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Plants depend on both preformed and inducible defence responses to defend themselves against biotic stresses
stemming from pathogen attacks. In this regard, plants perceive pathogenic threats from the environment through pattern
recognition receptors (PRRs) that recognise microbe-associated molecular patterns (MAMPs), and so induce plant
defence responses against invading pathogens. Close to thirty PRR proteins have been identified in plants, however, the
molecular mechanisms underlying MAMP perception by these receptors/receptor complexes are not fully understood. As
such, knockout (KO) of genes that code for PRRs and co-receptors / defence-associated proteins is a valuable tool to
study plant immunity. The loss of gene activity often causes changes in the phenotype of the model plant, allowing in vivo
studies of gene function and associated biological mechanisms. Here, we review the functions of selected PRRs,
brassinosteroid insensitive 1 (BRI1) associated receptor kinase 1 (BAK1) and other associated defence proteins that have
been identified in plants, and also outline KO lines generated by T-DNA insertional mutagenesis as well as the effect on
MAMP perception - and triggered immunity (MTI). In addition, we further review the role of membrane raft domains in
flg22-induced MTI in Arabidopsis, due to the vital role in the activation of several proteins that are part of the membrane
raft domain theory in this regard.
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| 1. Well-Studied MAMP Perception System(s)
1.1. Bacterial MAMPs
1.1.1. Flagellin Perception

Flagellin is the main protein component of bacterial flagella, that acts as a MAMP in both plants and animals. Plants have
a notably sensitive perception system for the highly conserved domain in the N-terminus of eubacterial flagellin 2. The
perception thereof, and particularly the N-terminus flagellin peptides, flg22 and flg15 from Pseudomonas syringae pv.
tabaci, lead to the alkalinisation of the culture medium in suspension-cultured cells of Lycopersicon peruvianum (a wild
relative of tomato), A. thaliana, potato and tobacco respectively . Flagellin from the rice-incompatible strain, N1141 of P
avenae, was also shown to induce the hypersensitive cell death and accumulation of EL2 mRNA (elicitor-responsive
gene) in cultured rice cells 2. As mentioned, FLS2 is a LRR-RLK involved in the perception of the bacterial flagellin and
immune responses in A. thaliana B4, Furthermore, the recognition of bacterial fig22 by Arabidopsis FLS2 induces a
FLS2-BAK1 complex formation and triggers defence signalling B, By using chemical cross-linking and
immunoprecipitation techniques, Chinchilla et al. [ showed that the specificity of flagellin perception and immune
responses is mediated by the binding of FLS2 to flg22 in A. thaliana. The fls2 mutants carrying T-DNA insertion in the
flagellin receptor gene FLS2 were more susceptible to Pst DC3000 compared to the wildtype (WT) . Upon flg22
treatment, FLS2 mutants (fls2-101), generated by the insertion of T-DNA at the third FLS2 exon, showed impaired binding
of the fig22 and reduced seedling growth inhibition [,

As stated, flg22 induces a FLS2-BAK1 complex in a ligand-dependent manner, and leads to defence responses in A.
thaliana 1. This study showed that although BAKI mutants (bak1-3 and bak1-4 with T-DNA inserted in 5™ intron and 9™
exon, respectively) were defective in an oxidative burst generation, they did not affect the binding of flg22 to FLS2.
Furthermore, flg22 induces recruitment of the U-box E3 ubiquitin ligases (PUB12 and PUB13), previously mentioned, to
the FLS2-BAK1 complex and this causes FLS2 degradation and the concomitant attenuation of immune signalling in
Arabidopsis [&. Here, there was a decrease in FLS2 ubiquitination and Pst DC3000 infection in mutant plants (pub12-2,
publ3 and pub12/13 double knockout), compared to WT controls. A recent study has furthermore shown that flagellin-
sensing 3 (FLS3) directly and specifically binds flgll-28 (a second flagellin epitope distinct from flg22), which enhances
immune responses in tomato 29, Finally, it is also important to note that BAK1 is involved in the defence signalling
activities of both FLS2 and FLS3 [41120],



1.1.2. EF-Tu Perception

Elongation factor-thermo unstable (EF-Tu), a prokaryotic elongation factor involved in the synthesis of proteins, is a
bacterial MAMP that is recognised by the LRR-RLK, EFR, in Arabidopsis 1. N. benthamiana normally lacks EF-Tu
responsiveness, but achieved the ability to recognise the MAMP when EFR was transiently expressed in the plant 21,
Kunze et al. 2 showed that EFR binds directly to the acetylated N-terminus epitope of elf18 (the first amino acids of EF-
Tu) and elicits innate immunity in Arabidopsis and other Brassicaceae species. The first acetylated 12 N-terminal amino
acids (elf12) were, however, not able to elicit an immune response, but rather acted as a specific antagonist of elf18 12,
Interestingly, even though EF-Tu induces MTI in rice, the elfl8 peptide failed to trigger an immune response. However,
another epitope, EFa50 (50-amino acid from central region of EF-Tu comprising Lysl76 to Gly222) induced MTI
responses, although the related PRR is still unknown 23 Rice leaves treated with EFa50 induced early defence
responses such as increased H,O, and callose deposition, and triggered resistance to coinfection with pathogenic
bacteria. In this regard, Arabidopsis EFR T-DNA insertion mutants (efr-1 and efr-2), with both T-DNAs inserted in 15' exon,
were insensitive to EF-Tu and susceptible to the bacterium Agrobacterium tumefaciens 1 (Table 1). In fact, efr mutants
did not show typical growth inhibition as for the WT, increased oxidative burst and ethylene biosynthesis or induced
resistance to Pst DC3000 upon EF-Tu treatment. Jeworutzki et al. 24 reported involvement of EFR and FLS2 in the Ca2*-
associated opening of plasma membrane anion channels during early bacterial flagellin and EF-Tu defence signalling in
Arabidopsis mesophyll cells. Using electrophysiological approaches, they showed that the efr-1 was defective in the
membrane potential depolarisation, which is indispensable for cytosolic calcium influx in response to elf18 treatment.

