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Main figures



Figure 1. Phosphoproteomics experimental workflow and data analysis. (A) Schematic representation of

the phosphoproteomics experimental workflow and data analysis for the identification of MAPK substrates.

Phosphopeptides were enriched using IMAC from WT plants and three mapk mutants treated with and
without flg22 and analyzed by LC-MS/MS. Database searches were carried out using the program Mascot

and phosphosite localization was ascertained using FragMixer. Relative quantification was carried out

using MassChroQ, followed by statistical analysis of quantitative data to highlight sequences whose

abundance was significantly modulated. The list of identified phosphopeptides was subjected to motif

analysis using motif-x. (B) Number of phosphorylation sites per peptide. (C) Distribution of phosphorylated

amino acids. (D) Motifs enriched by motif-x. (E) PCA of the identified phosphopeptides across the 8

conditions. (F) PCA of a few candidate proteins are highlighted (G) Venn diagram showing the overlap of

candidate proteins identified in this study with other relevant studies (34, 35, 37).



Figure 2. Overview of the chromatin phosphoproteome. (A) Venn diagram showing specific and shared

targets of MPK3, 4 and 6 (B) Venn diagram depicting MAPK-dependent and flg22-dependent

phosphopeptides. (C) GO enrichment of the phosphopeptides into 3 relevant categories. (D) Flower plot

diagram with the central circle showing the 46 proteins and each petal showing the different categories of

proteins, chromosome organization, RNA metabolism, gene expression, transcription, response to stress

and other biological processes (E) Targets for MPK3, 4 and 6 were pooled and used to generate a network

using STRING (version 10.0) within the Cytoscape environment. Clusters with targets involved in RNA

metabolic processes and splicing are highlighted in beige and blue, respectively. Phosphoproteins involved

in nuclear structure and chromosome organization are highlighted in pale green. (F) The heatmap showing

the relative abundances of phosphopeptides significantly affected in WT and mapk mutants with or without
flg22 treatment was computed from scaled and centered values.



Figure 3. AHL13 protein domains, and MAPK phosphorylation and interaction with AHL13. (A) Schematic

representation showing the AT-hook domains, the DUF296/PPC domain and the MAPK docking site of

AHL13. The position of the phosphopeptides is indicated by a red line and phosphosites with an asterisk.

(B & C) Box plots showing the relative abundance of the two phosphopeptides in the 8 conditions. (D)

Results of the phosphorylation of the two phosphosites by the three MAPKs in vitro. (E) BiFC analysis of
AHL13 with MPK3, MPK4 and MPK6 in N. benthamiana leaf epidermal cells. YFP fluorescence was

observed by laser scanning confocal microscopy. Scale bar = 20 µm. (F) Glutathione S-transferase (GST)

pull-down assays were performed by incubating bacterial lysates of GST-tagged MAPKs with GST beads

followed by incubation with bacterial lysates His-MBP-tagged AHL13. The pull-downs were probed with

anti-His antibody (WB: anti-His) and the proteins were stained with Ponceau-S. A negative control for

binding of His-MBP with the three MAPKs was carried out in parallel.



Figure 4. Phenotyping of ahl13-1 mutant plants. (A) Genomic organization and T-DNA insertional allele of
ahl13-1. Exons are shown as solid black boxes. The site of T-DNA insertion is indicated by a grey inverted
triangle. The arrowheads denote the position of the primers for RT-PCR and qRT-PCR. (B) RT-PCR of

ahl13-1 mutant. cDNA isolated from WT plants was used as a control. The amount of cDNA used as a

template in RT-PCR reactions was normalized using the signal from the ACTIN2 gene. (C) qRT-PCR of
ahl13-1 demonstrating that AHL13 full-length transcript is not expressed in ahl13-1 mutant. (D)

Morphological phenotype of 4-week-old WT, ahl13-1 mutant, and OE2 and C8 transgenic plants. (E) Flg22-
induced ROS burst in the WT, ahl13-1, OE2 and C8 plants. Leaf discs from 5-week-old plants were treated
with water or 1 µM flg22 over 40 min. (F) Flg22-induced FLS2 and FRK1 defense marker gene expression
in ahl13-1, OE2 and C8 plants was determined by qRT-PCR relative to WT plants. (G) Four-week-old WT,
ahl13-1, OE2 and C8 plants were spray inoculated with a Pst hrcC- bacterial suspension at an

OD600=0.002, and the bacterial titer was quantified at 2 and 72 hpi. The data are shown as means from

three biological replicates. Asterisks indicate significant differences compared to WT as determined by

Mann–Whitney U test (***P ≤ 0.001, **P ≤ 0.01 and *P≤ 0.05). NS stands for Not significant.



