
COMMENTARY

Insights into pollen–stigma recognition: self-incompatibility
mechanisms serve as interspecies barriers in Brassicaceae?
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Abstract A new study provides a comprehensive molecular mechanism that controls interspecific incompatibility
of self-incompatible (SI) plants in the Brassicaceae. This finding points to a potentially promising path
to break interspecific barriers and achieve introgression of desirable traits into crops from distant
species among SI crops in the Brassicaceae.
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One of the biggest challenges in plant breeding is the
difficulty to develop new crop cultivars, through
hybridization between two different species, due to the
presence of reproductive barriers. Therefore, under-
standing the molecular mechanisms controlling these
reproductive barriers is of profound importance. In
recent years, many studies have focused on the prezy-
gotic barriers, which are mediated by pollen-pistil
interactions, to identify targets and methods for over-
coming these barriers.

Pollen grains encounter three reproductive check-
points as they interact with the pistil: the stigma, the
transmitting tract, and the ovule. The recognition of
pollen by the stigma constitutes the first crucial recog-
nition step in this process. The molecular mechanism
underlying the self-incompatibility (SI) response, at the
stigma, has been well elucidated in various plant spe-
cies. Within the Brassicaceae, the hydration and germi-
nation of self-pollen are prevented by a ligand–receptor
interaction between the pollen-expressed S-locus cys-
teine-rich protein/S-locus protein 11 (SCR/SP11) and
its receptor, the stigma-expressed S-locus receptor
kinase (SRK) (Kachroo et al. 2001; Nasrallah 2019;

Shimosato et al. 2007; Takayama et al. 2001). Several
components, including the M-locus protein kinase
(MLPK) and ARM-repeat containing 1 (ARC1) E3 ubiq-
uitin ligase, have been identified as direct downstream
effectors of SRK (Gu et al. 1998; Murase et al. 2004).
Although the MLPK has been identified as a positive
regulator of the SI response, in Brassica rapa (B. rapa),
yet its specific functions and requirement throughout
the Brassicaceae remain unclear. In contrast, ARC1 is
phosphorylated by SRK and targets proteins required
for compatible (CP) responses for degradation, thereby
blocking the hydration and metabolic activation of self-
pollen.

Reactive oxygen species (ROS) levels in stigmas also
experience alterations after pollination in SI species
(Zhang et al. 2021). Basal ROS levels in the stigma
decrease following cross-pollination in SI species, but
increase significantly after self-pollination, playing a
critical role in mediating the inhibition and rejection of
incompatible pollen. It has been reported that the
alteration of ROS levels, during the SI response, is reg-
ulated by the stigma receptors SRK and a Catharanthus
roseus receptor-like kinase-like 1 (CrRLKL1) family
receptor, FERONIA (FER). In fact, suppressing the
expression of SRK or the FER homolog in B. rapa
effectively reduces stigmatic ROS and interferes with SI.
In contrast, little is known about pollen recognition at
the stigmas of SC plants. Recently, the ANJEA-FERONIA
receptor kinase complex, together with the RAPID
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ALKALINIZATION FACTOR (RALF) peptides, were
reported to act as an important stigmatic gatekeeper.
The pollen coat protein B-class peptides (PCP-Bs) from
the pollen competitively bind the ANJEA (ANJ)-FER
receptor kinase complex and promote pollen hydration
and germination, during which process ROS content also
plays important roles. Pollination, or PCP-Bs treatment,
reduces the content of stigmatic ROS and enables pollen
hydration (Liu et al. 2021). Nevertheless, it remains
unclear whether this molecular mechanism plays a role
in the establishment of interspecific barriers.

