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4x ; O Fig. S1. A 20 aa peptide derived from GRI is

sufficient to induce cell death in Arabidopsis
leaves.

A Schematic representation of GRI protein and
GRI-peptides. Sequences of GRIp"™, GRIp™",
GRIp”*, GRIp”* and GRIp™” are shown
underneath.

B Col-0 leaves were infiltrated with 37 nM GST,
GRIp™™ or GRIp”* and subsequently stained
with Trypan blue. Pictures were taken under a
light microscope at 4x and 10x magnification,
respectively.

Data information: The experiment has been
repeated six times with similar results.
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Col-0 plants.
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‘ ' ” light/dark conditions at 22°C
' - Measurements were taken in duplicates - the
average of which is shown. Actinemyein and
cordycepin were added fo one of the reps. The
individual reps are displayed in the table below
- RNA was isolated and hybridized to the ATH1
GeneChip. The data were normalized by GCOS
nomalization, TGT 10 Log2 Ratio
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Results from ‘|':|ng et al. (2008) Plant Methods 4:6 q
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Pistil Tissue
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ing of

Pollen tubes after growth through

Epidermal Pes!

-3 cm sections from the top and bottom of 10-11 cm long primary stem from Col-0 plant

under 18/6 hour light/dark conditions at 100 pEinstein,

- Epidermal pesls were generated by manusl dissection using forceps
- Samples were taken in duplicate - the average of which is shown
isolated and hybridized to the ATH1 GeneChip

- The data were normalized by GCOS nomalization, TGT 100

- RNA was

Results from Suh et al. (2005) Plant Physiol. 129: 1649.

Whole Stem

'C and 50%-70% r.h. were

- Stigma and ovary fissues were isolated from pistils
after emasculating stage & buds of Landsberg erecta
(Ler) flowers. After 1 day of growth, pistils were
harvested and frozen in liquid N,

- Stigmas were then separated from pistils using
superfine scissors. Stigmas and the remaining
ovaries were placed in separate tubes on dry ice
uniil collections were complete

- Samples were taken in duplicate: average shown

- RNA was isolated and hybridized to the ATH1 chip

- Data normalized by GCOS/MASS, TGT 100

Swanson et al. (2005) Plant Sexual Reprod. 18: 163.

Stigma and Style (pistil explants)

- Dry pollen grains were harvested b cuum

- Pollen was germinated using an system,
and samples were taken at 30 minutes or 4 hours

- Pollen tubes were also harvested after germination
using a semi-in vivo pistil explant system

- Samples were taken in quadruplicate or triplicate,
the average signal is shown

- RNA isolated and hybridized to the ATH1 chip

- Data normalized by GCOS/MASS, TGT 100

Qin et al. (2008) PLoS Genetics 5: 1000621.

Shoot Apical Meristem

Central Zone
ClLv3p Wusp

Rib Meristem

Peripheral Zone
FiLp
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were collected within 15 minutes and protoplasted.
e-activated cell sorting was used to collect ~150,000 marked ceils for each zone

- RNA was isolated and hybridized to the ATH1 chip in duplicate, the average signal of which is shown

- Data normalized by GCOS/MASS, TGT 100

Proc. Nati. Acad. S

adav etal. U.S.A 108: 4

941-4946.
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£~

Processed Leaf
{minus trichor )
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eFP Browser Tissue-specific Series by D

Fig. S3. Expression of PRK5 transcript Arabidopsis tissues (eFP browser, developmental map;
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Winter and N. Provart
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Winter, drawn by D.

