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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’



MODIFICANDO EL MICROBIOMA



PUEDEN TRANSPLANTARSE LOS MICROBIOMAS?



KEY QUESTIONS IN MICROBIOME RESEARCH

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

à systems approach to study & engineer microbiomes

Who?
What?
How?



Which microbes 
are there?

What are the 
microbes doing?

What is the 
genomic/genetic 

potential?

Metabolomics

THE TOOLBOX …

Confirmation!!! Classical 
microbiology, genomics 
and molecular biology
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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, …

o  Eliminated by heat treatment; 
transplanted to conducive soils



DISEASE SUPPRESSIVE MICROBIOME | STUDY SYSTEM

Damping off

Rhizoctonia 
solani

Sugar beet

SOIL – RHIZOSPHERE –
ENDOSPHERE

suppressive
soil

conducive soil

META- ANALYSES
(metagenomics/transcriptomics)
FUNCTIONAL ANALYSIS

(genetics, genomics, chemistry)

WHO, WHERE, WHAT?
(RHIZOSPHERE & ENDOSPHERE)



RHIZOSPHERE MICROBIOME
y-Proteobacteria – Pseudomonas & Lysobacter

ANTIFUNGAL
THANAMYCIN

β-Proteobacteria - Paraburkholderia

In vivo In vitro Carrion et al., 2018 (ISME J)

GENES INVOLVED IN 
THE BIOSYNTHESIS OF 

SULFUROUS VOCs
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Science (2011); PNAS (2012); ChemBioChem (2014); Nature Microbiology (2015)

Cordovez et al. Streptomyces volatiles: diversity and functions

FIGURE 6 | Inhibition of fungal growth after 1 and 2 days of exposure to Streptomyces VOCs (A) and growth of Arabidopsis thaliana seedlings after 2

weeks of exposure to Streptomyces VOCs (B). The controls are displayed in green and isolates with the strongest antifungal activity in red. Bars represent

standard errors of the mean of 3 independent biological replicates. Asterisks indicate a statistical difference as compared to controls (exposed to medium only) using

Student’s t-Test (p < 0.05, n = 3). Pictures of antifungal activity and plant growth promotion were made after 3 and 14 days of exposure, respectively.

is not always sufficient to discriminate between closely related
species and between strains of a given species (Girard et al.,
2013). We showed that concatenation of atpD, recA, and
16S rRNA gene sequences displayed a better phylogenetic
delineation of the different streptomycetes than 16S rRNA
gene sequences alone, although closely related isolates could
not be distinguished. We revealed that VOC profiling allowed
discrimination of Streptomyces isolates that are phylogenetically
close but phenotypically different, such as Streptomyces strains
W75.5/W126 and W47/W214.

The genus Streptomyces is well-known for the production of
several antifungal and antiviral compounds and accounts for
80% of the currently available antibiotic compounds (Watve
et al., 2001). Streptomyces also produces VOCs which reduce the
incidence and/or the severity of several plant diseases caused
by fungi and cause morphological abnormalities in different
fungi (Moore-Landecker and Stotzky, 1973; Wan et al., 2008;
Boukaew et al., 2013; Wang et al., 2013; Wu et al., 2015).
VOCs produced by the streptomycetes tested here exhibited
antifungal and plant growth promoting properties. Several

isolates inhibited hyphal growth, with Streptomyces strains
W47 and W214 showing the strongest inhibitory effect. Given
that these streptomycetes were obtained from a Rhizoctonia-
suppressive soil suggests that VOCs may contribute to disease
suppressiveness. This suggestion needs to be further investigated
in situ but fits well with one of the initial hypotheses of
Lockwood (Lockwood, 1977) for the potential role of microbial
VOCs in soil fungistasis. To provide more conclusive proof
of the role of these Streptomyces VOCs in disease suppression
in the soil ecosystem, specific soil bioassays are needed where
the VOC producers and the pathogen are physically separated.
However, there are several technical limitations to accomplish
this. First, the strains used here are rhizospheric bacteria
that need to be positioned in their ecological context (the
rhizosphere) to provide meaningful results. Given the need for
the localization of the Streptomyces strains in the rhizosphere
where also the pathogen colonizes and infects, it has not
been possible yet to physically separate the Streptomyces strains
from the fungal pathogen. This is due in part to the prolific
growth of this particular fungus. The physical separation in

Frontiers in Microbiology | www.frontiersin.org 9 October 2015 | Volume 6 | Article 1081

Actinobacteria
Streptomyces & Microbacterium

Cordovez et al. Streptomyces volatiles: diversity and functions

FIGURE 7 | (A) VOC profiles of Streptomyces strains W47 and W214 compared to control (medium only). (B) Venn diagram for common and unique VOCs produced

by Streptomyces strains W47 and W214. (C) Experimental set-up for in vitro antifungal activity assay with synthetic VOCs. (D) In vitro antifungal activity with synthetic

VOCs at 1M [control, methanol, VOC1 (methyl butanoate), VOC2 (methyl 2-methylpentanoate), VOC3 (methyl 3-methylpentanoate), VOC4 (1,3,5-trichloro-2-methoxy

benzene), VOC5 (3-octanone)]. Methanol was used to dilute all VOCs. Bars represent standard errors of the mean of 3 independent replicates. Asterisks indicate

statistical differences compared to control according to Student’s t-Test (p < 0.05, n = 3). (E) Fungal growth after exposure to 1,3,5-trichloro-2-methoxy benzene. (F)

Abundance of 1,3,5-trichloro-2-methoxy benzene produced by different Streptomyces isolates based on GC-MS peak intensities. (G) Nonlinear relationship between

fungal growth inhibition and abundance of 1,3,5-trichloro-2-methoxy benzene.

situ is needed to exclude a possible role of mechanisms other
than VOCs. An alternative approach would be to generate
site-directed mutants of the Streptomyces strains that do not
produce one or more of the specific VOCs identified in
this study. Comparison of the activity of these mutants with
their wildtype strains would then more conclusively resolve
the role of specific VOCs in disease suppression in situ. For
this alternative approach, however, we have not yet been
able to generate mutants as many environmental Streptomyces
species/strains are not or very difficult to access for genetic
modification.