1.1.3. LPS Perception

LPS is an amphipathic molecule found on the outer membrane of Gram-negative bacteria and protects the organism
against antimicrobial compounds found in the environment 13I8l This MAMP is involved in the bacterial adhesion and
induction of defence-related responses in both mammals and plants 4. In the former, LPS recognition is orchestrated by
lipopolysaccharide binding protein (LBP), before recruitment into a complex comprising soluble myeloid differentiation
protein 2 (MD-2), membrane attached cluster of differentiation 14 (CD14), and the transmembrane Toll-like receptor 4
(TLR4), thereby leading to mammalian defence activation against LPS (819 | Bp and bactericidal/permeability-
increasing protein (BP!I) thus play a vital role in regulation of immune responses against LPS in mammals 2229, As such,
the mechanism by which LPS is recognised has been well-studied in animals, however, in plants, the mechanism of
perception and recognised moiety/epitope(s) of LPS is still debateable.

In this regard, LPS, as well as its lipid A moiety from Burkholderia cepacia, Xanthomonas campestris and P. syringae,
trigger the upregulation of genes involved in immunity and defence (21221231 wjith lipid A speculated to be the major elicitor
in A. thaliana 24, LPS has furthermore been shown to trigger defence responses, such as the generation of nitrogen
oxide (NO), ROS, elevation of cytoplasmic CaZ* concentration, stomatal closure and the expression of pathogenesis-
related (PR) genes in Arabidopsis, tobacco and rice suspension cells [221261127]128129] Ranf et al. [23] earlier reported that
LPS from Xanthomonas and Pseudomonas are sensed by the bulb-type (B-type) lectin S-domain (SD)-1 RLK
lipooligosaccharide-specific reduced elicitation (LORE) and that LORE mutants showed defects in the LPS-induced
elevation of cytosolic calcium, ROS and defence gene (AtFRK1) expression. Additionally, Shang-Guan et al. 24 reported
the existence of two ROS production phases, characterised by a weak initial and second stronger ROS generation in A.
thaliana. T-DNA insertion LORE mutants, however, showed little or no difference in second phase ROS production
compared with WT, suggesting another LPS receptor(s). In contradiction to the original LORE study, a recent report
implicated bacterial 3-hydroxy fatty acids in LORE-dependent induction of immune response in Arabidopsis BY. Here,
LORE could not sense LPS that was repurified to remove free 3-hydroxy fatty acids, indicating that LORE is not the
receptor for LPS.

Using B. cepacia LPS-affinity capture strategies, Vilakazi et al. 81 and Baloyi et al. 22! identified BAK1 and other defence
response proteins associated with the plasma membrane fraction in LPS-treated A. thaliana. Additionally, Arabidopsis
LBP/BPI related-1 (AtLBR-1) and LBP/BPI related-2 (AtLBR-2) were shown to bind to both rough and smooth LPS, and
regulate the expression of the pathogenesis-related 1 (PR1) gene (23, At BR T-DNA single mutants (Atlbr-1, Atlbr-2-1,
Atlbr2-2) and (Atlbr-DKO) double-knockouts, generated by crossing Atlbr-1 and Atlbr-2-1 plants, were defective in ROS
generation and in upregulation of LPS-induced PR1 expression. A transcriptome analysis revealed that AtLBR-2 plays an
indispensable role in the upregulation of 65 genes associated with defence responses upon Pseudomonas LPS treatment
B3l Furthermore, there was a defect in the upregulation of defence-related genes and salicylic acid (SA)-mediated
signalling in the Atlbr-2-1 mutants, compared to the WT after Pseudomonas LPS treatment.

Lastly, a recent study has reported OsCERKZ1, the chitin co-receptor, as an LPS receptor/co-receptor in rice, but not in A.
thaliana 4, This indicates a significant difference between LPS perception in rice and Arabidopsis.



1.1.4. Peptidoglycan Perception

Rice chitin elicitor-binding protein (CEBIiP) homologs in Arabidopsis, LYM1 and LYM3 RLPs, bind in a ligand-specific
manner to PGNs, heteropolymers that are part of the building blocks of the cell walls of Gram-negative and Gram-positive
bacteria 23, There was a significant expression of the immune marker gene, flagellin-induced receptor kinase FRK1, upon
treatment of Arabidopsis with PGNs from Gram-negative Pst DC3000 23, Homozygous T-DNA insertional mutants of
LYM1 and LYM3 showed a strongly reduced PGN-inducible marker gene expression and were more susceptible to Pst
DC3000 bacterial infection than the WT (Table 1). The same authors further reported the involvement of AtCERK1 in the
LYM1/LYMS3 perception of PGN and subsequent immune response in A. thaliana. Thus, AtCERK1 is the additional protein
that provides the cytoplasmic kinase domain that is lacking in the LYM1/LYM3 RLPs needed for the downstream
transphosphorylation of PGN signalling. The study suggests that Arabidopsis senses PGNs in a LYM1/LYM3 and
AtCERK1-dependent manner, similar to the chitin perception system in rice that uses OsCEBiP and OsCERK1 [=8],
Furthermore, the direct interaction of PGN with AtLYM1 and AtLYM3 has been reported, but not with AtCERK1 B3 n rice,
OsCERK1 associates with LysM motif-containing proteins (LYP4 and LYP6) in PGN-induced defence responses BZ38139],
Importantly, the putative ability of CERK1 to participate in the recognition and signalling of more than one MAMP supports
the hypothesis of the capability of one PRR/co-receptor to recognise more than one MAMP, which favours the generation
of transgenic crop plants with enhanced/altered recognition capabilities (2.

1.2. Fungal MAMPs
1.2.1. Chitin Perception

Chitin is a (1 - 4)-linked polymer of N-acetylglucosamine, a major structural component in the exoskeleton of arthropods
and cell walls of fungi 211, Chitin and its fragments (chitooligosaccharides) are MAMPs recognised by plants PRRs, which
elicit defence responses such as the oxidative burst, protein phosphorylation, transcriptional activation of defence-related
genes and phytoalexin biosynthesis 211421431 Kakuy et al. (42 isolated and characterised a chitin elicitor binding protein
(OsCEBIP), an RLP involved in the perception of chitin oligosaccharides in cultured rice cells. It was observed that
OsCEBIiP has two LysM motifs and a C-terminal transmembrane domain, however no intracellular kinase domain,
suggesting that it requires additional protein-partner(s) to perform a signal transduction role. In rice, the LysM receptor,
OsCEBIP, binds to the chitin oligosaccharide and forms a complex with OsCERK1 to trigger defence response [38.
Conversely, in A. thaliana, the LysM receptor, AtCERK1, directly binds to chitin, dimerises and triggers immune responses
24 |n the extracellular domain, OSCERK1 has one LysM motif, whereas AtCERK1 has three LysM motifs [S8I45] that
mediate the binding of chitin ¥4 There are five genes encoding LysM receptor-like kinases (LYKs), which are
comprised of LYK1 (CERK1) and LYK2 - LYK5, and three genes encoding LysM receptor-like proteins (LYPs) in the A.
thaliana genome 8, n this regard, LysM receptor-like kinase 1 (LysM RLK1) is involved in chitin signalling and fungal
resistance in Arabidopsis 42, A T-DNA insertion knockout mutant of LysM RLKI blocked the induction of
chitooligosaccharide-responsive genes (CRGs) by chitooligosaccharides and increased susceptibility to fungal pathogens,
but not bacterial pathogens. This was reversed when the mutant was complemented with the WT LysM RLK1 gene using
the cauliflower mosaic virus (CaMV) 35S promoter 2448 CERK1 KO mutants were unable to respond to chitin
oligosaccharide elicitors when compared to the WT that exhibited rapid generation of ROS in Arabidopsis 24,