It has long been an interesting question to study the
role of SI systems in interspecific reproductive barriers.
The SI 9 SC rule, documented by Lewis and Crowe,
suggests that the self-incompatibility machinery can be
utilized in interspecific recognition (Lewis and Crowe
1958). However, there are exceptions to this rule, par-
ticularly in some plants from the Brassicaceae and
Poaceae families (Li et al. 2018; Sampson 1962). Thus,
whether and to which extent SI and hybridization bar-
riers overlap remains a long unanswered question. The
evidence to support a mechanistic overlap between SI
and hybridization barriers remains indirect. On one
hand, it was shown that a self-incompatible population
of A. lyrata not only rejected self-pollen but also rejected
interspecific pollen from three self-compatible species,
all of which were accepted by self-compatible A. lyrata
(Li et al. 2018). On the other hand, however, it was
reported in other studies that SI factors are not involved
in the barriers to hybridization on the stigma. Trans-
formation of self-compatible A. thaliana with the male
(SCR) and female (SRK) S-determinants of self-incom-
patible A. lyrata produces a full allele-specific SI
response, but does not lead to pollen rejection of A.
thaliana (Nasrallah 2002), suggesting that additional
mechanisms are required for the observed hybridization
barrier between these two species. Moreover, in A.
thaliana, a stigmatic plasma membrane-localized pro-
tein, STIGMATIC PRIVACY 1 (SPRI1), was identified as
an interspecies incompatibility factor that functions in
an SI-independent manner (Fujii et al. 2019). Therefore,
the current understanding of self-incompatibility sug-
gests that a SI mechanism possibly plays a role in
interspecific reproductive barriers, and that unknown
downstream signaling or regulatory components are
shared between the self-incompatibility and inter-
species pollen rejection pathways. It is also clear that
other SI-independent mechanisms are also essential for
the establishment of the stigmatic reproductive barrier.

The recent paper ‘‘Stigma Receptors Control Intras-
pecies and Interspecies Barriers in Brassicaceae’’, pub-
lished in Nature (Huang et al. 2023), sheds light on the
molecular mechanisms behind interspecific

incompatibility in the Brassicaceae. The study estab-
lished that the regulators involved in an SI response also
participate in the recognition of interspecies pollen in
the Brassicaceae. The authors provided evidence that, in
SI species (e.g., B. rapa), the pollen determinant SCR/
SP11, or signals from interspecies unilaterally incom-
patible (UI) pollen, bind to the stigmatic SRK receptor,
and then recruits the receptor FER, which activates ROS
production in the stigma, thereby aiding in the rejection
of self-pollen or interspecies pollen (Fig. 1).

The results of this study provide important insights
into the molecular mechanisms underlying the regula-
tion of intraspecific and interspecific barriers of SI
plants in the Brassicaceae. Specifically, the authors have
shown that the stigmatic receptors, SRK and FER, are
integral to both types of barriers in the self-incompati-
ble species B. rapa. The role of redox conditions, in the
stigma, in determining the fate of pollen is also high-
lighted in this study. Here, they established that ROS
levels increase significantly in response to both self-
pollen and interspecific pollen, but decrease in response
to compatible pollen in both self-incompatible and self-
compatible species. In addition, regulation of ROS levels
is dependent on the function of the receptor FER. These
findings point to new opportunities for cross breeding
in Brassicaceae crops by manipulating the components
involved in pollen-stigma recognition, such as reducing
ROS levels, increasing NO levels, or disrupting the

Fig. 1 Schematic diagram of intraspecific and interspecific barrier
establishment in SI species Brassica rapa. In stigmas from SI
species, the intraspecies self-incompatible pollen (SI pollen) is
rejected by SCRs-SRKs/FER activated ROS, and the rejected
interspecies unilaterally incompatible pollen (UI pollen) also
activates ROS via the interaction between unknown signals from
UI pollen and SRKs-FER
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BrSRK–BrFER interaction and BrFER-to-BrRBOH sig-
naling. Breaking the stigmatic barrier to achieve inter-
specific and intergeneric fertilization, in the SI plant B.
rapa, represents a major breakthrough in crop
improvement.

