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Root-exudedcoumarin shapes the rootmicrobiome
Derek S. Lundberga and Paulo J. P. L. Teixeirab,1

Roots of land plants grow through soil, one of the
most microbially rich and diverse environments on
earth (1). A long history of work has revealed that plant
roots interact with these microbes and help establish
microbial communities distinct from the surrounding
soil (2). This is partly because roots provide a food
source of exuded sugars, metabolites, and dead plant
material, which some microbes are better suited to
exploit than others (3). It is also partly because the root
immune response and secreted antimicrobials pro-
vide obstacles to colonization, to which only some
microbes are tolerant (4). Thus, roots control microbes
not only with “carrots” but also with “sticks.” Because
plant genetic variation affects root structure, compo-
sition, and exudates, many studies have tried to ad-
dress the extent of genetic control plants have over
their associated root microbiomes (5). These studies
have generally shown that plant genotype has an ef-
fect on the root microbiome but that this is a small
influence relative to environmental effects such as soil
composition (4). Much of the work ends here, because
the next steps are even more difficult. They involve
identifying specific genes whose products interact
with root-associated microbes, demonstrating conclu-
sively the relevance of those interactions, and explain-
ing how the genes defined function. The paper in
PNAS by Stringlis et al. (6) represents a significant step
because it does all these things. The authors use a
variety of techniques, from quantifying root exudates
to metagenome sequencing in natural soil, to show that
an exuded coumarin involved in the plant’s iron starva-
tion response reshapes the microbiome and may also
protect plants from pathogenic fungi. Furthermore, this
effect is triggered by beneficial bacteria.

Many microbes that are able to colonize roots exert
some kind of beneficial effect on the plant, often
improving traits of obvious agronomic value such as
nutrition, growth, and/or immunity (7). Some beneficial
members of the root microbiome can reduce disease
caused by foliar pathogens by triggering a defense
mechanism known as induced systemic resistance (ISR).

The bacterium Pseudomonas simiae WCS417 is prob-
ably the most well-characterized microbe capable
of eliciting ISR. Although the beneficial effects of
disease-suppressive bacteria can, in some instances,
be explained by a direct competition for nutrients with
pathogens (8, 9), many of them act indirectly by priming
plant immunity. A set of important studies published
in 1991 demonstrated the ability of rhizobacteria to in-
duce systemic protection (10–12). In particular, van Peer
et al. (10) found that the treatment of carnation roots
with WCS417 reduced the incidence and severity of in-
fection by the fungal pathogen Fusarium oxysporum in
leaves. In their experiment, WCS417 remained spatially
separated from the challenging pathogen, implying that
a systemic defense mechanism in plants could be trig-
gered by bacteria in the root. Since then, this protective
effect (namely ISR) has been observed in multiple plant-
pathogen combinations, and a number of studies have
provided a wealth of knowledge on how this and other
beneficial microbesmay promote plant resistance against
pathogens (13). However, there is still much to learn.

Large-scale gene expression analyses catalyzed the
identification of key players in the establishment of ISR.
In the absence of pathogens, leaves of Arabidopsis
plants whose roots were treated with WCS417 did not
show significant transcriptional alterations. On the other
hand, approximately 100 genes were differentially reg-
ulated in roots colonized by WCS417 (14). Among
these, the gene encoding the root-specific transcription
factor MYB72 was induced upon colonization, and sub-
sequently shown to be required for the onset of ISR
(15). More recently, the β-glucosidase BGLU42, whose
transcript levels are regulated byMYB72, also emerged
as a required component of ISR (16). The specific func-
tions of MYB72 and BGLU42 in the context of plant
immunity are just starting to emerge. Interestingly,
MYB72 is also part of the circuitry that controls the
Arabidopsis response to iron starvation (17). When
growing in iron-limited soils, plants activate a set of
coordinated responses to optimize iron uptake and
mitigate nutritional stress (18). Iron deprivation also
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stimulates the exudation of Fe(III)-chelating coumarins in the rhi-
zosphere to help the mobilization of iron (19). The dual role of
MYB72 in the regulation of both ISR and iron starvation responses
suggested the existence of functional links between immunity and
nutrition, a concept recently demonstrated for phosphate (20).