Several studies have described antifungal activity by bacterial
VOCs, however, few have identified single or blends of
VOCs responsible for the antifungal activity (Kai et al., 2007;
Wang et al., 2013). For Pseudomonas, six VOCs (cyclohexanal,
decanal, 2-ethyl 1-hexanol, nonanal, benzothiazole, and dimethyl
trisulfide) were found to inhibit mycelial growth and sclerotial
germination of Sclerotinia sclerotiorum at tested volumes of
100 and 150µl (Fernando et al., 2005). Regarding VOCs
produced by Streptomyces species, butanone (methyl vinyl
ketone) and dimethyl disulfide were described to inhibit the
spore germination in Cladosporium cladosporioides and mycelial

Frontiers in Microbiology | www.frontiersin.org 10 October 2015 | Volume 6 | Article 1081

Frontiers in Microbiology (2016), AEM (2016)



ENDOSPHERE MICROBIOME
TAXONOMY

FUNCTIONS - NATURAL PRODUCTS

BACTEROIDETES 
ENRICHED IN 

SUPPRESSIVE SOIL

Carrion et al. 2019 (Science)

ENRICHMENT IN 
NRPSs

FUNCTIONS 
>ENZYMES

730 BGCs

CHITINASES ENRICHED 
IN CHITINOPHAGACEAE



FROM METAGENOME TO MICROBE
> IN VIVO ACTIVITY, COLONIZATION & IN VIVO BGC/CHITINASE EXPRESSION

> PATHOGEN-INDUCED EXPRESSION 
(BGC-298, CHITINASES)
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cPLANT PROTECTION 
WITH THE SYNCOM!!!

Carrion et al. 2019 (Science)
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Chitinophaga
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Mendes et al. (2011) Science; Watrous et al. (2012) PNAS; Cordovez et al. (2015) Front. Microbiol.; Van der 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; Pan et al.(2025) in prep
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WT

ΔbluB

ΔBGC298

DMB is less abundant in Flavobacterium 
ΔBGC298, and absent in ΔbluB

5,6-
Dimethylbenzimidazole 

(DMB) 

COMPARATIVE METABOLOMICS FLAVOBACTERIUM WT VS. MUTANTS

Xinya Pan
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• Flavobacterium unlocks inner power by producing DMB
• (Ongoing) activation by root exudates, O2?

Pan et al. 2024 (in preparation)



SOIL IMMUNE RESPONSE | RHIZOSPHERE & ENDOSPHERE

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

- DMB associated with protective endophytic Flavobacterium

     à overexpression, chemistry, genetics – ongoing (Xinya & Brandon)

RHIZOSPHERE 
- Antifungal peptides: thanamycin, brabantamide > Pseudomonas

- Antifungal VOCs: Streptomyces, Paraburkholderia

- Unknown mechanisms/metabolites: Microbacterium, Planctomyces, 
Bacilli



Genes involved in beneficial activities?

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

C A TEPCPA KSPCP ACPAT

glyglyMETA-OMICS
(metagenomics/transcriptomics)

FUNCTIONAL ANALYSIS
(genetics, genomics, chemistry)

What makes an endophyte an endophyte?

New virulence factors?

CLASSICAL MICROBIOLOGY

+

MetaData

Mendes et al. (2011) Science; Watrous 
et al. (2012) PNAS; Cordovez et al. 
(2015) Front. Microbiol.; Van der 
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) 
Env Micro; Pan et al. (2024) in prep



THE TOOL: bacLIFE

Guerrero-Egido et al. 2024 (Nat. Comms.)

Guillermo
Guerrero



LEARNING FROM NATURE: 
MICROBIOMES TO COPE WITH 

SALINITY

https://marblesproject.eu/

Terschelling



LEARNING FROM NATURE: MICROBIOMES TO COPE WITH SALINITY

Intertidal 
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Low 
marsh

Salinity

Glassworth
(Salicornia europaea)

Terschelling 
island

Salinity enrichment
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Salinity tolerance 
experiments

Improve culturability

Synthetic communities (SynComs) 

Dilution to extintion
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GALÁPAGOS MICROBIOME EXPEDITION: UNCOVERING 
THE MICROBIAL WORLD THAT DARWIN NEVER SAW



leaves flowers roots soils

SAMPLING OF SCALESIA



Fernandina island | Video by Wilson Cabrera & Haig Balian

Expected outcomes

• Diversity of microorganisms on and inside 
of the Scalesia plants

• Evolutionary patterns and processes of 
the Scalesia microbiomes

• Role of the microbiome on the ecology of 
the Scalesia plants (growth, survival)

SAMPLING OF SCALESIA



- Large-scale comparative (meta)genomics.
- Understanding
- Enhancement

TAKE HOME SMS

- Extreme environments: a goldmine of 
microbes for biotech applications 

- Mechanisms are yet not discovered
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Abstract submissions open now!



Víctor J. Carrión Bravo
DECODING THE HIDDEN SECRETS 

OF PLANT MICROBIOMES

www.carrionlab.com

Thanks for your attention

http://www.carrionlab.com/