- Trichomes
inthe
- RNA

_WT Col-0 and mutant plants were grown for 28 days in continuous light (at the University of

Minnesota) or a 16/8 h lightidark cycle at the Noble Foundation (Oklahoma), under perforated

metal sheets such that leaves could be rapidly harvested with a razor blade

vere dislodged by vortexing with small glass

presence of 50 mM EGTA, and were refrieved with a 100 um cell strainer

was isolated from approximately 100 mg of richomes (wet weight) stored in RNAlater, and
hybridized to the ATH1 chip in duplicate-quintuplicate: the average signal is shown

- Data normalized by GCOS/MASS, TGT 100

s beads 60-80 pm in diameter in 1x PBS

Marks et al. (2009) Mol. Plant 2: 803-22; Gilding & Marks (2010) Plant J. 64:304-17.

http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi).
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___——— Ventilation Winter et al., 2007 PLOS One 2(8). e718
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= of Columbia-0 ecotype was analyzed 1658
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e MS-Agar-media. After 2 days in the cold room {4°C, dark), the boxes 12.8
were transferred to a cng day chamber. At dq 1, thﬂ rafts were 11.08
Plants transferred in [ ?g;
5.52
Raft m nﬁﬂ“) 368
- Al méasurements were taken in f‘uollc& es - the average of which is shown 1.84
| —— Membrane - RNA was isolated and hybridized to the ATH1 GeneChip o
- The data were normalized by GCOS normalization, TGT 100 Masked
_— Float - This study is part of the AtGenExpress project, funded by the DFG
—— Liquid Media Figure and data from Kilian et al. (2007, Plant Journal 50:347-63)
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eFP Browser Stress Series by B. Vinegar and D. Winter, drawn by D. Winter. Data from AtGenExpress Abiofic Stress Series from Kilian et al. (2007, Plant J. 50:347-63;

Fig. S4. PRKS5 transcript levels are altered in response to a Variety of abiotic stresses in
Arabidopsis (eFP browser, Abiotic stress I; http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi).
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Fig. S5. PRKS transcript levels are altered in response to a variety of abiotic stresses in
Arabidopsis (eFP browser, Abiotic stress I1; http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi).
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Fig. S6. PRKS transcript levels are altered in response to a variety of abiotic stresses in
Arabidopsis (eFP browser, Abiotic stress At-TAX; http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi).
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1306
Mock Treatment - Plant material from the leaves of 4 week old wild-type Arabidopsis lézz
thaliana plants of Columbia-0 ecotype was analyzed g 1'4
- Leaves were inoculated by placing 4 5-ul drops of the solution on 7E3
each leaf 6§52
- Plants grown under 12/12 hour lightidark conditions 522
- All measurements were taken in triplicates - the average of which 391
is shown 261
- RMA was isolated and hybridized to the ATH1 GeneChip 1.3
- The data were normalized by GCOS normalization, TGT 100 00
Condiospores - This study is part of the AtGenExpress project, funded by the NSF Masked
(Diluted to 5X10*5 ‘{
sporesiml ) Results provided by the Ausubel Lab
@ 18 Hours 43 Hours

Half Leaf Pseudomonas syringae

Avirulent pathogen
{ES4326 aviRpt2)

ALLSAMPLES
24 848 Hour
Injecion Virulent pathogen
4 Hour L (ES4326)

Injection ™~

8 Hour 16 Hour
Injestion Injestion

Plant material from the leaves of 4 week
old wild-type Arabidopsis thaliana plants
of Columbia-0 ecotype was analyzed

- Half of a plant leaf was injected while the
other half was collected on a time course
for analysis

Plants grown under 16/8 hour light/dark
conditions.

All measurements were taken in duplicates -
the average of which is shown

RNA was isolated and hybridized to the
ATH1 GeneChip

The data were normalized by GCOS
normalization, TGT 100

This study is part of the AtGenExpress
project, funded by the NSF

Resuits provided by the Dong Lab

> -
- -

24 Hours 48 Hours

Virulent

\ (10e6 cfuml pu
tomato DC3000)

24 ral
Avirulent
sampe oo
|2 HeurSEmEE q008 cuimi py.
tomato awRpm1)

& Hour Sample:

@

- Plant material from the leaves of S week old wild-type Arabidopsis thaliana plants of Columbia-0
ecotype was analyzed

- Plants grown under 8/16 hour light/dark conditions but transferred to 16/8 hour light/dark
conditions for the experiment

- All measurements were taken from infiltrated leaves in friplicates - the average of which is shown

- RMA was isolated and hybridized to the ATH1 GeneChip

- The data were normalized by GCOS nomalization, TGT 100

- This study is part of the AtGenExpress project, funded by the DFG

Restits provided by the Namberger Lab

Typelll-Secretion
Systemn Deficient
{108 cfu/ml pv.
tomato DC3000

=4 909
.

