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Extended Data Fig. 6 | See next page for caption.
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Extended DataFig. 6 | Impact of Srfon thickness and lipid ordering of
biomimetic membranes. a, Bilayer thickness by Atomic Force Microscopy
(AFM). Left: AFM topographic images of PLPC-Sito-GluCer bilayers before (t,)
and after 1 hincubation with Srf (3 pM). Right: Height density profiles measured
onselected areas before (blue) and after (orange) Srftreatment. Data from
threeindependent samples. b, Bilayer thickness data calculated from MD
simulationsin the absence or presence of Srf from AT and CG simulations. Mean
+s.d. from three simulations. Thickness corresponds to the distance between
phosphate atoms of PLPC from the upper and lower leaflets within a PLPC-Sito-
GluCer bilayer. P-value from two-way ANOVA with Sidak’s post-test. ¢,d, Order
parameter (mean +s.d., three experiments) for PLPC acyl chains (C16, C18:2) and
GluCer N-acyl and sphingosine chains, calculated from AT simulations without
(white) or with (black) Srf. ¢, PLPC acyl chains C16 are circles and C18:2 triangles.
d, N-acyl chain of GluCer is circles and the sphingosine chain is triangles. e,
Wide angle X-ray scattering (WAXS) spectra displaying a typical peak for lipid

bilayer, interpreted as a measure of the average chain-to-chain distance. Data
shows a shift to lower g-vector values in presence of Srf, indicating increased
chain disorderin the bilayer. f, Hydrodynamic diameter (mean +s.d., n = 6)

of liposomes measured by Dynamic Light Scattering (DLS) at increasing
Srf-to-lipid ratios. g, Size distribution of liposomes at various Srf-to-lipid

ratios obtained by weighting the DLS data by intensity. Data from at least two
independent liposome batches. h, FRET Efficiency (E, %) between Fluorescein
DHPE (donor) and 18:1Liss Rhodamine PE (acceptor) for PLPC-Sito-GluCer
LUVs with Srf (10 uM) or mock (DMSO 0.1%) at three different time courses.
n=4(mock) or 6 (Srf) replicates from two independent experiments. Letters
represent statistically different groups at P < 0.05 (Brown-Forsythe and Welch’s
ANOVA and Tamhane’s T2 multiple comparisons test). i, Global membrane
stiffening measured by Laurdan generalized polarization (GP) for PLPC-Sito-
GluCer liposomes with Srf (10 pM) or mock (EtOH 0.1%). Mean *s.d. (n =15; five
experiments). P-value from two-tailed t-test.

Nature Plants


http://www.nature.com/natureplants

Article

https://doi.org/10.1038/s41477-026-02270-3

[

Proportion of GluCer involved
in each cluster size

0 100 200 300

Time (ns)

400 500

(1]

Membrane packing
defect constant (A?)

Extended Data Fig. 7| Nanoscale modifications in lipid organization induced
by Srf. a, Proportion of GluCer involved in each GluCer cluster size (1-7
molecules) from AT simulations. Representative data of one experiment out of
three with similar results (see Supplementary Fig. 4 for replicates). b, GPimaging
of C-Laurdan in PLPC-Sito-GluCer GUVs. Higher GP observed in the horizontal
planeis anartefact due to photoselection effect of Laurdan molecules that are
aligned in parallel to the polarization angle of the LASER. Scale bar: 5 um.