LYK4 is another LysM-RLK involved in chitin signalling and plant immunity in A. thaliana, and possibly in the chitin
recognition receptor complex 29, [ YK4 mutants were defective in the activation of chitin-responsive genes and were also
susceptible to bacterial and fungal pathogen infection. Cao et al. 5Y showed that AtLYK5 binds chitin with higher affinity
and forms a chitin-induced complex with AtCERK1, thereby triggering immunity in A. thaliana. The higher affinity of
AtLYKS for chitin, compared to AtCERK1, also suggests the former to be the major chitin binding protein in Arabidopsis.
These authors BU further reported involvement of AtLYK5 in chitin-induced AtCERK1 phosphorylation and
homodimerisation 1. While Atlyk5-2 was significantly impaired in chitin signal responses, Atlyk4/Atlyk5-2 double mutant
resulted in a complete loss of chitin response, indicating an overlap of signal function between AtLYK5 and AtLYK4.

The LysM domain-containing glycosylphosphatidylinositol-anchored protein 2 (LYM2), one of the three CEBIiP homologs in
Arabidopsis, binds chitin and mediates a reduction in molecular flux via the plasmodesmata 2. AtCERK1 is not involved
in the chitin-mediated regulation of plasmodesmata flux, thereby suggesting the presence of an alternative novel disease
resistance mechanism in Arabidopsis 2258l Shinya et al. 24 showed that the Arabidopsis LYM2 can recognise chitin
oligosaccharides in a similar way as the rice OsCEBIP, but does not participate in chitin signalling. The KO mutant of
LYM?2 (lym2-1) was shown to be incapable of chitin-induced plasmodesmata flux, and susceptible to fungal pathogens
(Botrytis cenerea and Alternaria brassicicola), but exhibited chitin-induced MAPK activation and an oxidative burst when
compared to the WT (2234 | ysM RLK1-interacting kinase 1 (LIK1) interacts with CERK1 and regulates chitin-induced MTI
in Arabidopsis 531 | |K1 mutants (lik1-1, lik1-2, lik1-3 and lik1-4), with T-DNA insertions located in intron 2, 13, and exon



18, respectively, showed an enhanced response to both chitin and flagellin elicitors. Furthermore, the mutants were
defective in the expression of genes involved in jasmonic acid (JA) and ethylene (ET) signalling pathways, that have been
shown to mediate resistance to necrotrophic pathogens 28, In A. thaliana a powdery mildew-resistant kinase 1 (PMRK1),
a RLK that is localised in the plasma membrane, is responsible for early chitin-induced defence signals against fungal
pathogens B4, PMRK1 KO mutant (pmrk1) was more susceptible to both Golovinomyces cichoracearum and
Plectosphaerella cucumerina (Table 1). In fact, these numerous identified PPRs linked to chitin perception suggest the
complexity of plant chitin defence signalling.

| 2. BAK1 and Other Associated Proteins in MAMP Signalling

Following MAMP perception, PRRs trigger downstream events involving protein association/dissociation. BAK1 was
initially identified as a co-receptor in BRI1-mediated brassinosteroid (BR) signalling, which modulates plant growth and
development B85, studies have shown that BAK1 and related somatic embryogenesis receptor kinases (SERK) proteins
associate with other LRR-RLKs or LRR-RLPs, and regulate plant growth and immunity 46261,

Table 2 outlines different BAK1 and other associated proteins, and the implication of their KOs in plant MTI. In A. thaliana,
both FLS2 and EFR form a complex with the co-receptor BAK1 to elicit immune responses immediately upon flg22 or
elf18 perception, respectively BIBIEAES] piants carrying BAKI mutants (bak1-3 and bakl-4), generated by T-DNA
insertion, displayed abnormal early and late flagellin-triggered responses BB, |n this regard, there was a significant
reduction in the oxidative burst triggered by elf26 in BAK1 mutants, indicating that EF-Tu is also affected by the mutation
in BAK1 [, Interestingly, BAKI mutants were not completely impaired to flg22 or elf18 perception, indicating that BAK1
was not the only rate-limiting component and therefore suggests additional regulatory protein(s), such as BKK1, that are
part of the FLS2 and EFR receptor complexes BIBIEA  BAK1-disrupted N. benthamiana plants displayed decreased
induction of MTI responses by the csp22 peptide (part of bacterial cold-shock protein) and INF1 (an oomycete elicitor) &I,
Furthermore, Arabidopsis BAK1 KO mutants exhibited increased susceptibility to necrotrophic fungal pathogens, such as
Botrytis cinerea and Alternaria brassicicola [84. These results suggest a central role for BAK1 in modulating other PRRs
besides FLS2 and EFR in plant defence signalling. The exact mechanism by which BAK1 mediates defence signalling is,
however, not resolved. A recent study also showed BAK1 involvement in the tomato FLS3 recognition of flgll-28 (another
flagellin epitope) and resulting immune response signalling 19,

BAK1 and BAK1-LIKE1l (BKK1) have dual physiological roles by positively regulating a BR-dependent plant growth
pathway, and negatively regulating a BR-independent cell-death 85, Here, cell death-control mediated by BAK1 and
BKK1 is SA-dependent 88, Upon flagellin perception, BIK1 as a RLCK, associates with the FLS2-BAK1 receptor complex
to initiate plant innate immunity and cell death 4. There was a significant loss of flg22-induced resistance to Pst DC3000
infection in BIK1 mutant seedlings, however, the mutation did not affect flg22-induced FLS2 and BAK1 association. On the
other hand, BIK1 mutants were susceptible to necrotrophic pathogens but were resistant to a virulent bacterial pathogen
Pst DC3000 8. Chen et al. 9 demonstrated that the bikl mutant displayed a strong SA-dependent resistance to
Plasmodiophora brassicae, an obligate biotroph protist that induces gall formation in cruciferous plants. Bak1-4 bik1
double mutants exhibited increased expression of plant defence genes and cell death phenotypes compared to BIK1
single mutant 29, highlighting the cooperativity of BIK1 and BAK1 influence in plant immunity.