Nonhost Bacteria
{1028 cfu/ml pv.
phaseolicola)

24 Hours 2 Hours 8 Hours 24 Hours

—=>

{ = Infiltrated with
Bacterial-Derived
i Elicitor
(1 uM Flg22)

N Infilirated with
": Hour Samgle Bacterial-Derived

4t Sample | EliCtOr

- (10 uM HrpZ)

@

- Plant material from the leaves of 5 week old wild-type Arabidopsis thaliana plants of Columbia-0
ecotype was analyzed

- Plants grown under 8/16 hour light/dark conditions

- All measurements were taken from infiltrated leaves in friplicates - the average of which is shown

- RMAwas isolated and hybridized to the ATH1 GeneChip

- The data were normalized by GCOS nomalization, TGT 100

- This study is part of the AtGenExpress project, funded by the DFG

Results provided by the Nimberger Lab

Infittrated with
1mM CaCl2
2.5 mM MgC!
Infittrated with
Bacterial-Derived
Elicitor {
(100 ugiml LPS)

1 Hour 4 Hours 1 Hour 4 Hours

Infiltrated with
Oonycete-Derived

Elicitor
(1 uM GST-NPP1)

Phytophthora infestans
/ Control (Wer)|

é L

INOCULATION

e Suspension of

10"6 Phytophthora
infestans spores/mi.

— 6 Hour Sampie

' B
12 Hour Sample

—=> -

- Plant material from the leaves of 5 week old wild- - Plant material from the leaves of 28 day

type Arabidopsis thaliana plants of Columbia-0
ecotype was analyzed

_ Forfhe treatment plants were moved to growth
chamber with 20°C day/18°C night

- As many &s possible 10 ul-drops were placed per
leaf

- Plants grown under /16 hour ight/dark conditions
- All measurements were taken in tniplicates - the
average of which is shown
- RNAwas isolated and hybridized fo the ATH1
GeneChip
- The data were normalized by GCOS normalizafion,
TGT 100
- This study is part of the AlGenExpress project,
funded by the DFG

24 Hours Results provided by the Scheel Lab

Erysiphe orontii

s
507

)

& Hou
Inoeyiatsn

Mock Treatment
{placed In settling
towers)

Inoculated
(settling towers with
10-day old cultures)
12 Hour Tt
Inceuatior

—y <>

— 123448
Day Inocuiation

@ 8 Hours
18 Hour
iaculztn

o o

12 Hours

o
e

18 Hours 24 Hours 48 Hours 72 Hours,
{1 Day) (2 Days) (3 Days)

oid wild-type Arabidopsis thaliana planis
of Columbia-D ecotype was analyzed

- Inoculation was done via seftling tower,
using 10 day old E. orontii cuftures

- Leaves number 7 to 10 were selected
for profiling

- Plants grown under 1212 hour light/dari
conditions with all measurements taken
in the middle of the light period

- All measurements were taken in tripli-
cates - the average of which is shown

- RNA was isolated and hybridized fo the
ATH1 GeneChip

- The data were normalized by GCOS
normalization, TGT 100

- This study is part of the AtGenExpress
project, funded by the NSF

Results provided by the Ausubel Lab

e
e

98 Hours
{4 Days)

FP Browser Stress Series by B. Vinegar and D. Winter. Data from AtGenExpress Pathogen Series

Fig. S7. PRKS5 transcript levels are altered in response to pathogen infection in

