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Plants have acquired an innate immune system to fight
pathogens and secure their survival. Plant innate immunity can
be divided into two theoretical concepts depending on where
the response initiates; pattern-triggered immunity (PTI) is acti-
vated on the cell surface, and effector-triggered immunity (ETI)
in the cytoplasm. PTI is mediated by surface-localized pattern
recognition receptors (PRRs) and their co-receptors, which rec-
ognize a microbe-associated molecular pattern—a molecular
signature commonly found in awide rangeofmicrobes (Boutrot
and Zipfel 2017). On the other hand, cytoplasmic receptors
called NLR proteins mediate ETI through the recognition of an
effector, a microbial molecule directly injected into the host
cells that interferes with the host immune responses (Jones
et al. 2016). While plants exploit both PTI and ETI depending
on surrounding conditions to achieve efficient immunity, our
understanding of the interactions between these two layers of
immunity remains obscure.

PTI and ETI Crosstalk in Plant Innate
Immunity

The molecular mechanisms and outputs of PTI and ETI have
been extensively studied during the last two decades. It is now
well established that ETI provides more robust and sustain-
able immune responses. PTI and ETI share many downstream
responses, and recent studies have suggested that PTI and ETI
converge at downstream signaling components (Lu and Tsuda
2021). For example, PTI components are necessary for full
exploitation of ETI, and vice versa, showing that the interlink
between PTI and ETI is crucial for the overall plant immune
network (Ngou et al. 2021, Pruitt et al. 2021, Tian et al. 2021,
Yuan et al. 2021). However, to date, the molecular mechanisms
by which ETI and PTI interact remain unclear. PTI and ETI can
occur simultaneously under natural conditions and disentan-
gling PTI–ETI interactions is of critical importance toward a
more comprehensive understanding of plant–microbe interac-
tions.

In rice, a Rho-family small GTPase named OsRac1 is one
of the components shared between PTI and ETI mediated by
a PRR OsCERK1 and an NLR Pit, respectively (Kawano and
Shimamoto 2013). Specifically, OsRac1 interacts directly with

Pit and indirectly with OsCERK1 via Hop/Sti1-Hsp90 molecu-
lar chaperones to form immune receptor complexes (Kawano
et al. 2010, Akamatsu et al. 2013), but whether OsCERK1 and
Pit form part of the same protein complex remained unclear.
BothOsCERK1-mediated perception of chitin and Pit-mediated
perception of fungal effectors activate OsRac1, thereby recruit-
ing downstream signaling components. This OsRac1 activation
is essential for both PTI and ETI to trigger immune outputs,
such as activation of MAP kinase cascade and production of
lignin and reactive oxygen species, demonstrating that OsRac1
is an important hub for the rice innate immune network. How-
ever, it remained unclear how OsRac1 behaves under PTI and
ETI conditions to regulate these two distinctive branches of rice
immunity.

OsRac1 is the Convergence Point for PTI and
ETI in Rice

In this issue, Akamatsu et al. (2021) describe the behav-
ior of OsRac1 during OsCERK1- and Pit-mediated immune
responses. First, the authors asked a very simple question of
whether OsCERK1, Pit, and OsRac1 are in the same protein
complex in the absence of immune elicitors. By performing
co-immunoprecipitation and BiFC experiments, they showed
that (i) OsCERK1 interacts with OsRac1 via Hop/Sti1 but
not with Pit and (ii) Pit interacts with OsRac1 but not with
OsCERK1. They also showed that OsCERK1 and Pit immune
complexes contained distinct sets of overlapping proteins (e.g.
OsRac1). These complexes are targeted to the plasma mem-
brane through different transport machinery, pointing to inde-
pendent assembly processes. Overall, these results demonstrate
that OsRac1 forms two independent protein complexes either
with PRR OsCERK1 or NLR Pit under elicitor-free conditions
(Fig. 1). This raised the question of whether OsCERK1-OsRac1
and Pit-OsRac1 complexes remain stable during the activa-
tion of OsCERK1-mediated PTI. Interestingly, upon elicitation
of PTI by chitin treatment or ETI by induced expression of a
constitutively active form of Pit, the authors observed a shift
from low-molecular-weight to high-molecular-weight status of
the OsRac1-containing protein complexes, revealing a dynamic
remodeling that takes place during these distinct immune
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Fig. 1OsRac1 forms distinctive immune receptor complexes eitherwith the PRROsCERK1 (green) or theNLRPit (magenta). Upon elicitation of PTI
by chitin treatment or ETI by induced expression of a constitutively active formof Pit, OsRac1 dissociates from immune receptors and re-assembles
into a high-molecular-weight protein complex (blue arrows), likely recruiting immunemediators that are responsible for the downstream immune
outputs. It remains an intriguing open question as to how the similar activation of OsRac1 during PTI and ETI can initiate distinct branches of
immunity with specific immune outputs. High-molecular-weight OsRac1 complex might interact with a different set of proteins (grey) during
PTI and ETI to trigger different responses. Alternatively, it is also plausible that an OsRac1-independent pathway interacts with OsRac1 and/or its
downstream factors to fine-tune the outputs for each immune branch (green and magenta dotted arrows).

