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Abstract

Key message We highlight the emerging role of the R. solani novel lipase domain effector AGLIP1 in suppressing
pattern-triggered immunity and inducing plant cell death.

Abstract The dynamic interplay between plants and Rhizoctonia solani constitutes a multifaceted struggle for survival and
dominance. Within this complex dynamic, R. solani has evolved virulence mechanisms by secreting effectors that disrupt
plants’ first line of defense. A newly discovered effector, AGLIP1 in R. solani, plays a pivotal role in inducing plant cell death
and subverting immune responses. AGLIP1, a protein containing a signal peptide and a lipase domain, involves complex
formation in the intercellular space, followed by translocation to the plant cytoplasm, where it induces cell death (CD) and
suppresses defense gene regulation. This study provides valuable insights into the intricate molecular interactions between

plants and necrotrophic fungi, underscoring the imperative for further exploration in this field.
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Introduction

The interaction between plant and pathogens is a multifac-
eted process, facilitated by the pathogen-derived compounds
essential for their pathogenicity, as well as plant-derived
compounds responsible for pathogen recognition. The necro-
trophic pathogen R. solani acquires nutrients from plants
by secreting a wide range of cell wall-degrading enzymes
(CWDEs), and various toxins (Chen et al. 2017), and sub-
sequently colonizes plant cells following necrotic killing.
However, plant immune systems are complex networks of
receptors, and signaling and defensive pathways that consist
of constitutive and induced defense mechanisms to coun-
teract R. solani (Singla et al. 2024). Among these battles
for survival and dominance, R. solani has evolved virulence
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strategies through the secretion of effectors that disrupt
plants’ first line of defense (pattern recognition receptors),
inhibit the production of antimicrobial compounds, modu-
late plant immune responses, and trigger plant cell death
(CD) (Li et al. 2019; Niu et al. 2021). Effectors are pre-
dominantly proteinaceous in nature and play a crucial role
in plant—pathogen interactions, facilitating pathogen colo-
nization, nutrient acquisition and interference with various
nuclear processes. Unlike bacteria, fungi lack a secretion
system and deliver their effectors through direct penetration
of haustoria (specialized structures) into host cells.

Fungal effectors are mainly nonenzymatic and cysteine-
rich proteins with signal peptides, although some are enzy-
matic proteins or other molecules, such as toxins, secondary
metabolites, and SRNAs that disrupt plant metabolism and
immune responses (Pradhan et al. 2021). These effectors
are categorized based on their localization in plant cells as
extracellular (apoplastic) or intracellular (cytoplasmic) (Har-
ris et al. 2023). Extracellular effectors are secreted into the
plant cell apoplast, while intracellular effectors are directly
translocated into the plant cell cytoplasm and further sub-
categorized by their compartment, such as nuclear, cytoplas-
mic, chloroplast and mitochondrial effectors (Harris et al.
2023; Pradhan et al. 2021). Nuclear effectors disrupt various
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nuclear processes, including transcription machinery, host
epigenetic modifications, altered gene expression, and splic-
ing, and some target histones and immunity-associated host
proteins to facilitate pathogen colonization (Harris et al.
2023).

Upon infection by biotrophic and hemibiotrophic patho-
gens, plants activate two lines of defense: pattern-triggered
immunity (PTI), and effector-triggered immunity (ETI). PTI
is the initial response, initiated when pattern recognition
receptors (PRRs) recognize pathogen-associated molecular
patterns (PAMPs), triggering a broad-spectrum but rela-
tively weak immune response. In contrast, ETI is induced
when plant resistance (R) proteins recognize highly variable
pathogen molecules, known as avirulence (Avr) effectors,
resulting in a rapid and robust hypersensitive response (HR)
(Shao et al. 2021). However, the effectors in necrotrophs
hijack these plant defense responses to promote pathogen-
esis, manipulate plant signaling pathways, suppress immune
responses and induce plant CD (Shao et al. 2021). This
multifunctional role of effectors has characterized them as
“double-edged sword”, leading to the extraordinary adapt-
ability of pathogens in the ever-evolving arms race (Pradhan
et al. 2021). The mechanism by which effectors induce CD
is unclear, but it has been suggested that signal peptides
(SPs) protect effectors from being recognized by extracel-
lular PRRs in the plasma membrane. After being secreted
into the secretion in intracellular space, effectors translocate
into the plant cell cytoplasm, where they are recognized by
cytoplasmic receptors, triggering CD and permitting necro-
trophs to acquire nutrients from dead cells. This phenom-
enon is termed effector-triggered susceptibility (ETS) (Shao
et al. 2021). Previously, several effector proteins containing
a lipase domain were identified to regulate nematotoxicity
and inhibit plant defense response activity (Bliimke et al.
2014; Tayyrov et al. 2021); however, a recent study reported
a novel lipase domain effector AGLIP1, which promotes dis-
ease progression and induces CD in plants (Li et al. 2019).
The CD in plants, an outcome of the plant R- gene response
to the Avr- gene of biotrophic pathogens (gene-for-gene
model), has been intensively studied. However, in necro-
trophs, these effectors operate in an inverse gene-for-gene
model, where the effector gene product interacts with the
corresponding host susceptibility gene, resulting in host sus-
ceptibility. This hijacking of plant CD through effectors in
necrotrophic pathogens is still being revealed.