BIR2, a novel LRR-RLK, interacts with BAK1 in a kinase-dependent manner, and negatively regulates BAK1-dependent
MAMP-triggered immune signalling . Upon ligand binding to FLS2, BAK1 is released from BIR2 and recruited to the
FLS2 complex. Therefore, BIR2 inhibits autoimmune cell-death responses by keeping BAK1 under control. Gao et al. /2
showed that BIR1, a BAK1l-interacting RLK, negatively regulates multiple plant resistance signalling responses, and
suppresses cell death in Arabidopsis. BIR1 KO mutants (bir1-1) showed activation of constitutive defence responses and
extensive cell death. However, the LRR-RLK SUPPRESSOR OF BIR1-1 (SOBIR1) and BAK1 function as co-receptors for
LRR-RLPs, BAK1, and not SOBIRL1, acts a co-receptor for LRR-RLKs [63] SOBIRL, a co-receptor/adaptor for LRR-RLPs
recruits BAK1 to SOBIR1-RLP23 and SOBIR1-RLP30 complex upon nlp20 and Sclerotinia culture filtrate elicitorl
(SCFE1) perception, respectively, in Arabidopsis 874, Here, SOBIR1 mutant (sobir1-12) was more susceptible to fungal
Sclerotinia sclerotiorum and B. cineria 2, The dissociation of BIR1 upon MAMP recognition by PRRs allows BAK1 to
form an active complex with SOBIR1, which triggers downstream cell death and defence signalling 28!,

The Arabidopsis malectin-like LRR-RLK, IMPAIRED OOMYCETE SUSCEPTIBILITY1 (I0S1) associated with PRRs FLS2,
EFR and CERK1 in BAK1-dependent and -independent MTI responses 4. Arabidopsis /0S1 mutant (ios1-2) showed
perturbations in the latter, including defective chitin responses and delayed upregulation of the PTI marker gene FLG22-
INDUCED RECEPTOR-LIKE KINASE1 (FRK1), as well as reduced downy mildew infection 74, The malectin-like RLK
FERONIA (FER), facilitates the ligand-induced complex formation of PRRs in Arabidopsis 879, As such, the EFR/FLS2-



BAK1 complex formation has been shown to be promoted by FER and inhibited by Rapid Alkalinization Factor 23
(RALF23) L4, Furthermore, a FER mutant (fer-4) showed diminished ligand-induced EFR/FLS2 complex formation, with
the co-receptor BAKL. In addition, AtFER is involved in the negative regulation of jasmonic acid (JA) and coronatine

(COR) signalling 9. In support, BAK1 and other defence-responsive proteins were identified in A. thaliana plasma

membranes after B. cepacia and E. coli LPS treatments 3132 Here, proteins identified were similar to some previously

implicated proteins upon flg22 elicitation, suggesting that LPS perception and signalling could likely resemble that of flg22.

References

1.

10.

11.

12.

13.

14.

15.

16.

Georg Felix; Juliana D. Duran; Sigrid Volko; Thomas Boller; Plants have a sensitive perception system for the most con
served domain of bacterial flagellin. The Plant Journal 1999, 18, 265-276, 10.1046/j.1365-313x.1999.00265.x.

. Fang-Sik Che; Yoshihiro Nakajima; Noriko Tanaka; Megumi Iwano; Tomomi Yoshida; Seiji Takayama; Ikuo Kadota; Akir

a Isogai; Flagellin from an Incompatible Strain ofPseudomonas avenaelnduces a Resistance Response in Cultured Ric
e Cells. Journal of Biological Chemistry 2000, 275, 32347-32356, 10.1074/jbc.m004796200.

. L Gomez-Gomez; T Boller; FLS2: an LRR receptor-like kinase involved in the perception of the bacterial elicitor flagellin

in Arabidopsis.. Molecular Cell 2000, 5, 1003-1011, .

. Delphine Chinchilla; Cyril Zipfel; Silke Robatzek; Birgit Kemmerling; Thorsten Nirnberger; Alexandra M.E. Jones; Geor

g Felix; Thomas Boller; A flagellin-induced complex of the receptor FLS2 and BAK1 initiates plant defence. Nature 200
7, 448, 497-500, 10.1038/nature05999.

. Antje Heese; Dagmar R. Hann; Selena Gimenez-lbanez; Alexandra M.E. Jones; Kai He; Jia Li; Julian I. Schroeder; Sco

tt C. Peck; John P. Rathjen; The receptor-like kinase SERK3/BAK1 is a central regulator of innate immunity in plants. P
roceedings of the National Academy of Sciences 2007, 104, 12217-12222, 10.1073/pnas.0705306104.

. Delphine Chinchilla; Zsuzsa Bauer; Martin Regenass; Thomas Boller; Georg Felix; The Arabidopsis receptor kinase FL

S2 binds flg22 and determines the specificity of flagellin perception. Plant Cell 2006, 18, 465-476, 10.1105/tpc.105.036
574.

. Cyril Zipfel; Silke Robatzek; Lionel Navarro; Edward J. Oakeley; Alexandra M.E. Jones; Georg Felix; Thomas Boller; Ba

cterial disease resistance in Arabidopsis through flagellin perception. Nature 2004, 428, 764-767, 10.1038/nature0248
5.

. F. Mark Dunning; Wenxian Sun; Kristin L. Jansen; Laura Helft; Andrew Bent; Identification and Mutational Analysis of Ar

abidopsis FLS2 Leucine-Rich Repeat Domain Residues That Contribute to Flagellin Perception. The Plant Cell 2007, 1
9, 3297-3313, 10.1105/tpc.106.048801.

. Lu, D.; Lin, W.; Gao, X.; Wu, S.; Cheng, C.; Avila, J.; Heese, A.; Devarenne, T.P.; He, P.; Shan, L. Direct ubiquitination o

f pattern recongnition receptor FLS2 attenuates plant innate immunity. Science 2011, 332, 1439-1442.