responses. They also showed that this remodeling was cou-
pled with activation of OsRac1 followed by its dissociation from
its respective immune receptors. Strikingly, the activation of
OsCERK1-triggered immunity also inducedOsRac1dissociation
from the Pit complex, while the activation of Pit-triggered
immunity induced dissociation of OsRac1 from the OsCERK1
complex, implying that activation of either PTI or ETI alone can
release OsRac1 from both immune receptor complexes.

The present study by Akamatsu et al. (2021) has not only
revealed where PTI and ETI converge upon rice infection with
a fungal pathogen but has also opened up a series of fur-
ther questions (indicated by the question marks in Fig. 1).
For example, it remains elusive how OsRac1—the convergent
point for PTI and ETI—can be responsible for the distinctive
immune outputs. The authors showed that Hsp90, one of
the shared components of OsCERK1-OsRac1 and Pit-OsRac1
immune receptor complexes, is essential for Pit-mediated ETI.
Combined with a previous study showing the crucial role of
Hsp90 in OsCERK1-mediated PTI (Chen et al. 2010), OsRac1
and Hsp90 in these distinctive immune complexes are required
for both PTI and ETI. These results suggest that OsCERK1-
OsRac1 and Pit-OsRac1 immune receptor complexes act as
reservoirs of inactive OsRac1 to readily release the active form
of OsRac1 upon PTI and ETI (within 10 min in the case of
PTI). Notably, the molecular behavior of OsRac1 described in
this study, including dissociation from the immune complexes
and reassembly into a high-molecular-weight protein complex,

appeared surprisingly similar in both PTI and ETI contexts. Thus,
an additional factor is likely needed to explain the molecular
mechanisms by which OsRac1 regulates two distinctive
immune branches.

How does OsRac1 Regulate Both PTI and ETI
to Exhibit Distinctive Immune Outputs?

Onepossible scenario is that the high-molecular-weightOsRac1
complexes formed under PTI and ETI conditions are distinctive
in their components and/or subcellular localization. Compar-
ing the biochemical and cellular characteristics of the OsRac1
complexes after elicitation of PTI and ETI would be helpful to
test this possibility. Alternatively, anOsRac1-independent path-
way downstream of OsCERK1 or Pit activation might interact
with the OsRac1-dependent pathway to fine-tune the outputs
for each immune context. A comparative transcriptomic anal-
ysis of plants under ETI- and PTI-eliciting conditions, in the
presence and absence of OsCERK1, Pit, and/or OsRac1, should
help disentangle OsRac1-dependency of the different immune
responses.

Another significant finding described by Akamatsu et al.
(2021) is that activation of the OsCERK1–OsRac1 complex
affects the integrity of the Pit–OsRac1 complex and vice versa.
This showed that PTI and ETI in rice mutually exert influence at
the receptor level without direct physical interactions, in addi-
tion to their convergence at the point of OsRac1 activation.
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Dissociation of OsRac1 from Pit was observed within 10 min of
chitin treatment, pointing to dynamic post-translational regula-
tion of the Pit–OsRac1 complex triggered by OsCERK1–OsRac1
activation. This is in contrast to recent studies usingArabidopsis
thaliana, which demonstrate that ETI induces the accumulation
of transcripts and proteins of PTI components (Ngou et al. 2021,
Yuan et al. 2021) and that PRRs and NLRs form a supramolecu-
lar complex (Pruitt et al. 2021, Tian et al. 2021) to synergistically
activate immune responses. The finding described byAkamatsu
et al. (2021) that OsRac1 can form a multitude of different
protein complexes depending on the surrounding conditions
implies that precise regulation of OsRac1 and its interaction
with other proteins plays a crucial role in PTI, ETI and their
coordination. Further investigation ofOsRac1 and its regulation
upon PTI and ETI activation could substantially advance our
understanding of how the rice immune network is intrinsically
coordinated.
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