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Recombinant protein expression in E. coli and purification

10ml of an overnight culture of E. coli BL21-AI or Rosetta harboring His6-tagged, His6-MBP-tagged, GST-tagged proteins or constitutively active MAPKs were diluted in 500 mL LB medium. The culture was grown at 37°C until the OD600 reached 0.8, and then induced with L-Arabinose (Sigma, A3256) for BL21-AI cells or 0.5 mM IPTG (Invitrogen 15529-019) for Rosetta cells at 20°C and incubated overnight. Cells were harvested by centrifugation at 4000×g at 4 °C for 15 min. The bacterial pellet was resuspended in 40 ml of lysis buffer (50 mM NaH2PO4, 300 mM NaCl, 10mM NaCl, pH 8) containing a protease inhibitor cocktail (Complete mini EDTA-free, Roche, 4115449). The cells were lysed by treatment with 2 mg/ml of lysozyme (Thermo scientific, PI89833) for 1 hour on ice, followed by sonication (Branson Digital Sonifier 250-450, runtime 3 min, amplitude 20%, pulse on 2 sec, pulse off 1 sec). The cell lysate was then centrifuged at 20,000xg at 4 °C and the supernatant was purified using glutathione sepharose 4B beads (GE Healthcare,17-0756-01) for purification of GST-tagged proteins or Ni2+-NTA beads (Invitrogen, R901-15) for the purification of His-tagged proteins. The proteins were purified according to the manufacturer’s protocol. The eluted protein was desalted on PD-10 Desalting columns (GE Healthcare, 17-0851-01). Laemmli 2X protein loading dye (0.5M Tris-HCl pH 6.8, 20% Glycerol, 4% SDS, 2% β-Mercaptoethanol and 0.01% bromophenol blue in distilled water) was added to 20ul of proteins and heated for 10 min at 95 °C before analysis on SDS PAGE.

SDS PAGE and Western blotting

The denatured proteins were resolved on a 10 % SDS–polyacrylamide gel for 1h at 100V. PageRuler™ Prestained protein marker (Thermo Scientific, 26616) was used as a size standard in SDS-PAGE and western blotting. The gel was stained with Coomassie SimplyBlue Safe Stain (Life Technologies, LC6065).

For Western blot analysis, proteins were transferred from a gel to an ethanol-activated PVDF membranes (GE Healthcare) in a transfer apparatus for 1 h at 100 V. Subsequently, blots were blocked in 5% skimmed milk in Tris buffered saline with tween 20 (1X TBST) (20mM Tris HCL pH7.5, 150mM NaCl, 0.1% tween 20) for 1 hour followed by incubation with the appropriate primary antibody in 2% skimmed milk on a shaker at 4°C overnight. Blots were then washed three times in 1X TBST and appropriate HRP-conjugated secondary anti-rabbit or anti-mouse antibodies were added. Blots were washed again three times in TBST. The blot was visualized using chemiluminescence (ECl prime detection reagent (GE Healthcare, RPN2232) on an imaging system (ChemiDoc MP Bio-Rad). Equal loading was verified by staining the blot with Ponceau S solution (Sigma; P7170).

Plant transformation of A. thaliana by floral dip method

About five-week-old A. thaliana plants were grown under long days in pots. The transformation was done with Agrobacterium tumefaciens (C58C1) by using the floral dip method (Clough & Bent, 1998). Transgenic plants were selected on MS agar with appropriate selection agent (BASTA 100 μg/mL, Hygromycin 10 μg/mL). Genotypes of survival transgenic plants were validated by PCR in the T1 generation and confirmed in the following 2–3 generations. For all the transformation, four transgenic lines were obtained and were used for phenotypic analysis.

β-Glucuronidase (GUS) staining and subcellular localization

To study the in planta expression of AtDEK2, 1 kb of the promoter region of DEK2 was PCR amplified from RIKEN TAC clone (pdg02820) and cloned into pENTR-D/Topo (Invitrogen) and consequently recombined with the pGWB433 vector by LR reaction to generate ProAtDEK2::Gus construct. The construct was introduced into A. thaliana (Col-O) by Agrobacterium tumefaciens-mediated transformation C58C1. Progeny of these transgenic plants were selected on MS agar plates supplemented with 50 μM kanamycin. Histochemical detection of GUS activity was performed using 5 – 10 day-old seedlings incubated in the GUS staining solution as described in(Jefferson et al., 1987) at 37°C for 1 – 3 hours followed by destaining in Visikol (Phytosys LLC).

Subcellular localization assay was performed on 6-day-old AtDEK2 transgenic A. thaliana complemented stable lines under native promoter fused to YFP.  For Subcellular localization in N. benthamiana, the gene of interest was cloned in fusion with GFP at their N- or C-terminal part under the control of the CaMV-35S promoter (in the pGWB5 vector), or under the control of ubiquitin promoter in the pUBIN-GFP, pUBIC-GFP respectively. Plasmids were transformed into A. tumefacies C58C1 and CFP–serrate as a marker for nucleus were infiltrated into leaves of four-week-old N. benthamiana plants using needle less syringes. After three days, fluorescence signals were excited at 488 nm and detected using an upright Zeiss LSM880 laser scanning confocal microscope with a 20X/40X objective (Plan-Apochromat, NA 1.0).  All images were acquired using Argon laser.