Sarah R. Hind; Susan Strickler; Patrick C. Boyle; Diane M. Dunham; Zhilong Bao; Inish M. O'doherty; Joshua A. Baccil
e; Jason S. Hoki; Elise G. Viox; Christopher Clarke; et al. Tomato receptor FLAGELLIN-SENSING 3 binds flgll-28 and
activates the plant immune system. Nature Plants 2016, 2, 1-8, 10.1038/nplants.2016.128.

Cyril Zipfel; Gernot Kunze; Delphine Chinchilla; Anne Caniard; Alexandra M.E. Jones; Thomas Boller; Georg Felix; Per
ception of the Bacterial PAMP EF-Tu by the Receptor EFR Restricts Agrobacterium-Mediated Transformation. Cell 200
6, 125, 749-760, 10.1016/j.cell.2006.03.037.

Kunze, G; The N terminus of bacterial Elongation Factor Tu elicits innate immunity in Arabidopsis plants. Plant Cell 200
4, 16, 3496-3507, .

Takehito Furukawa; Hiroaki Inagaki; Ryota Takai; Hiroyuki Hirai; Fang-Sik Che; Two Distinct EF-Tu Epitopes Induce Im
mune Responses in Rice and Arabidopsis. Molecular Plant-Microbe Interactions® 2014, 27, 113-124, 10.1094/mpmi-1
0-13-0304-r.

Elena Jeworutzki; M. Rob G. Roelfsema; Uta Anschiitz; Elzbieta Krél; J. Theo M. Elzenga; Georg Felix; Thomas Boller;
Rainer Hedrich; D. Becker; Early signaling through the Arabidopsis pattern recognition receptors FLS2 and EFR involve
s Ca2+-associated opening of plasma membrane anion channels. The Plant Journal 2010, 62, 367-378, 10.1111/j.136

5-313x.2010.04155.x.

Alba Silipo; Gitte Erbs; Tomonori Shinya; J. Maxwell Dow; Michelangelo Parrilli; Rosa Lanzetta; Naoto Shibuya; Mari-A
nne Newman; Antonio Molinaro; Glyco-conjugates as elicitors or suppressors of plant innate immunity. Glycobiology 20
09, 20, 406-419, 10.1093/glycob/cwp201.

Chaeyeong Lee; Mohamed Mannaa; Namgyu Kim; Juyun Kim; Yeounju Choi; Soo Hyun Kim; Boknam Jung; Hyun-Hee
Lee; Jungkwan Lee; Young-Su Seo; et al. Stress Tolerance and Virulence-Related Roles of Lipopolysaccharide in Burk
holderia glumae.. Plant Pathol. J 2019, 35, 445-458, .



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

Stefanie Ranf; Immune Sensing of Lipopolysaccharide in Plants and Animals: Same but Different. PLOS Pathogens 20
16, 12, e1005596, 10.1371/journal.ppat.1005596.

Thorsten Nurnberger; Frédéric Brunner; Birgit Kemmerling; Lizelle Piater; Innate immunity in plants and animals: strikin
g similarities and obvious differences.. Immunological Reviews 2004, 198, 249-266, 10.1111/j.0105-2896.2004.0119.x.

Weiss, J; Bactericidal/permeability-increasing protein (BPI) and lipopolysaccharide-binding protein (LBP): Structure, fun
ction and regulation in host defence against Gram-negative bacteria. Biochem. Soc. Trans. 2003, 31, 785-790, .

Peter Elsbach; Jerrold Weiss; Role of the bactericidal/permeability-increasing protein in host defence. Current Opinion i
n Immunology 1998, 10, 45-49, 10.1016/s0952-7915(98)80030-7.

Ntakadzeni E Madala; Maria R Leone; Antonio Molinaro; lan A. Dubery; Deciphering the structural and biological prope
rties of the lipid A moiety of lipopolysaccharides from Burkholderia cepacia strain ASP B 2D, in Arabidopsis thaliana. G/
ycobiology 2010, 21, 184-194, 10.1093/glycob/cwg146.

Ntakadzeni E Madala; Antonio Molinaro; lan A. Dubery; Distinct carbohydrate and lipid-based molecular patterns within
lipopolysaccharides from Burkholderia cepacia contribute to defense-associated differential gene expression in Arabido
psis thaliana. Innate Immunity 2011, 18, 140-154, 10.1177/1753425910392609.

Lizasa, S.; Lizasa, E.; Matsuzaki, S.; Tanaka, H.; Kodama, Y.; Watanabe, K.; Nagano, Y. Arabidopsis LBP/BPI related-1
and -2 bind to LPS directly and regulate PR1 expression. Sci. Rep. 2016, 6, 1-10.

Keke Shang-Guan; Min Wang; Nang Myint Phyu Sin Htwe; Ping Li; Yaoshen Li; Fan Qi; Dawei Zhang; Min Cao; Chanh
ong Kim; Haiyong Weng; et al. Lipopolysaccharides Trigger Two Successive Bursts of Reactive Oxygen Species at Dist
inct Cellular Locations. Plant Physiology 2018, 176, 2543-2556, 10.1104/pp.17.01637.

Stefanie Ranf; Nicolas Gisch; Milena Schaffer; Tina lllig; Lore Westphal; Yuriy A Knirel; Patricia M. Sanchez Carballo; U
Irich Zahringer; Ralph Huckelhoven; Justin Lee; et al. A lectin S-domain receptor kinase mediates lipopolysaccharide se
nsing in Arabidopsis thaliana. Nature Immunology 2015, 16, 426-433, 10.1038/ni.3124.

Dana Zeidler; Ulrich Zahringer; Isak Gerber; lan A. Dubery; Thomas Hartung; Wolf Bors; Peter Hutzler; Jérg Durner; Fr
om The Cover: Innate immunity in Arabidopsis thaliana: Lipopolysaccharides activate nitric oxide synthase (NOS) and i
nduce defense genes. Proceedings of the National Academy of Sciences 2004, 101, 15811-15816, 10.1073/pnas.0404
536101.

Isak B. Gerber; Dana Zeidler; lan A. Dubery; Early perception responses of Nicotiana tabacum cells in response to lipo
polysaccharides from Burkholderia cepacia. Planta 2004, 218, 647-657, 10.1007/s00425-003-1142-0.

Yoshitake Desaki; Ayako Miya; Balakrishnan Venkatesh; Shinji Tsuyumu; Hisakazu Yamane; Hanae Kaku; Eiichi Minam
i; Naoto Shibuya; Bacterial Lipopolysaccharides Induce Defense Responses Associated with Programmed Cell Death i
n Rice Cells. Plant And Cell Physiology 2006, 47, 1530-1540, 10.1093/pcp/pcl019.

