carrion Bravo
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2002-2007 BSc: Molecular Biology
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2008-2012 PhD: Mangotoxin production in the
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Selection of beneficial Burkholderia spp.
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WHAT IS A MICROBIOME?

‘the totality of microbes, their genomes and
their interactions in a particular environment’

‘... the second genome of eukaryotes’

Human genome

o . 23,000 genes
Human microbiome g

1,000,000+ genes




MODIFICANDO EL MICROBIOMA

PREBIOTICOS = SIMBIOTICOS

Los probidticos son
organismos activos.

Mantienen el
sistema digestivo el
un estado éptimo.

SYMBIOTICS

PROBIO+PREBIO

40 BILLION CFU
0% NATURAL
60 CAPSULES

2 PER DAY

DANONE

N

N

Actimel

sistefa inmunitario

con Vitaminas [D, B9]
yminerales [Fe, Zn]

fermentos naturales
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PUEDEN TRANSPLANTARSE LOS MICROBIOMAS?
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KEY QUESTIONS IN MICROBIOME RESEARCH

Who?
What?
How?

« to what extent do microbiomes influence (eco)system functions?
« what factors, mechanisms drive microbiome assembly & activity?
 are there general patterns in microbiome dynamics & functioning?

- systems approach to study & engineer microbiomes



Which microbes
are there?

THE TOOLBOX ...

Nucleic Acids

Amplicon sequencing l

SSU rRNA

Multiple copies of fragments
poooF J Approaches

from 1 target gene

/7 S
I' Confirmation!!! Classical ‘I
, Microbiology, genomics
\ and molecular biology 1
D _7
Microbial Community
What is the
What are the : :
: S genomic/genetic
microbes doing” :
potential?
RNA Proteins Metabolites DNA
Metagenomics sequencing
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Short sequence

Metatranscriptomics Metaproteomics Metabolomics fragments from "all" DNA

Metagenomics




FUNCTIONAL UNDERSTANDING OF PLANT MICROBIOMES

OUR MICROBIAL
SOURCES

ABIOTIC STRESS [+

BIOTIC STRESS ALLEVIATION

ALLEVIATION

", ' BIOINFORMACTICS, COMPARATIVE
GENOMICS & LIFESTYLE PREDICTION

Postdocs

MScs
BScs
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MICROBIOME-MEDIATED PLANT PROTECTION

o Disease suppressive soils

o Soils in which plants do not get
diseased or only little

o Found worldwide

o Described for pathogenic fungi,
bacteria, nematodes, ...




DISEASE SUPPRESSIVE MICROBIOME | STUDY SYSTEM

Sugar beet

Damping off

Rhizoctonia
solani

Soil
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META- ANALYSES

(metagenomics/transcriptomics)
FUNCTIONAL ANALYSIS

(genetics, genomics, chemistry)
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WHO, WHERE, WHAT?
(RHIZOSPHERE & ENDOSPHERE)
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SOIL - RHIZOSPHERE -
ENDOSPHERE

conducive soil

suppressive
soil



RHIZOSPHERE MICROBIOME
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ENDOSPHERE MICROBIOME
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COMPARATIVE METABOLOMICS FLAVOBACTERIUM WTVS. MUTANTS
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DMB is less abundant in Flavobacterium
ABGC298, and absent in AbluB

* Flavobacterium unlocks inner power by producing DMB

* (Ongoing) activation by root exudates, O,?

Pan et al. 2024 (in preparation)



SOIL IMMUNE RESPONSE | RHIZOSPHERE & ENDOSPHERE
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RHIZOSPHERE
- Antifungal peptides: thanamycin, brabantamide > Pseudomonas

- Antifungal VOCs: Streptomyces, Paraburkholderia

- Unknown mechanisms/metabolites: Microbacterium, Planctomyces,
Bacilli

ENDOSPHERE
- Enrichment Bacteroidetes

- Pathogen-induced expression of chitinases and
specific BGCs in endophytic Bacteroidetes

- DMB associated with protective endophytic Flavobacterium

—> overexpression, chemistry, genetics — ongoing (Xinya & Brandon)




CLASSICAL MICROBIOLOGY

FUNCTIONAL ANALYSIS
(genetics, genomics, chemistry)

1 m Mendes et al. (2011) Science; Watrous
\ I ol et al. (2012) PNAS; Cordovez et al.

& § N & AL (2015) Front. Microbiol.; Van der
2 Voort et al. (2016) Ecology letters;
Chapelle et al. (2016) ISME Journal;
Carrion et al. (2018) ISME Journal;
Carrion et al. (2019) Science; Pan et
al. (2023) TIM; Mendes et al. (2023)

. j glly glly Env Micro; Pan et al. (2024) in prep
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NCBI e

Genes involved in beneficial activities?

MetaData

New virulence factors?
What makes an endophyte an endophyte?

Can we predict lifestyle based on (meta)genomic content?



CLUSTERING MODULE
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1 - Sensitivity
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(AUC plots)

ANALYTICAL MODULE

User Interface

Visualization (PCoA,
Dendrograms)

Data-base bacteria clustering
Pan-core analysis

Statistics for Lifestyle Associated
Genes (LAGs)

Guillermo
Guerrero

Guerrero-Egido et al. 2024 (Nat. Comms.)
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LEARNING FROM NATURE:

S— MICROBIOMES TO COPE WITH
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Harnessing marine microbes for
drug discovery and sustcunable
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LEARNING FROM NATURE: MICROBIOMES TO COPE WITH SALINITY
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HMS Beagle 7 Charles Darwin

ALAPAGOS MICROBIOME EXPEDITION: UNCOVERING ﬁﬁg%
THE MICROBIAL WORLD THAT DARWIN NEVER SAW




SAMPLING OF SCALESIA
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SAMPLING OF SCALESIA
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TAKE HOME SMS

CLUSTERING MODULE
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LIFESTYLE PREDICTON MODULE

- Large-scale comparative (meta)genomics.
ANALY LICAL vivLbULE - U nd e rSta nd i ng
- Enhancement

. Data-based bacteria clustering
. Pan-core analysis

. Statistics for Lifestyle associated
genes (LAGs)

;;;;;;

- Extreme environments: a goldmine of
microbes for biotech applications

- Mechanisms are yet not discovered
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DECODING THE HIDDEN SECRETS
OF PLANT MICROBIOMES

Victor J. Carrion Bravo

La Maye
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