Interestingly, a recent study by Li et al. (2019) revealed
a novel R. solani effector that promotes cell death in plants
and suppresses PTI. There are four key points of this study:
(1) AGLIP1 is a putative effector in R. solani and has the
ability to trigger cell death in Nicotiana benthamiana and
rice; (2) the signal peptide—AGLIP1-lipase domain com-
plex (SP-AGLIP1-LP) regulates CD-elicitation; (3) AGLIP1
acts upstream in the endoplasmic reticulum (ER) of N.
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benthamiana and rice to promote plant CD; and (iv) ectopic
expression of AGLIP1 promotes virulence and suppresses
PTI in transgenic Arabidopsis thaliana.

The role of SP-AGLIP1-LP in triggering plant
cell death

Using heterologous transient expression analysis, Li et al.
(2019) identified a novel putative effector, AGLIP1, as
an inducer of plant CD both in N. benthamiana and rice.
To classify the AGLIP1 effector, the authors used Pfa and
BLAST searches against NCBI databases. AGLIP1 encodes
a 302 amino acid protein containing an N-terminal SP and
a C-terminal lipase domain with enzymatic active sites at
S174 and D230, which are essential for inducing cell death
in both N. benthamiana and rice. To further investigate
whether CD is induced by HR or by cellular toxicity, the
authors analyzed the expression of the ETI marker genes
NbPR1 and NbHsr203J and found no significant differences
in the DEX-induced expression of AGLIP1. These findings
indicate that AGLIP1-induced plant CD may be due to cel-
lular toxicity rather than HR.

To predict the role of the lipase active sites and SP of
AGLIP1 in inducing plant cell death, the authors performed
site-directed mutagenesis by splicing overlap extension
(SOE) of the conserved lipase domain active sites. Expres-
sion analysis revealed that the mutants AGLIP15!74A
AGLIP1P?3%A and AGLIP1™P? (lacking SP) were unable
to induce cell death in N. benthamiana. However, when
recombinant plasmids containing the AGLIP1 sequence
and its variant with a luciferase protein driven by the cauli-
flower mosaic virus 35S promoter were tested in rice proto-
plasts, no inhibitory effect was detected for AGLIP18174A
AGLIP1P230A or AGLIP1NSP, while other variants exhibited
low luciferase activity (Li et al. 2019). These findings dem-
onstrate that the lipase domain active sites S174 and D230
and the SP protein produce a complex of SP-AGLIP1-LP,
which regulates CD- elicitation in plants and functions in
the intercellular space to prevent recognition of the effec-
tor by PRRs in the plasma membrane. However, Li et al.
(2019) reported that AGLIP1 localized to the endoplasmic
reticulum (ER) in both N. benthamiana and rice cells. Simi-
larly, two other novel effectors, RsSCR10 (a small cysteine-
rich protein) and RsIA_NPS8 from R. solani AG1 IA, are
SP dependently induced cell death and oxidative bursts in
tobacco and rice (Niu et al. 2021; Wei et al. 2020). In plant
cells, the effector complex SP-AGLIP1-LP translocates
into the plant cytoplasm and strongly recognized by plant
cytoplasmic receptors, which triggers CD (Fig. 1). These
necrotic killing benefits the pathogen by facilitating the colo-
nization and acquisition of nutrients from dead plant tissues
(Liet al. 2019). These findings suggest that the necrotrophic
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Fig.1 Conceptual model of the effector AGLIP1 in Rhizoctonia
solani, illustrating its role in inducing necrotic cell death (CD) and
suppressing pattern-triggered immunity (PTI) in plants. AGLIP1, a
lipase domain effector, contains two active sites: S174 and D230 at
the C-terminus and SP proteins at the N-terminus, which function in
the intercellular space to prevent recognition by plasma membrane
PRRs and suppress plant PTI. Subsequently, AGLIP1 translocates