Maeli Melotto; William Underwood; Jessica Koczan; Kinya Nomura; Sheng Yang He; Plant Stomata Function in Innate |
mmunity against Bacterial Invasion. Cell 2006, 126, 969-980, 10.1016/j.cell.2006.06.054.

Bart Thomma; Kutschera A; Dawid C; Gisch N; Schmid C; Raasch L; Gerster T; Schéffer M; Smakowska-Luzan E; Belk
hadir Y; et al. FL000Prime recommendation of Bacterial medium-chain 3-hydroxy fatty acid metabolites trigger immunit
y in Arabidopsis plants.. F1000 - Post-publication peer review of the biomedical literature 2019, 364, , 10.3410/f.735538
698.793559797.

Cornelius S. Vilakazi; lan A. Dubery; Lizelle Piater; Identification of lipopolysaccharide-interacting plasma membrane-ty
pe proteins in Arabidopsis thaliana. Plant Physiology and Biochemistry 2017, 111, 155-165, 10.1016/j.plaphy.2016.11.0
25.

Nwaxigombe M. Baloyi; lan A. Dubery; Lizelle Piater; Proteomic analysis of Arabidopsis plasma membranes reveals lip
opolysaccharide-responsive changes. Biochemical and Biophysical Research Communications 2017, 486, 1137-1142,
10.1016/j.bbrc.2017.04.016.

. Sayaka lizasa; Ei'lchi lizasa; Keiichi Watanabe; Yukio Nagano; Transcriptome analysis reveals key roles of AtLBR-2 in

LPS-induced defense responses in plants.. BMC Genomics 2017, 18, 995, 10.1186/s12864-017-4372-4.

Yoshitake Desaki; Yusuke Kouzai; Yusuke Ninomiya; Ryosuke Iwase; Yumi Shimizu; Keito Seko; Antonio Molinaro; Eiic
hi Minami; Naoto Shibuya; Hanae Kaku; et al. OsCERK1 plays a crucial role in the lipopolysaccharide-induced immune
response of rice. New Phytologist 2017, 217, 1042-1049, 10.1111/nph.14941.

Roland Willmann; Heini M. Lajunen; Gitte Erbs; Mari-Anne Newman; Dagmar Kolb; Kenichi Tsuda; Fumiaki Katagiri; Ju
dith Fliegmann; Jean-Jacques Bono; Julie V. Cullimore; et al. Arabidopsis lysin-motif proteins LYM1 LYM3 CERK1 medi
ate bacterial peptidoglycan sensing and immunity to bacterial infection.. Proceedings of the National Academy of Scien
ces 2011, 108, 19824-9, 10.1073/pnas.1112862108.




36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Takeo Shimizu; Takuto Nakano; Daisuke Takamizawa; Yoshitake Desaki; Naoko Ishii-Minami; Yoko Nishizawa; Eiichi Mi
nami; Kazunori Okada; Hisakazu Yamane; Hanae Kaku; et al. Two LysM receptor molecules, CEBIiP and OsCERK1, co
operatively regulate chitin elicitor signaling in rice. The Plant Journal 2010, 64, 204-214, 10.1111/j.1365-313X.2010.04
324 .x.

Yoshitake Desaki; Kana Miyata; Maruya Suzuki; Naoto Shibuya; Hanae Kaku; Plant immunity and symbiosis signaling
mediated by LysM receptors. Innate Immunity 2017, 24, 92-100, 10.1177/1753425917738885.

Bing Liu; Jian-Feng Li; Ying Ao; Jinwang Qu; Zhangqun Li; Jianbin Su; Yang Zhang; Jun Liu; Dongru Feng; Kangbiao Q
i; et al. Lysin motif-containing proteins LYP4 and LYP6 play dual roles in peptidoglycan and chitin perception in rice inn
ate immunity.. The Plant Cell 2012, 24, 3406-19, 10.1105/tpc.112.102475.

Ying Ao; Zhangqun Li; Dongru Feng; Feng Xiong; Jun Liu; Jian-Feng Li; Menglong Wang; Jinfa Wang; Bing Liu; Hong-
Bin Wang; et al. OsCERK1 and OsRLCK176 play important roles in peptidoglycan and chitin signaling in rice innate im
munity. The Plant Journal 2014, 80, 1072-1084, 10.1111/tpj.12710.

Xi Jiang; Han Bao; Hans Merzendorfer; Qing Yang; Immune Responses of Mammals and Plants to Chitin-Containing P
athogens.. Single Molecule and Single Cell Sequencing 2019, 1142, 61-81, 10.1007/978-981-13-7318-3_4.

Wolfgang Knogge; Dierk Scheel; LysM receptors recognize friend and foe.. Proceedings of the National Academy of Sc
iences 2006, 103, 10829-30, 10.1073/pnas.0604601103.

Kaku, H.; Nishizawa, Y.; Ishii-Minami, N.; Akimoto-Tomiyama, A.; Dohmae, N.; Takio, K.; Minami, E.; Shibuya, N. Plant
cells recognize chitin fragments for defence signaling through a plasma membrane receptor. PNAS 2006, 103, 11086—
11091.

Akira Yamada; N Shibuya; Osamu Kodama; Tadami Akatsuka; Induction of Phytoalexin Formation in Suspension-cultur
ed Rice Cells byN-Acetyl-chitooligosaccharides. Bioscience, Biotechnology, and Biochemistry 1993, 57, 405-409, 10.12
71/bbb.57.405.

Miya, A.; Albert, P.; Shinya, T.; Desaki, Y.; Ichimura, K.; Shirasu, K.; Narusaka, Y.; Kawakami, N.; Kaku, H.; Shibuya, N;
et al. CERK1, a LysM receptor kinase, is essential for chitin elicitor signaling in Arabidopsis. PNAS 2007, 104, 1-6, .

Tingting Liu; Zixu Liu; Chuanjun Song; Yunfei Hu; Zhifu Han; J. She; Fangfang Fan; Jiawei Wang; Changwen Jin; Junbi
ao Chang; et al. Chitin-Induced Dimerization Activates a Plant Immune Receptor. Science 2012, 336, 1160-1164, 10.11
26/science.1218867.

