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Spray-induced gene silencing
boosts functional genomics in
symbiotic fungi

Since the Devonian era 450 million years ago, most terrestrial
plants have formed mutualistic associations with a group of soil
fungi known as arbuscular mycorrhizal fungi (AMF) that provide
benefits ranging from improved mineral nutrition to increased
tolerance of biotic and abiotic stresses (Marro et al., 2022; Shi
et al., 2023; Fiorilli et al., 2024). This symbiosis constitutes a
unique biological system that has drawn scientific interest because
of its long history of co-evolution, the intimate interactions at the
cellular level that mirror the coordination of symbiotic functions
(e.g. nutrient exchange), and the diverse benefits it provides the
green host. A new study by Fan et al. (2025; pp. 2852–2870),
published in this issue ofNew Phytologist, presents groundbreaking
research on spray-induced gene silencing (SIGS) in AMF, paving
the way for effective genetic manipulation in these symbiotic fungi.

‘Fan et al. suggest that SIGSmay be a powerful, general tool

for functional genomics analysis of nonculturable and

genetically challenging fungi. ’

Molecular studies on the role of fungal symbionts in AM
symbiosis have lagged behind those focused on host plants. This is
mainly due to the obligate biotrophy of AMF, which has severely
limited the amount of pure biological material available for
investigation. In addition, despite several attempts, protocols
for the direct genetic manipulation of AMF are lacking. However,
indirect approaches, such as host-induced gene silencing (HIGS)
and virus-induced gene silencing (VIGS), which are based on the
expression in the host plant of constructs producing double-
stranded RNA (dsRNA) targeting fungal transcripts, have been
successfully used to silence the expression of AMF genes in
mycorrhizal roots when the fungus establishes an intimate physical
association with host cells during the symbiotic stage (Helber
et al., 2011; Kikuchi et al., 2016).

The study by Fan et al. represents a significant advancement in
the genetic manipulation of AMF, demonstrating the successful
application of SIGS to downregulate specific genes in the model

AMF Rhizophagus irregularis during the asymbiotic and early
symbiotic stages of its interaction with the host plant. Like HIGS
andVIGS, SIGS exploits RNA interference (RNAi), but unlike the
other two methods, SIGS involves direct application of exogenous
dsRNA that is taken up by the target organism and processed with
its internal RNAi machinery, leading to the posttranscriptional
silencing of specific genes. It thus offers a targeted nontransgenic
approach to gene silencing. SIGS has shown promising results in
several plant pathosystems and is emerging as a powerful tool
in both basic and applied research. For example, spraying with
dsRNA, targeting essential virulence genes, successfully reduced the
severity of disease caused by major plant pathogens, such as
the fungi Botrytis cinerea and Fusarium graminearum, and the
oomycete Phytophthora infestans. These studies showed that
exogenous dsRNA treatment can significantly reduce infection
levels, illustrating the potential of SIGS as a precise and eco-friendly
plant protection tool (Mitter et al., 2017; Wang & Jin, 2017; Cai
et al., 2018; Kalyandurg et al., 2021).

Fan et al. first used fluorescein-labelled dsRNA to test the ability
of AMF to take up dsRNA from the environment, which is a
prerequisite of SIGS. Having verified successful dsRNA uptake,
they used SIGS to study the impact of downregulating three genes
involved in G-protein signaling – RiRgs3, RiGpa3, and RiGpb1 –
on spore germination and hyphopodia formation, two crucial steps
of the asymbiotic and presymbiotic fungal life cycle. Attention was
given to G-protein signaling since these components have been
reported to control various aspects of spore/hyphae development
and host plant interactions in fungal pathogens. Applying dsRNA
targeting genes to plant–AMF co-culture systems resulted in
sequence-specific downregulation, leading to phenotypic defects
in spore germination and hyphal branching as well as a reduction in
the number of hyphopodia, which are essential structures for root
penetration. Fan et al. thus provide direct evidence that G-protein
signaling plays amajor role in the asymbiotic and early stages of AM
interaction, in keeping with results obtained in studies on other
plant-interacting fungi. Furthermore, the results demonstrate that
AMF can effectively uptake and process dsRNA, providing
valuable insights into the complex roles of small RNAs in AM
symbiosis (Ledford et al., 2024). These findings could enable a
breakthrough in functional genomics studies on this group of
beneficial plant-interacting fungi, as they offer the potential for
direct gene silencing with a nontransgenic approach.