¢, FRET efficiency (%) between Fluorescein-DHPE (donor) and Liss Rhodamine-
PE (acceptor) in DOPC (liquid-disordered), DSPC-POPC-Chol (40/40/20 %mol)
(nanoscopic phase separation), and PLPC-Sito-GluCer (60/20/20 %mol)
membranes. Plant model shows no evidence of nanodomains. Data from two
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experiments are grouped and total n areindicated. Letters represent statistically
different groups (P < 0.05, Brown-Forsythe and Welch’s ANOVA with Tamhane’s
T2).d, Top view of PLPC-Sito-GluCer bilayer after 2879 ns of AT simulation,
showing Srf (cyan sticks) insertion involving its acyl chainamong membrane
lipid acyl chains (white surface) and lipid polar heads (blue). e, Membrane
packing defect constant calculated from AT simulations in PLPC-Sito-GluCer
with or without Srf. f, Srfreduces lateral lipid mobility based on mean square
displacement (MSD) of lipids in PLPC-Sito-GluCer membranes with ( + Srf) or
without Srf (-Srf), from CG simulations. In e and f, data are mean + s.d. obtained
from n =3 different simulations. P-values from two-tailed Welch’s t-test.
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Extended Data Fig. 8 | Immune activation by Srfrequires threshold
micromolar concentrations. a, Dose-dependent [Ca™'].,.increase induced by Srf
inroot protoplasts of Arabidopsis Col-0**2 compared to mock (EtOH 0.1%). Data
show the average of luminescence (L/L,,,,) between1.5and 4 min after Srf (10
H1M) treatment (maximal values). Box plots show medians, quartiles, and ranges,
dataare from five independent experiments and total n are indicated. P-values
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from Welch and Brown-Forsythe ANOVA with Dunnett’s T3 post-test. b, Dose-
dependent [ROS],,, induction by Srf (10 uM) measured with DCFH-DA in root
protoplasts compared to mock (EtOH 0.1%). Graph represents mean +s.d.,n=6
roots from two independent experiments, P-values from two-tailed unpaired
t-test with Welch’s correction.
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Extended Data Fig. 9| Impact of channel blockers on calcium and ROS
responses to Srftreatment. a, [Ca*'].,, levels in Col-0"“? protoplasts

upon Srf (10 uM) or mock (Wl¢,), with or without pre-incubation with

the mechanosensitive channel blocker GsMTX-4 (+Gx). n =20 from four
independent experiments. b, [Ca*'].,, response measured with the Fluo4-AM
probein Col-0 protoplasts treated with Srf (10 uM) or mock (Wl,), with or
without pre-incubation with GsMTX-4 (+ Gx). Mean t s.d., data are from four
independent experiments with total nindicated. ¢, [ROS];,., accumulation in
Col-0 roots 30 min after Srf (10 pM) or mock (water) treatment, in presence or
absence of GsMTX-4 (+ Gx). Data are expressed as fold increase in DCFH-DA
fluorescence compared to mock. Mean +s.d., data are from three independent
experiments with total nindicated. d, [Ca®],,, signal in Col-0**¢ protoplasts
following Srf (10 uM) or mock (WIc,) treatment with or without pre-incubation
with the calcium channel blocker LaCl, ( + La). Data are from four independent

experiments with total nindicated. e, Calciuminflux in Col-0 protoplasts
measured via Fluo4-AM fluorescence after Srf (10 pM) or mock (WI,) treatment,
with or without LaCl; pre-treatment. Data are normalized fluorescence increases.
Mean +s.d., data are from at least two independent experiments with total n
indicated.f, [Caz*]cy( signal in UBQ10::GCaMP3 roots treated with Srf (10 uM)

or flg22 (1 uM) as MAMP, with ( + La) or without LaCl, pre-treatment. Signal
quantified as fluorescence increase. Mean + s.d., total nindicated. P-values from
unpaired two-tailed t-test with Welch’s correction. Inaand d, datashow the
average of luminescence (L/L,,,,) between 1.5 and 4 min post-treatment with Srf.
Box plots show medians, quartiles, and ranges. Letters represent statistically
different groups (P < 0.05, two-way ANOVA with Bonferroni’s post-test).Inb, ¢
and e, lettersindicate statistically different groups at P < 0.05, two-way ANOVA
with Tukey’s post-test.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  All experimental data were collected with softwares associated to the specific equipment. No specific code was created.
Fluorescence/luminescence: Spark® microplate reader (Tecan)
FLIM: high-resolution, inverted, OpenFrame-based epifluorescence microscopy (Cairn GmbH)
Calcium signal: Nikon SMZ1270 stereomicroscope : NIS-elements AR 5_30_05
Calcium signal: LSM980 microscope (Zeiss, Germany)
GP imaging: inverted Leica SP8 microscope with FLIM acquisition and integration done with PigoQuant Symphotime
DLS: Zetasizer Nano DLS instrument (Malvern Panalytical)
AFM: quantitative imaging (Ql) mode of a JPK Nanowizard IIl setup
LC-MSMS for camalexin: Agilent 1290 Infinity Il coupled with Jet Stream ESI-Q-TOF 6530
ITC: VP-ITC Microcalorimeter (Microcal, Northampton, USA)
RT-gPCR: ABI step-one qPCR instrument (Applied Biosystems) with software version 2.3. Paired-end reads trimmed with fastp, aligned using
STAR, transcript abundances quantified with Salmon.
Membrane depolarization: inverted Zeiss LSM880.
Electrophysiology: patch-clamp amplifier (RK400, Biologic, Claix, France) and micro1401 digitizer (CED, Cambridge, UK).
Intracellular ROS using the biosensor HyPer7-cyto: ZEISS LSM 880 confocal laser scanning microscope.
LC-MS/MS for lipidomics performed on a QTRAP 6500 (ABSciex) mass spectrometer coupled to a 1290 Infinity Il LC system (Agilent)