Elena K. Petutschnig; Alexandra M.E. Jones; Liliya Serazetdinova; Ulrike Lipka; Volker Lipka; The Lysin Motif Receptor
-like Kinase (LysM-RLK) CERKZ1 Is a Major Chitin-binding Protein in Arabidopsis thaliana and Subject to Chitin-induced
Phosphorylation*s. Journal of Biological Chemistry 2010, 285, 28902-28911, 10.1074/jbc.M110.116657.

Meritxell Antolin-Llovera; Martina Ried; Andreas Binder; Martin Parniske; Receptor Kinase Signaling Pathways in Plant-
Microbe Interactions. Annual Review of Phytopathology 2012, 50, 451-473, 10.1146/annurev-phyto-081211-173002.

Tanaka, K.; Nguyen, C.T.; Liang, Y.; Cao, Y.; Stacey, G; Role of LysM receptors in chitin-triggered plant innate immunity.
Plant Signal. Behav. 2013, 8, 22598, .

Jinrong Wan; Xue-Cheng Zhang; David Neece; Katrina M. Ramonell; Steve Clough; Sung Yong Kim; Minviluz G. Stace
y; Gary Stacey; A LysM Receptor-Like Kinase Plays a Critical Role in Chitin Signaling and Fungal Resistance in Arabid
opsis[W][OA]. The Plant Cell 2008, 20, 471-481, 10.1105/tpc.107.056754.

Jinrong Wan; Kiwamu Tanaka; Xue-Cheng Zhang; Geon Hui Son; Laurent Brechenmacher; Tran Hong Nha Nguyen; G
ary Stacey; LYK4, a lysin motif receptor-like kinase, is important for chitin signaling and plant innate immunity in Arabid
opsis.. Plant Physiology 2012, 160, 396-406, 10.1104/pp.112.201699.

Yangrong Cao; Yan Liang; Kiwamu Tanaka; Cuong Nguyen; Robert P Jedrzejczak; Andrzej Joachimiak; Gary Stacey; T
he kinase LYKS5 is a major chitin receptor in Arabidopsis and forms a chitin-induced complex with related kinase CERK
1. eLife 2014, 3, , 10.7554/eLife.03766.

Christine Faulkner; Elena Petutschnig; Yoselin Benitez Alfonso; Martina Beck; Silke Robatzek; Volker Lipka; Andrew J.
Maule; LYM2-dependent chitin perception limits molecular flux via plasmodesmata. Proceedings of the National Acade
my of Sciences 2013, 110, 9166-9170, 10.1073/pnas.1203458110.

Narusaka, Y.; Shinya, T.; Narusaka, M.; Motoyama, N.; Shimada, H.; Murakami, K; Presence of LYM2 dependent but C
ERK1 independent disease resistance in Arabidopsis. Plant Signal. Behav. 2013, 8, €25345, .

Tomonori Shinya; Noriko Motoyama; Asahi Ikeda; Miyuki Wada; Kota Kamiya; Masahiro Hayafune; Hanae Kaku; Naoto
Shibuya; Functional Characterization of CEBIP and CERK1 Homologs in Arabidopsis and Rice Reveals the Presence o
f Different Chitin Receptor Systems in Plants. Plant And Cell Physiology 2012, 53, 1696-1706, 10.1093/pcp/pcs113.

Le, M.H.; Cao, VY.; Zhang, X.; Stacey, G; LIK1, a CERK1-interacting kinase, regulates plant immune responses in Arabid
opsis. PLoS ONE 2019, 9, e102245, .



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Jane Glazebrook; Contrasting Mechanisms of Defense Against Biotrophic and Necrotrophic Pathogens. Annual Review
of Phytopathology 2005, 43, 205-227, 10.1146/annurev.phyto.43.040204.135923.

Justin Ray; Xin Yang; Feng Kong; Tingwei Guo; Fengyan Deng; Steven Clough; Katrina Ramonell; A novel receptor-lik
e kinase involved in fungal pathogen defence in Arabidopsis thaliana. Journal of Phytopathology 2018, 166, 506-515, 1
0.1111/jph.12711.

Jia Li; Jiangqi Wen; Kevin A Lease; Jason T Doke; Frans E. Tax; John Walker; BAK1, an Arabidopsis LRR Receptor-lik
e Protein Kinase, Interacts with BRI1 and Modulates Brassinosteroid Signaling. Cell 2002, 110, 213-222, 10.1016/s009
2-8674(02)00812-7.

Kyoung Hee Nam; Jianming Li; BRI1/BAK1, a Receptor Kinase Pair Mediating Brassinosteroid Signaling. Cell 2002, 11
0, 203-212, 10.1016/s0092-8674(02)00814-0.

Milena Roux; Benjamin Schwessinger; Catherine Albrecht; Delphine Chinchilla; Alexandra M.E. Jones; Nick Holton; Fre
derikke Gro Mailnovsky; Mahmut Tor; Sacco De Vries; Cyril Zipfel; et al. The Arabidopsis Leucine-Rich Repeat Recepto
r-Like Kinases BAK1/SERK3 and BKK1/SERK4 Are Required for Innate Immunity to Hemibiotrophic and Biotrophic Pat
hogens[W]. The Plant Cell 2011, 23, 2440-2455, 10.1105/tpc.111.084301.

Dressano, K.; Ceciliato, P.H.O.; Silva, A.L.; Guerrero-Abad, J.C.; Bergonci, T.; Ortiz-Morea, F.A.; Biirger, M.; Silva-Filh
0, M.C.; Moura, D.S; BAK1 is involved in AtRALF1-induced inhibition of root cell. PLoS Genet 2017, 13, e1007053, .

Yadong Sun; Lei Li; Alberto P. Macho; Zhifu Han; Zehan Hu; Cyril Zipfel; Jian-Min Zhou; Jijie Chai; Structural Basis for f
Ig22-Induced Activation of the Arabidopsis FLS2-BAK1 Immune Complex. Science 2013, 342, 624-628, 10.1126/scienc
e.1243825.

Thomas W.H. Liebrand; Harrold A. Van Den Burg; Matthieu H. A. J. Joosten; Two for all: receptor-associated kinases S
OBIR1 and BAK1. Trends in Plant Science 2014, 19, 123-132, 10.1016/j.tplants.2013.10.003.

Birgit Kemmerling; Anne Schwedt; Patricia Rodriguez; Sara Mazzotta; Markus Frank; Synan F. AbuQamar; Tesfaye Me
ngiste; Shigeyuki Betsuyaku; Jane E. Parker; Carsten Mussig; et al. The BRI1-Associated Kinase 1, BAK1, Has a Bras
sinolide-Independent Role in Plant Cell-Death Control. Current Biology 2007, 17, 1116-1122, 10.1016/j.cub.2007.05.04
6.