fungus R. solani has evolved a mechanism of effector-medi-
ated hijacking of the plant CD for its own benefit.

The role of the lipase domain effector
AGLIP1 in suppressing PTI

Several effector proteins containing a lipase domain includ-
ing, CLT1 and CLT2 in the model mushroom Coprinopsis
cinerea, and FGL1 in Fusarium graminearum to function
as nematotoxic agents (Tayyrov et al. 2021) and suppress
plant defense responses (Bliimke et al. 2014). Recently, Li
et al. (2019) reported a novel lipase domain effector protein,
AGLIPI1, which encodes a 302 amino acid protein contain-
ing an N-terminal SP and a C-terminal lipase domain with
enzymatic active sites at S174 and D230. More importantly,
the plant immunity-suppressing activity of AGLIP1 was
confirmed by Agrobacterium-mediated transformation of
AGLIP1-expressing transgenic Arabidopsis lines using a
DEX-inducible promoter, which expressed four PAMPs-
induced defense genes, Atlg51890 (leucine-rich repeat),
At2g17740 (cysteine/histidine-rich C1 domain family
protein), At5g57220 (a member of CYP81F) and FRK1
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into the plant cytoplasm and localizes to the endoplasmic reticu-
lum (ER), where it performs multiple functions. In the cytoplasm,
AGLIP1 is intensely recognized by plant cytoplasmic receptors, lead-
ing to the initiation of CD, which benefits the pathogen by facilitating
colonization and enabling the acquisition of nutrients from dead plant
tissues. Figure created with BioRender.com

(Flg22-induced receptor like kinase 1). Surprisingly, the
expression of the PR genes induced by flg22 and chitin was
suppressed in all the transgenic lines. These findings indi-
cate that AGLIP1 enhances the virulence of R. solani by
suppressing PTI. Furthermore, transgenic Arabidopsis lines
ectopically expressing AGLIP1 and inoculated with Pseu-
domonas syringae pv. tomato (Pst) DC3000 hrcC mutant
completely inhibited defense gene regulation and facilitated
bacterial multiplication and the development of disease
symptoms. However, AGLIP1 was cytotoxic to rice and N.
benthamiana and was found to be ineffective in Arabidopsis.
These findings suggest that the effector AGLIP1 performs
multiple functions in plant cells.

Concluding remarks and future perspectives

A groundbreaking study by Li et al. (2019) revealed a novel
lipase domain, AGLIP1, which enhances the virulence of
R. solani by promoting successful infection and coloniza-
tion and inducing plant cell death. AGLIP1 encodes a 302
amino acid protein with an N-terminal SP and a C-termi-
nal lipase domain, both of which are required for inducing
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plant cell death. These findings challenge previous assump-
tions about the simplicity of necrotrophic pathogenesis
and underscore the importance of proteinaceous effectors
in fungal pathogenicity. This study also represents a sig-
nificant advancement in our understanding of the molecu-
lar mechanisms underlying the interaction between plants
and necrotrophic fungi such as R. solani. Recent advances
in molecular biology, plant pathology and bioinformat-
ics have revealed a more complex picture of necrotrophic
pathogenesis, with the discovery of various virulence fac-
tors in pathogens. Despite the significant crop losses caused
by necrotrophic fungi worldwide, our understanding of the
arms race between necrotrophic fungi and plants is improv-
ing. This finding offers potential insights for disease control
strategies using CRISPR/Cas, RNAi, and small RNA tech-
nologies, highlighting the need for further investigation into
effector-mediated plant—fungal interactions. These findings
are expected to make significant contributions to the field
of plant and necrotrophic fungal interactions, advancing our
knowledge of fungal biology and enhancing our ability to
develop effective disease management strategies.
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