Arabidopsis (eFP browser, Biotic stress I; http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi).
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57,33
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[l
hasked
- Plant material from uninfected and G.oronfii infected 4 week
old wild-type and ics7-2 mutant (eds16) Arabidopsis thaliana
plants of Columbia-0 ecotype were analyzed
- Parallel experiments were also caried out using whole leaves
and and lesaf scrape for some of the samples
- Plants grown in evenly spaced boxes were infected with
G.orontil using a settling tower and mesh screen
- Plants were grown under 12/12 hour light/dark conditions
_ Groups of epidermal and mesophyll cells surrounding the
infected cells were collected using Leica AS LMD with 40XT
objective
- Two of the six biolegical replicates were processed - the:
average of which is shown
- RMNA was isolated and hybridized to the ATH1 GeneChip
- The data were normalized by GCOS normalization, TGT 100
* This shows the haustorial complex (HC)

Results provided by the Wildermuth Lab
Chandran ef al, 2010. PNAS 107(1)

Hyaloperonospora arabidopsidis

{sprayed witn Sx10¢
sporesl mi In dstiied

& Days sampie

pp4 mutant
plants

coposcampe ©

—=>
—>
—>

6 Days

- Plant material from 2 week old wild-type and rpp4 mutant
Arabidopsis thaliana plants of Columbia-0 ecotype were
analyzed

- Two week old wild type and rppd seedlings were inoculated
with 10-day old Hyafoperonospora arabidopsicis

- The piants were grown under 12/12 hour light/dark condifions

- Two biological replicates were processed - the average of
which is shown

- RNA was isolated and hybridized to the ATH1 GeneChip

- The data were nomalized by GCOS normalization, TGT 100

* Note: Controls are the respective Day 0 leaf but for the 0.5
Day sample there is no comrection for diumal effects

Results provided by the Dong Lab
Wang et al_, 2011 Nature 470

A yzu.«, persicae:
Sy el
— & Hour sampie

I Control

Aphid infested

- Plant material from wild-type Arabidopsis thaliana plants of
Columbia-0 ecotype were analyzed

- Plants were grown individually in soil at 20°C, 16/8 hour
light/dark conditions

- After complete growth of rosette, at principle growth stage
3.90" (34 weeks after planting), reatment plants were
cultured with Myzus persicaere (apterous aphids) using clip
cages

- Leaves were harvested 8 h afier infestation and controls
and infested treatments were paired aceording o rosette
size and leaf number

- Three biclogical replicate were processed

- RNA was isolated and hybridized to the ATH1 GeneChip

- The data were nommalized by GCOS normalization, TGT 100

Results provided by the Pritchard Lab
Couldridge, C. al,, 2007. Bulletin of Entomological
Research 87

eFP Browser Biotic Stress Series |l by A. Silva.

Fig. S8. PRK5 transcript levels are altered in response to pathogen infection in

Arabidopsis (eFP browser, Biotic stress I1; http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi).




Fig. S9. Structural prediction of PRKS

extracellular and intracellular domains.

A I-Tasser prediction of the extracellular
domain of PRKS5 (residues 40-281).

B Phyre’ prediction of the intracellular kinase
domain of PRKS (residues 375-645).
Histidine residue 500 and alanine residue 520

are shown in green.



Fig. S10. PRKS-YFP localises to the plasma membrane in Arabidopsis protoplasts and in
Nicotiana benthamiana.

A Localization of PRKS5-CFP and cytosolic YFP in Col-0 mesophyll protoplasts. Panels from top to
bottom: overlay, PRK5-CFP, YFP, chloroplast.

B YFP (expressed under the control of the 35S promoter) localises to the cytosol and nucleus in
epidermal cells of Nicotiana benthamiana.

C After plasmolysis with 0.8 M NaCl for 15 minutes YFP is visible in the cytosol and nucleus in
Nicotiana benthamiana epidermal cells.

D, E PRKS5-YFP (expressed under the control of the 35S promoter) localises to the plasma membrane
in Nicotiana benthamiana epidermal cells.

F, G After plasmolysis with 0.8 M NacCl for 15 minutes PRK5-YFP is visible in the plasma membrane
in Nicotiana benthamiana epidermal cells as indicated by the appearance of Hechtian strands (see arrow
heads).