However, there remain several key unresolved issues
that require further clarification. This study emphasizes,
once again, the crucial role played by ROS in the
recognition of pollen by the pistil. The study reveals that
in SI plant species from the Brassicaceae, interspecies
pollen is rejected through the activation of the SI-de-
pendent increase of ROS production. Here, it should be
noted that distinct SI mechanisms are employed in dif-
ferent plant species, such as those observed in the
Papaveraceae and Solanaceae families (Takayama and
Isogai 2005; Wilkins et al. 2014), and it remains to be
determined whether ROS levels play a critical role in
establishing the interspecific barriers in all these dif-
ferent plant families. In addition, ROS has been reported
to play an important role in the SI response (Zhang et al.
2021) in SI plants as well as in pollen hydration in SC
plants (Liu et al. 2021).

Based on the conclusions from these studies, two
important questions that need to be answered. The first
is what is the exact role of ROS in inhibiting incompat-
ible pollen? The second is what cellular events are
affected by ROS that are necessary for pollen hydration
and germination? We assume that another potential
downstream component in pollen-stigma recognition is
Ca2?. Notably, the cytoplasmic Ca2? levels in papilla
cells undergo a remarkable increase after self-pollina-
tion, in SI responses, whereas only occasional and
minimal increases in cytoplasmic Ca2? levels were
observed after cross-pollination (Iwano et al. 2015).
Stigmatic Ca2? is also implicated downstream of the
SP11/SCR-SRK interaction, as the interaction between
SP11/SCR and SRK triggers an increase in cytoplasmic
Ca2? in papilla cell protoplasts (Iwano et al. 2015).
Whether Ca2? is part of the interspecific barriers, and
whether the role of Ca2? is like that for ROS, remains an
open question.

Another key challenge is the identification of the new
signals involved in the establishment of a stigmatic
reproductive barrier. Although it was shown that pro-
teins, extracted from UI pollen, enhance the BrSRK46
interaction with BrFER1, and increase the production of
ROS, it is still unclear whether the signal is an entirely
different signal or a signal similar to SCR/SP11. The
authors determined that, in the SC species A. thaliana,
the higher binding affinity of stigmatic receptor AtFER
to the intraspecific AtPCP-Bc, rather than the inter-
specific BrPCP-Bc, led to a more rapid hydration of
pollen and longer pollen tubes, upon intraspecific

pollination, revealing the vital role of FER in the
establishment of the interspecific barrier.

Given that the events occurring at the pollen–stigma
interface include pollen adhesion, hydration, pollen tube
germination, penetration of the stigmatic cuticle, and
growth into the transmitting tissue, and that PCP-Bs are
only the signals involved in pollen hydration (Liu et al.
2021; Wang et al. 2017), it is therefore reasonable to
predict the existence of additional signals involved in
the other events that are potentially important to serve
as interspecific barriers (Zhong et al. 2019). The dis-
covery of novel signals would facilitate a better under-
standing of the pollen–stigma recognition, which
provides new reproductive barriers for us to break for
agriculture utility. While the reproductive barrier was
partially alleviated in SI plants, via the reduction in ROS
levels, or disruption of the BrSRK-BrFER interaction, the
mutation of either SRK or FER receptors could not fully
break the interspecific barrier. Therefore, there must be
other mechanisms involved in interspecific pollen
recognition that are yet to be discovered, particularly
those SI-independent mechanisms in the SC plants.

It is important to note that, prezygotic barriers
include not only pollen recognition, by the pistil, but
also pollen tube guidance, as well as reception, by the
synergid cells (Hater et al. 2020). Breaking each of these
barriers is essential for achieving interspecific
hybridization. Key factors that play a role in pollen tube
guidance and reception have been identified (Escobar-
Restrepo et al. 2007; Liu et al. 2013; Okuda et al. 2009;
Takeuchi and Higashiyama 2016; Zhong et al. 2019;
Zhong et al. 2022; Zhong and Qu 2019), and manipu-
lation of these factors will significantly improve the
efficiency of breaking corresponding reproductive bar-
riers. In addition, future studies should focus on the
signals involved in the male–female interaction, i.e., to
identify more recognition-involved signals. Despite
these unresolved questions, the findings reported by
Huang et al. (2023) have significant implications for the
field and will help deepen our understanding of pollen–
stigma recognition and offer new targets for the dis-
mantling of reproductive barriers.

Data availability Data sharing not applicable to this article as no
datasets were generated or analysed during the current study.
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