Importantly, the results of Fan et al. suggest that SIGS may be a
powerful and general tool for functional genomics analysis of other
nonculturable and genetically challenging fungi. In the context of
sustainable agriculture, understanding and modulating the
behavior of the beneficial component of the plant microbiota
could aid in improving plant nutrition, immunity, and resilience to
climate change, thereby supporting sustainable crop production
under challenging environmental conditions. This study suggests
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that RNAi-based mechanisms are conserved in fungi with diverse
lifestyles, making SIGS a valuable tool for studying and
manipulating not just mutualistic symbionts like AMF but also
fungi used for biocontrol. The application of SIGS to other
endophytic fungi will facilitate functional characterization of genes
in crucial developmental stages and lay the groundwork for broader
microbiome-centered crop improvement. In this context, SIGS
holds promise not only for advancing fundamental research but
also for supporting next-generation precision agriculture that
leverages beneficial microbes. While concerns about off-target
effects of exogenous dsRNA are valid, a recent study demonstrated
that SIGS applied to wheat and barley leaves had minimal impact
on the phyllosphere microbiota: minor shifts were detected in rare
bacterial taxa, while the core bacterial and fungal communities
remained stable, indicating a high level of specificity and ecological
safety (Sundararajan et al., 2025). These findings offer reassurance
about the safety of dsRNA-based methods in agricultural settings,
although further investigations will be needed to fully understand
their broader environmental impact.

In addition, while the results of Fan et al. provide a compelling
proof of concept, further research is needed to determine how
reliable SIGS is in a broader range of fungal species and host
systems, and how well it performs under more varied environ-
mental conditions. Such knowledge will be essential when
translating laboratory insights into practical biological and
agricultural applications. In particular, assessing the viability of
SIGS in natural agricultural soils and its long-term effects on AMF
will be crucial to fully evaluate its potential as a tool for both
research and practical microbiome-informed agriculture.

Fundamental scientific questions remain that will determine the
trajectory of SIGS as a tool in mycorrhizal research. To optimize its
use in AMF, the molecular mechanisms of dsRNA uptake and
processing will have to be elucidated. The success of SIGS in AMF
indicates that these fungi can take up dsRNA even when it is not
delivered inside extracellular vesicles, which have been used as
vehicles forRNA in plant–pathogenic interactions (Cai et al., 2018;
Holland & Roth, 2023). Understanding whether specific trans-
porter proteins or endocytic pathways govern dsRNA uptake and
internalization may help refine delivery strategies and enhance
silencing efficiency. In addition, SIGS could be combinedwith new
methods for asymbiotic AMF culture (Tanaka et al., 2022) to study
the molecular mechanisms active during AMF growth in the
absence of a host plant and to clarify the roles of the vast number of
uncharacterized putative fungal effectors that may help plants to
distinguish AMF from pathogens in the early symbiotic stages
(Aparicio Chac�on et al., 2023).

SIGSprovides a simple, versatile, scalable, nontransgenic tool that
is primed for broader adoption across diverse research disciplines. In
the future, its integration with other systems biology tools could
accelerate the understanding of symbiotic signaling, niche adapta-
tion, and microbial interactions under diverse environmental
conditions. Perhaps most compelling is its potential to transiently
modify fungal traits without altering fungal or plant genomes in
sustainable agricultural strategies; this could play a pivotal role in
shaping resilient crop–microbe partnerships. It is time for the AMF
community to embrace SIGS as a core methodology.
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