Phosphorylation assay and identification of phosphorylated peptide by LC-MS/MS
 
Purified recombinant proteins and constitutively active MPK6 were mixed together in kinase reaction buffer (20 mM Tris-HCl pH 7.5, 10 mM MgCl2, 5 mM EGTA, 1 mM DTT and 50 μM ATP) and incubated at room temperature for 30 min. The reaction was stopped by adding SDS loading dye followed by boiling at 95 °C for 10 min. Protein samples were resolved by SDS-PAGE and after staining the proteins the band corresponding to the protein of interest was excised out and cut into small pieces of roughly 1-2 mm and de-stained with four successive washes of acetonitrile (ACN) and 100 mM NH4HCO3 for15 min each. The disulphide bridges in the proteins were reduced with 10 mM Tris(2- carboxyethyl)phosphine (TCEP, C-4706 Sigma) in 100 mM NH4HCO3 at 37°C for 1 h followed by alkylation of the sulphide groups with 20 mM S-Methyl methanethiosulfonate (MMTS, 64306 Sigma) at ambient temperature for 30 min. Proteins were then digested overnight at 37°C with trypsin (Porcine trypsin, Promega). To stop the digestion, formic acid was added to a final concentration of 1% and the peptides were recovered by incubating the gel pieces in ACN. The recovered peptide solution was desalted using C18 ZipTip® (Millipore Cat. No. ZTC18S096) and completely dried in a speedvac concentrator and analyzed by LC-MS/MS. Briefly, peptide samples were separated on a C18 column (Acclaim PepMap C18, 25 cm length x 75 μm I.D. x 3 μm particle size, 100 Å porosity, Dionex) connected to an LTQ-Orbitrap Velos or a Q-Exactive HF instrument (Thermofisher Scientific). The MS instrument acquired fragmentation spectra on the top 10 peptides using CID fragmentation in the LTQ-Orbitrap or HCD in the Q-Exactive instrument. RAW data files obtained were converted to MGF files using Proteome Discoverer interface (version 1.4). Database searches were performed with the Mascot server v2.4. The results were filtered based on Mascot scores and MD-scores. 

[bookmark: _heading=h.2jxsxqh]in vitro GST Pull-Down Assay
 
in vitro GST pull-down assay was performed to study the protein-protein interaction between the protein of interest and the three immune MAPKs - MPK3, MPK4 and MPK6. Clarified E. coli lysates of GST-fused MAPKs were incubated with 50 μL of Glutathione sepharose 4B beads for four hours at 4◦C. After washing the beads four times with GST binding buffer (25mM Tris-HCl, pH 7.4, 75 mM NaCl, and 0.5 mM EDTA, 0.5mM DTT, 0.05% Triton X-100, protease inhibitors), beads were incubated with clarified E. coli lysates of His-tagged. proteins of interest in the binding buffer for one hour at 4◦C. The beads were washed again 4 times and bound proteins were eluted by boiling in 2X Laemmli sample buffer (100 mM Tris-HCl, pH 6.8, 10% SDS, 30% glycerol, 5% β- mercaptoethanol, and 0.02% bromophenol blue), separated by SDS-PAGE gel, and visualized by immunoblotting using anti-His antibodies. 

Bimolecular fluorescence complementation (BiFC) 

[bookmark: _heading=h.3rdcrjn]BiFC was used to visualize the protein-protein interaction and determine the subcellular localization of the interacting proteins. DEK2 and the proteins of interest were fused to the N- or C- terminal fragment of YFP that produces a fluorescent readout upon reconstruction of YFP. In the pBIFC1, 2, 3 and 4 vectors used, the expression is under the control of the cauliflower mosaic virus 35S (CaMV-35S) promoter. To test interaction between two proteins by BiFC, eight different combinations of N- or C-terminally tagged YFP fragments were tested. Appropriate positive and negative controls were carried out for all combinations. The constructs were transiently expressed in N.benthamiana leaves by co-infiltration with Agrobacterium. To visualize the fluorescence of the reconstituted YFP expression in leaves, an upright Zeiss LSM880 laser scanning confocal microscope with a 20X/40X objective (Plan-Apochromat, NA 1.0) was used and all images were acquired using Argon laser with 514-nm excitation.