Kai He; Xiaoping Gou; Tong Yuan; Honghui Lin; Tadao Asami; Shigeo Yoshida; Scott D. Russell; Jia Li; BAK1 and BKK
1 Regulate Brassinosteroid-Dependent Growth and Brassinosteroid-Independent Cell-Death Pathways. Current Biolog
y 2007, 17, 1109-1115, 10.1016/j.cub.2007.05.036.

Junbo Du; Yang Gao; Yanyan Zhan; Shasha Zhang; Yujun Wu; Yao Xiao; Bo Zou; Kai He; Xiaoping Gou; Guojing Li; et
al. Nucleocytoplasmic trafficking is essential for BAK1- and BKK1-mediated cell-death control. The Plant Journal 2016,
85, 520-531, 10.1111/tpj.13125.

Dongping Lu; Shujing Wu; Xiquan Gao; Yulan Zhang; Libo Shan; Ping He; A receptor-like cytoplasmic kinase, BIK1, as
sociates with a flagellin receptor complex to initiate plant innate immunity. Proceedings of the National Academy of Scie
nces 2009, 107, 496-501, 10.1073/pnas.0909705107.

Jun Liu; Sufen Chen; Lijuan Chen; Qi Zhou; Menglong Wang; Dongru Feng; Jian-Feng Li; Jinfa Wang; Hong-Bin Wang;
Bing Liu; et al. BIK1 cooperates with BAK1 to regulate constitutive immunity and cell death in Arabidopsis. Journal of In
tegrative Plant Biology 2017, 59, 234-239, 10.1111/jipb.12529.

Thierry Halter; Julia Imkampe; Sara Mazzotta; Michael Wierzba; Sandra Postel; Christoph Bucherl; Christian Kiefer; Ma
rk Stahl; Delphine Chinchilla; Xiaofeng Wang; et al. The Leucine-Rich Repeat Receptor Kinase BIR2 Is a Negative Reg
ulator of BAK1 in Plant Immunity. Current Biology 2014, 24, 134-143, 10.1016/j.cub.2013.11.047.

Paola Veronese; Hirofumi Nakagami; Burton Bluhm; Synan F. AbuQamar; Xi Chen; John Salmeron; Robert A. Dietrich;
Heribert Hirt; Tesfaye Mengiste; The Membrane-Anchored BOTRYTIS-INDUCED KINASEL1 Plays Distinct Roles in Ara
bidopsis Resistance to Necrotrophic and Biotrophic PathogensWi. The Plant Cell 2005, 18, 257-273, 10.1105/tpc.105.
035576.

Tao Chen; Kai Bi; Zhangchao He; Zhixiao Gao; Ying Zhao; Yanping Fu; Jiasen Cheng; Jiatao Xie; Daohong Jiang; Arab
idopsis Mutant bik1 Exhibits Strong Resistance to Plasmodiophora brassicae. Frontiers in Physiology 2016, 7, 1517, 1
0.3389/fphys.2016.00402.

Minghui Gao; Xia Wang; Ngmei Wang; Fang Xu; Xiaojun Ding; Zu-Wang Wang; Dongling Bi; Yu Ti Cheng; She Chen; X
in Li; et al. Regulation of Cell Death and Innate Immunity by Two Receptor-like Kinases in Arabidopsis. Cell Host & Micr
obe 2009, 6, 34-44, 10.1016/j.chom.2009.05.019.

Isabell Albert; Hannah Béhm; Markus Albert; Christina E. Feiler; Julia Imkampe; Niklas Wallmeroth; Caterina Brancato;
Tom Raaymakers; Stan Oome; Heqgiao Zhang; et al. An RLP23-SOBIR1-BAK1 complex mediates NLP-triggered immu
nity. Nature Plants 2015, 1, 15140, 10.1038/nplants.2015.140.



74.

75.

76.

77.

78.

79.

Yanan Liu; Xingchuan Huang; Meng Li; Ping He; Yuelin Zhang; Loss-of-function of Arabidopsis receptor-like kinase BIR
1 activates cell death and defense responses mediated by BAK1 and SOBIR1. New Phytologist 2016, 212, 637-645, 1
0.1111/nph.14072.

Zhang, W.; Fraiture, M.; Kolb, D.; Loffelhardt, B.; Desaki, Y.; Boutrot, FF.G.; Tor, M.; Zipfel, C.; Gust, A.A.; Brunner, F; e
t al. Arabidopsis receptor-like protein 30 and receptor-like kinase suppresor of birl-1/evershed mediate innate immunity
to necrotrophic fungi. Plant Cell 2013, 25, 4227-4241, .

Yu-Hung Yeh; Dario Panzeri; Yasuhiro Kadota; Yi-Chun Huang; Pin-Yao Huang; Chia-Nan Tao; Milena Roux; Hsiao-Chi
ao Chien; Tzu-Chuan Chin; Po-Wei Chu; et al. The Arabidopsis Malectin-Like/LRR-RLK 10S1 Is Critical for BAK1-Depe
ndent and BAK1-Independent Pattern-Triggered Immunity. The Plant Cell 2016, 28, 1701-1721, 10.1105/tpc.16.00313.

Martin Stegmann; Jacqueline Monaghan; Elwira Smakowska-Luzan; Hanna Rovenich; Anita Lehner; Nicholas Holton;
Youssef Belkhadir; Cyril Zipfel; The receptor kinase FER is a RALF-regulated scaffold controlling plant immune signalin
g. Science 2017, 355, 287-289, 10.1126/science.aal2541.

Yu Xiao; Martin Stegmann; Zhifu Han; Thomas DeFalco; Katarzyna Parys; Li Xu; Youssef Belkhadir; Cyril Zipfel; Jijie C
hai; Mechanisms of RALF peptide perception by a heterotypic receptor complex.. Nature 2019, 572, 270-274, 10.1038/
s41586-019-1409-7.

Hongqing Guo; Trevor M. Nolan; Gaoyuan Song; Sanzhen Liu; Zhouli Xie; Jiani Chen; Patrick S Schnable; Justin W. W
alley; Yanhai Yin; FERONIA Receptor Kinase Contributes to Plant Immunity by Suppressing Jasmonic Acid Signaling in
Arabidopsis thaliana. Current Biology 2018, 28, 3316-3324.e6, 10.1016/j.cub.2018.07.078.

Retrieved from https://encyclopedia.pub/entry/history/show/8082