Data information: Experiments in this figure have been repeated three times with similar results.
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Fig. S11. Conservation of the kinase domain and in vitro
kinase activity of PRK5 and PRK5"""*** kinase domains.

A Alignment of kinase domains of the inactive kinases PRK4,

PRKS5, BIR2 as well as SUB with the active kinase domains
of BRI1, FLS2, EFR and CRK7.

B Phyre2 prediction of the catalytic core of the intracellular

Auto-
phosph.

MBP

GST-
tagged
kinase

GST

MBP
substrate).

kinase domain of PRKS. Histidine (H) at position 500 and
alanine (A) at position 520 are shown in green.

C Phyre?2 prediction of the intracellular kinase domain of
PRKS5; introduced mutations H500D and A520G. D and G in
the catalytic core are highlighted in green.

D In vitro phosphorylation assays of GST-PRKS kinase
domain in the presence of 10 mM MgClL,. GST-PRKS and
GST-PRK4 did not show kinase activity while mutation of
H500D and A520G restored GST-PRK5™""”***kinase
activity. GST-CRK7 was used as a positive control. Upper
panel shows autoradiograph, lower panel shows the
Coomassie-stained 15% SDS-polyacrylamide gel. Arrows
indicate the GST-tagged RLK kinase domains, the size of free
GST and myelin basic protein (MBP; used as artificial

Data information: Experiments have been repeated three
times with similar results.
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Fig. S13. GRI is cleaved by AtMC9 after K65, R67, K78 and K97, as revealed by in
vitro cleavage assays and mass spectrometry analysis.

A-C Cleavage of recombinant MBP-GRI*" fusion protein by recombinant AtMC9,
followed by trypsin treatment and LC-MS/MS analyses using a Thermo LTQ Orbitrap XL
mass spectrometer.

A Coomassie stain of representative samples on a 12% SDS-PAGE. (*) After 90 min
incubation at 30°C, a clear lower molecular weight band of MBP-GRI”"'* was visible after
proteolysis by AtMCO.

B After AtMC9 treatment, cleavage products of MBP-GRI*'* were N-terminally labeled in
solution with trideutero- acetyl (<AcD3>). The annotated spectra covering the neo N-
terminal peptides NH2<AcD3>-68LLVSHYK74 (Mascot score 60; Identity treshold score
33) and NH2<AcD3>-98GTSLLHCCKK107 (Mascot score 47; Identity treshold score 32)
are shown.

C Position of the AtMC9 cleavage sites (| ) in the GRI*'* amino acid sequence. The
identified <AcD3>-labelled peptides are underlined. Peptide coverage of the protein
(93,7%) is represented in bold. Spectra of the <AcD3>-labeled peptides were visualized by
Peptizer (Helsens et al., 2008).
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Fig. S14. Xanthine/xanthine oxidase infiltration of Col-0, gri, prk5 and
atmc9 plants.

Enzymatic superoxide production from xanthine/xanthine oxidase (XXO)
infiltration into Col-0, prk5-1, prk5-2, atmc9-1, atmc9-2 and gri leaves (£SD
of 4 replicates consisting of 4 leaf disks each). X is buffer control containing
xanthine without xanthine oxidase.

Data information: Asterisks mark statistically significant differences from
infiltration with GST according to Sidak's test (P<0.05). The experiment was
repeated three times with similar results.
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Fig. S15. GRI is cleaved by AtMC9 after K65, R67, K78 and K97, as revealed by in vitro
cleavage assays and mass spectrometry analysis.

A-C Cleavage of biochemically pure GRIp™” peptide (66 AA) by recombinant AtMC9,
followed by immediate separation of cleavage products by reverse-phase chromatography (RP-
HPLC) and size analysis by MALDI-TOF MS (Ultraflex, Bruker).