Figure 5. Transcriptome profiling shows that AHL13 regulates hormone and defense response genes. (A)

Heat map of mock and Pst hrcC- induced genes in WT and ahl13-1 plants. The original Fragments Per
Kilobase Million (FPKM) values were subjected to data adjustment by normalized genes/rows and

hierarchical clustering was generated with the average linkage method using MeV4.0. Red color indicates

relatively high expression, and green indicates relatively low expression. (B) Expression pattern of the

gene clusters 1 and 4. (C) GO enrichment of genes for cluster 1 and cluster 4. The percent enrichment was

calculated based on the frequency of genes annotated to the term compared with their frequency in the

genome. (D) qRT-PCR analysis of AHL13-regulated genes in 14-day-old plants treated either with mock or

Pst hrcC- for 24 h. (E) JA, JA-Ile and SA levels in WT, ahl13-1, and OE2 plants were measured after
infiltrated with Pst hrcC- (OD600=0.2) at 0 and 1 dpi. (F) The ahl13-1 plants are insensitive to Botrytis
cinerea infection. Four-week-old WT, ahl13-1, and OE2 plants were drop inoculated with B. cinerea spore
suspension at a density of 5*10

6
spores/mL. The inoculated leaves from three different plants were

harvested and pictures were taken for lesion measurements. Lesion diameter was measured using ImageJ

analysis tool. (G) qRT-PCR analysis of AOC1, AOC2, AOC3, LOX2 and LOX4 genes in WT and ahl13-1
plants with and without Pst hrcC- treatment. (H) qRT-PCR analysis of AOC1, AOC2, AOC3, LOX2 and
LOX4 genes in WT and OE2 plants with and without Pst hrcC- treatment. Asterisks indicate significant
differences compared to WT as determined by Mann–Whitney U test (***P ≤ 0.001, **P ≤ 0.01 and *P≤

0.05). NS stands for Not Significant.



Figure 6. Legend on next page



Figure 6. AHL13 S109/S376 phosphosites affect AHL13 protein stability. (A) Subcellular localization of

transiently expressed pro35S::AHL13wt-GFP, proUbi::AHL13S109A/S376A-GFP,
proUbi::AHL13S109D/S376D-GFP, and proUbi::Serrate-CFP in N. benthamiana leaves. proUbi::Serrate-
CFP served as the control nuclear marker. The localization was visualized 48 h after infiltration by laser
scanning confocal microscopy. GFP fluorescence is in green and CFP fluorescence is in blue. Scale bar =

20 μm. (B) AHL13-GFP expression and protein localization in Arabidopsis root tips of 8-day-old ahl13-1
pro35S::AHL13wt-GFP (C8), ahl13-1 pro35S::AHL13wt-GFP (OE2), phospho-dead ahl13-1
proUbi::AHL13S109A/S376A-GFP (AA2), and phospho-mimic ahl13-1 proUbi::AHL13S109D/S376D-GFP
(DD1). (C) Immunoblotting of AHL13-GFP in WT, OE2, C8, DD1, and AA2 stable lines. Total protein was

extracted from 10-day-old seedlings after treating with and without 50 µM MG132 for 2 h. AHL13-GFP was

analyzed by immunoblotting using anti-GFP antibody and the proteins were stained with Ponceau-S for

loading control. (D) AHL13-GFP expression and protein localization in Arabidopsis root tips of 8–day-old

ahl13-1 proUbi::AHL13S109A/S376A-GFP (AA2) and ahl13-1 proUbi::AHL13S109D/S376D-GFP (DD1)

with and without 50 µM MG132 treatment. Confocal laser scanning microscopy images of GFP

fluorescence (green) and propidium iodide (PI) fluorescence (red) of Arabidopsis roots. Scale bar = 20 μm.

(E) Morphological phenotype of 4-week-old WT, ahl13-1 mutant, OE2, C8, AA2 and DD1 plants. This
photograph is an extension of the photograph of plants shown in Figure 4D. (F) Four-week-old WT, ahl13-
1, OE2 C8, AA2 and DD1 plants were spray inoculated with a Pst hrcC- bacterial suspension at an
OD600=0.002, and the bacterial titer was quantified at 2 and 72 hpi. The data are shown as means from

three biological replicates. Asterisks indicate significant differences compared to WT as determined by

Mann–Whitney U test (***P ≤ 0.001, **P ≤ 0.01 and *P≤ 0.05). NS stands for Not significant. (G)

Theoretical model of the AHL13 trimer. The three protein chains are coloured grey, cyan and magenta. The

secondary structure and semi-transparent surface of the PPC domains are shown. The N- and C-terminal

extensions are modelled in stereochemically plausible random orientations. The AT-hook domains are

shown in green and blue. S109 and S376 are shown as orange and yellow spheres, respectively. (H)

Electrostatic surface of the PPC domain, colour-ramped from red: acidic, to blue: basic. Top, side and

bottom views with respect to (A) are shown for AHL13 (homology model) and for the Bacteroides
thetaiotaomicron vpi-5482 protein bt_1116 (PDB accession number 3htn). Sulphate ions present in the
crystal structure of bt_1116 are shown as yellow spheres to illustrate the possibility of associations of

phosphate groups with the AHL13 PPC domain.