Isolation of RNA from Plant Tissue

50-100 mg of A. thaliana plant leaves or 14 days old seedling grown on ½ MS plates were taken in 2 ml tubes containing 2 steel beads, frozen in liquid Nitrogen and homogenized 2X using a Tissue Lyser (Eppendorf) for 1 min at 20 Hz to obtain a fine powder.  NucleoSpin® Plant RNA kit (Macherey Nagel, 7740949) was used to extract the total RNA from the plant. The procedure was performed according to the manufacturer instructions. The final RNA was eluted in 60 μl of RNAse free water. Finally, the RNA was quantified using Nanodrop and the to assess the purity, the ratio of A260/A280 >2.0 was considered. The RNA was flash frozen in liquid Nitrogen and stored at -80 oC to prevent degradation. 
[bookmark: _heading=h.1ksv4uv][bookmark: _heading=h.44sinio] 
RNA-seq 

mRNA libraries were prepared using the illumina Truseq Stranded mRNA Sample Preparation LS (low sample) kit following the manufacturer’s protocol. Briefly, the mRNA was purified from 1ug of total RNA using poly-T oligo-attached magnetic beads then purified, fragmented and primed. Subsequently, both first and second strands of cDNA were synthesized using SuperScript II reverse transcriptase, followed by adenylation on the 3’ ends and ligation of adapters. The DNA fragments with adapters were amplified by 15 PCR cycles. Finally, the libraries were validated using the 1000 DNA kit on 2100 Bioanalyzer (Agilent Technologies), quantified using qubit (Life Technologies) then barcoded libraries were normalized and pooled in equal volumes. Stranded mRNA libraries were sequenced on an Illumina Hiseq 4000 system using paired-end method. The length of the read was around 150 bp. The RNA-seq was done on three independent biological replicates.

Approximately 40 million reads were obtained for each sample. Reads were quality checked using FASTQC v0.11.5(Andrews, 2012). Adapters and reads with low sequencing quality were filtered using Trimmomatic 0.36(Bolger et al., 2014), retaining first 100 bps and by using other default settings for paired-end sequences. The trimmed reads were then aligned to the A. thaliana reference genome (TAIR10) using Tophat v2.1.1(Trapnell et al., 2009; Trapnell et al., 2012; Kim et al., 2013) with –N 2 –g 1. The annotation file was provided as reference for reads alignment. MultibamSummary from deepTools2 package(Ramírez et al., 2016) was used on the bam files derived from the previous step, to check for the correlation between the replicates. Summary of read counts at gene level was calculated using feature Counts v1.5.1(Liao et al., 2014). Cufflinks v.2.2.1(Trapnell et al., 2012) was used to calculate the FPKM values for individual replicates and CuffDiff v2.2.1 with quartile normalization to find the significant differential gene expression(Trapnell et al., 2012). Genes with 2-fold change and P value <= 0.05 were considered as significantly different between samples with and without treatment. Hierarchical clustering of these genes was performed using Mev v4.8.1(Howe et al., 2011). GO term enrichment in each gene list was carried out using AgriGO(Tian et al., 2017) with a cutoff for significant enrichment is P value < 0.01 and calculation false discovery rate < 0.5.

cDNA synthesis and qRT-PCR analysis 
Reverse transcription was performed using SuperScript™ III First-Strand Synthesis SuperMix (Invitrogen 18080400). The amount of starting material can vary from 0.1pg to 5µg of total RNA and the procedure was performed according to the manufacturer’s protocols. The normalized complementary DNA (cDNA) was used for qRT-PCR reactions. qRT-PCR was carried out on the CFX96/CFX384 real-time PCR machine (Bio-Rad) using SsoAdvanced Universal SYBR® Green Supermix (Bio-Rad,172-5270) with the following parameters: 50oC for 2 min, 95oC for 10 min, 39 cycles at (95oC for 10 sec, 60oC for 40 sec) and 65°C for 30 sec to obtain the melting curve. The qRT-PCR was performed using gene-specific primers listed in the Supplementary Table S3, with A. thaliana Actin (AT3g18780) and ubiquitin (At4g05320) as internal references for normalization. The resulting data was then analyzed using CFX software and values were normalized to WT. Relative expression levels of genes of interest were calculated using the 2−ΔΔCT method. qRT-PCR experiments were repeated in three independent biological replicates, each with three technical replicates.

Yeast Two-Hybrid Analysis to determine DEK2-TCP Class I Protein Interactions
The yeast two-hybrid (Y2H) assay was used to determine the interactions between DEK2 and six Class I TCP proteins. The DEK2 gene was cloned into the Gateway vector pDEST22 that contains the Gal4 activation domain (AD), while the six Class I TCP genes were cloned into Gateway vector pDEST32  containing the Gal4 binding domain (BD). These constructs were transformed into the yeast strains PJA and PJ, respectively. After transformation, the yeast strains were mated, and the resulting double transformants were selected on synthetic dropout media (-LTH) lacking leucine, tryptophan, and histidine. Interaction strength was assessed by incorporating increasing concentrations of 3-amino-1,2,4-triazole (3AT), a competitive inhibitor of the HIS3 reporter gene, to measure the stringency of histidine auxotrophy complementation. To confirm the interactions, an X-gal assay was performed. This involved the detection of β-galactosidase activity driven by the lacZ reporter gene, where positive interactions produced blue coloration upon X-gal hydrolysis.
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