A GRIp™™ peptide was incubated with increasing concentrations of recombinant AtMC9
(rAtMC9) and cleavage products were separated on a C18 reverse-phase column. Cleavage
sites in the GRIp™”sequence are indicated with (). The experiment was performed twice with
similar results.

B 3D view of the RP-HPLC UV absorbance chromatograms corresponding to the four
concentrations of rTAtMC9 used (as indicated in the figure).

C Overlapping view of the four RP-HPLC UV absorbance chromatograms indicating the
peptide sequence of the main cleavage products (peptide mass was deduced by MALDI-TOF
MS). The blue trace corresponds to 0 nM rAtMC9 sample, red trace to 31 nM rAtMC9 sample,
green trace to 125 nM rAtMC9 sample and pink trace to 500 nM rAtMC9 sample. The first
cleavage products to appear (highest in red trace and green trace) are indicated with asterisks.
The mass of the full length GRIp’peptide was deduced by LC-MS/MS using a Thermo LTQ
Orbitrap XL mass spectrometer, because it was not possible to deduce the mass by MALDI-
TOF MS. The slash (/) in NSVLADEVVDQEDDPEYYILDETPSILS NVTISSK/TR indicates
that both the longer (cleavage after R) and shorter (cleavage after K) cleavage products were
present in the peak.
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Fig. S16. Cell death by GRI-peptides is dependent on salicylic acid production
and extracellular superoxide production.

A Infiltration of wild type, prk5-2 and atmc9-1 leaves with GRIp™™, GRIp”™, GRIp™™ or
GST. GRIp™™ and GRIp™" but not GRIp" ™ were able to induce elevated ion leakage in the
atmc9-1 mutant (£SD of 4 replicates of 4 leaf disks each).

B Infiltration of wild type, sid2 and rbohD leaves with 66 aa-long GRIp™™, 11 aa-long
GRIp™™ or GST. GRIp™™ and GRIp™” were able to induce elevated ion leakage in Col-0
but not in the mutants sid2 and rbohD (£SD of 4 replicates of 4 leaf disks each).

Data information: Asterisks mark statistically significant differences from infiltration
with GST according to Sidak's test (P<0.05). The experiments were repeated three times
with similar results.
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Fig. S17. Scatchard plot from data in Fig. 4G.
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Fig. S18. Pathogen susceptibility in gri, prk5 and atmc9
plants.

4-week old plants were hand-infiltrated with 10’ CFU/ml of
Pseudomonas syringae pv. tomato (Pto) DC3000 (A) or
DC3000 avrB (B), respectively. Subsequently, 4 leaf disks
(total area 1 cm®) were homogenized in 10 mM MgCl, and
the bacterial count was determined by dilution plating one
hour, two days and four days after infiltration.

Data information: Bars represent mean and error bars
represent standard deviation of 3 replicates of 4 leaf disks
each. Asterisks mark statistically significant differences
from bacterial growth in Col-0 according to two-way anova
with Tukey’s HSD post-hoc test (P<0.001). For A bacterial
growth in all lines is significantly different after two days
from zero days, and for Col-0, prk5-1, prk5-2, atmc9-1 and
atmc9-2 different at four days from two days post-infection.
For B bacterial growth in all lines is significantly different
after two days from zero days, and after four days from two
days post-infection. All experiments were repeated three
times with similar results.
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Fig. S19. Model of GRI function in ROS-induced cell death regulation.

Stress (for example wounding through peptide infiltration with a blunt syringe) leads to
reactive oxygen species (ROS) production in the extracellular space by the NADPH
oxidase RBOHD (producing superoxide, O,). The secreted GRI protein is cleaved by
AtMC9 and the resulting peptide (GRIp) is subsequently perceived by the enzymatically
inactive RLK PRKS. It is currently unclear at what level ROS signalling interacts with
GRI processing and perception. Alternatively signalling through ROS and GRI could
represent parallel pathways which are only integrated at the intracellular response level.
Salicylic acid (SA) is required for cell death induced by GRIp infiltration but the details of
this interaction are currently not known. Co-receptors that are required for PRKS action
are hypothetical.
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