Data analysis All statistical analyses were performed in GraphPad Prism 8.0.1.
Calcium signal RGECO epifluorescence microscopy: Flll Image J (https://doi.org/10.1002/0471142727.mb1420s92)
Calcium influx UBQ10::GCaMP3 NIS-elements AR 5_30_05
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FLIM images:SymPhoTime64 software (PicoQuant, Germany)

GP images: home-written Matlab® routine available in: Nat Chem Biol 16, 644—-652 (2020).

SAXS data: SAXS utilities analysis package [http://www.sztucki.de/SAXSutilities/]

NR data: MotoFit program available in: J Appl Cryst 39, 273-276 (2006)

ITC data analyzed with software Origin v7 (Originlab, Northampton, USA)

LC-MSMS camalexin: Masshunter (Agilent)

RT-qPCR: differential expression analysis with PyDESeq?2.

Electrophysiology: WIinEDR software (v4.1.6, J. Dempster, Strathclyde University, UK)

Membrane depolarization: Fiji as available in Nat Methods 9, 676-682 (2012)

Aequorin: FlagScreen R-script available in: Molecular Plant 5, 115-130 (2012)

ROS for Hyper7-cyto: FlJI.

Lipidomics: MultiQuant software version 3.0 (ABSciex)

Molecular Dynamics: GROMACS v2020.4 (SoftwareX 1-2, 19-25 (2015)), MDAnalysis (J Comput Chem 32, 2319-2327(2011)), Lipyphilic (J.
Chem. Theory Comput. 17, 5907-5919 (2021)), PackMEM (Biophys J 115, 436-444 (2018)), LipidDyn (Computational and Structural
Biotechnology Journal 20, 3604—-3614 (2022)), PYMOL v1.8 and VMD (Journal of Molecular Graphics 14, 33—38 (1996)).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All essential data in direct support to the conclusions are provided in the submitted material as main figs, extended data figs or table or as supplementary
information. All raw/original data used in graphs and materials related to all experiments except RNAseq are available at DOI: 10.5281/zenodo.8358628. RNAseq
data are available at DOI: 10.5281/zenodo.10013102.
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Reporting on sex and gender N/A
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other socially relevant
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Population characteristics N/A
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.
Sample size Sample size in every experiment was determined based on a combination of factors, including standard practices in plant biology research, in
experimental/in silico biophysics but also according to the objectives of the experiments. In all instances, we consider that sample sizes were

adapted to reach statistical relevance and are therefore sufficient to support the conclusions of this study.

Data exclusions  No data were excluded.

Replication As for sample sizes, the number of independent experiments for each type of assay/experiment has been adapted according to the type,
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Replication objective and inherent variability to meet robustness of the observations after statistical treatment. For some biophysics such as NR, SAXS and
AFM, there is de facto few space for performing a large number of independent experiments but there is much less inherent variability
compared with biological/biochemical assays involving real plants. We thus believe in the robustness of all kind of data generated.

Randomization Methodologies related to plant experiments were conceived in a randomized design in order to minimize selection bias and consequences of
uncontrolled variables.

Blinding No specific blinding was applied but data analysis/quality check/relevance was performed independently by at least two different persons in
most experiments. Of course, we implemented consistent experimental protocols and standardized data analysis pipelines for all samples,
contributing to minimize bias.
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Plants

Seed stocks

Novel plant genotypes

Authentication

Arabidopsis wild-type Col-O and mutants of RKs and RLPs fls2/efr1, bak1-5, bkk1-1, bak1-5/bkk1-1, bik1/pbl1, cerk1-2, dorn1-1, pad3
and rbohd are maintained in our laboratory. sobir1-12, sobirl-13, are from F. Brunner (University of TibingenThe lipid mutant loh1 is
from |. Feussner lab (Goettingen University) and MOCA1 is maintained in the S. Mongrand lab. Reporter lines Col-Oaeq and mutant
Tranonitoriatiesplbdan ierctive ongefreHeni R RToIM U G braRidanss theliTna inen sopmsing3hr.eancli bveosasied
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For HyPer7 biosensors, F2 progeny were screened for homozygous mutants carrying the sensor via fluorescence phenotyping and
sequencing.
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