In PNAS, Stringlis et al. (6) show that MYB72 and BGLU42
activities influence the assembly of the Arabidopsis root micro-
biome by regulating the biosynthesis and exudation of the couma-
rin scopoletin into the rhizosphere (Fig. 1). Supported by robust
genetics, the authors performed a metabolomics survey to identify
metabolites produced and secreted by iron-starved roots in a
MYB72- and BGLU42-dependent manner. This led to the identifi-
cation of scopoletin as a major component of the root exudate
during iron starvation, which agrees with previous reports and is
consistent with the role of coumarins in iron mobilization and up-
take (19). As a transcription factor, MYB72 is presumably a major
regulator of genes whose products catalyze the biosynthesis of
scopoletin (including BGLU42), whereas BGLU42 mediates sco-
poletin secretion into the rhizosphere by modifying its precursor.

A remarkable feature of the paper by Stringlis et al. (6) is the
demonstration that root-secreted scopoletin exerts a selective antimi-
crobial action in the rhizosphere. Rhizospheremetagenome sequenc-
ing revealed an altered microbial community surrounding roots of
iron-starved plants. A mutant deficient in scopoletin biosynthesis also
showed differential abundance of specific microbes. Based on these
results, the authors propose that plants can recruit a specific set of
coumarin-tolerant microbes during iron starvation by secreting sco-
poletin. Critically, the authors also show that the beneficial bacteria
P. simiaeWCS417 and Pseudomonas capeferrumWCS358 are resistant
to high doses of scopoletin, whereas the fungal pathogens Fusarium

oxysporum f. sp. raphani and Verticillium dahliae JR2 are strongly
inhibited by this coumarin. Moreover, WCS417 itself can induce the
exudation of scopoletin by the roots. This suggests the exciting pos-
sibility that beneficial microbes induce exudation of coumarins into
the rhizosphere, thus establishing a favorable niche for its colonization
and, in turn, making the plant better adapted against stresses.

The paper by Stringlis et al. (6) offers at once both a broad and
detailed view of root microbiome assembly. Not only does it show
the effect of a single plant gene and its exuded product on the
microbial community but it reveals how beneficial and pathogenic
microbes react differently to this challenge, demonstrates how the
process is started by a beneficial microbe, and reinforces how plants
may repurpose the same stress pathway to effectively respond to
abiotic and biotic stress. The paper provides an example of mecha-
nistic microbiome research, revealing how particular genes and par-
ticular microbes fit into the complexity of a natural root microbial
community. In the future, it will be interesting to explore the limits
of the mechanism Stringlis et al. (6) have discovered, particularly
whether pathogens have the same forms of coumarin resistance
possessed by beneficial bacteria such asWCS417 and, as the authors
note, whether coumarin clears the rhizosphere of competing mi-
crobes to give coumarin-resistantmicrobes a competitive advantage.
This might open the path for engineering coumarin resistance into
desirable rhizosphere microbes to improve their ability to colonize.
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Fig. 1. Model for the dual action of MYB72 and BGLU42 in iron mobilization and in shaping the root microbiome. The transcription factor
MYB72 and the β-glucosidase BGLU42 are both required for the exudation of the coumarin scopoletin by Arabidopsis roots. Biosynthesis and
secretion of scopoletin are induced under iron-limiting conditions or by beneficial root-colonizing bacteria such as P. simiae WCS417. Secreted
scopoletin is proposed to increase iron mobilization and uptake by the roots. Moreover, scopoletin possess antimicrobial activity, and its
accumulation in the rhizosphere may select tolerant microbes with beneficial effects to the plant while suppressing potentially negative microbes,
including pathogens. Further research is required to elucidate the significance of scopoletin-selected microbial communities.
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