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Abstract
In Arabidopsis thaliana, the nuclear protein DEK2 orchestrates diverse chromatin-related processes and
exhibits phosphorylation in response to �agellin22 treatment, implicating its involvement in plant
immunity against bacterial pathogens. Loss-of-function mutants of dek2 have their immunity
compromised to both bacterial and fungal pathogens. Transcriptomic analysis of the dek2-1 mutant
unveils AtDEK2 as a transcriptional repressor of defense-related genes, as well as genes associated with
hormone synthesis and signaling. Chromatin immunoprecipitation sequencing (ChIP-Seq) analysis
reveals that DEK2 binds to motifs of various transcription factor families, with a notable enrichment in
class I TCP binding motif regions. Our �ndings indicate that DEK2 is recruited to speci�c chromatin
regions by transcription factors and functions as a reader of the bivalent histone mark H3K4me3K27me3.
Consequently, we propose a hypothetical working model wherein DEK2 acts as a transcriptional repressor
targeting regions marked by H3K4me3K27me3, shedding light on its role in plant immunity.

Introduction
Chromatin remodeling plays a pivotal role in the transcriptional regulation of gene expression during
development and stress responses in plants1,2. One of the non-histone chromatin factors is DEK domain-
containing protein. DEKs are abundant non-histone chromatin proteins that are found in multicellular
organisms including animals, plants, fungi as well as some single-celled organisms such as
Trypanosoma, but they are absent in lower eukaryotes such as yeast and Caenorhabditis elegans3. This
indicates that DEK functions represent an evolutionary requisite for chromatin organization and
regulation, which became more complex through evolution4. DEKs were originally identi�ed in humans as
being part of a fusion protein (DEK-CAN) in a subset of patients with acute myeloid leukemia that is
characterized by a speci�c t(6;9) chromosomal translocation5,6. Moreover, DEKs were found in most
human tissues and overexpressed in proliferating cells; therefore, DEKs were associated with various
types of solid tumors7–9. Later, DEKs were identi�ed as an auto antigen in several autoimmune diseases
including juvenile idiopathic arthritis10–12.

Human DEK is a conserved and mostly disordered protein with two domains and no known enzymatic
activity or paralogs suggesting stringent evolutionary pressure on this gene3,13. Data derived from
structural studies by NMR suggest that DEK has two structural domains: a scaffold attachment protein
motif (SAF/SAP box) and a C-terminal DNA-binding domain14,15. The central SAP domain is a DNA-
binding motif that is found in DEK proteins from all organisms and in different chromatin-associated
proteins involved in chromatin processes. The SAF/SAP box motif in DEKs is accompanied by a pseudo-
SAP box with similar structure and different sequence from the SAF/SAP box. A second DNA binding
structure is the carboxy-terminal region that partially overlaps with a multimerization domain.
Phosphorylation of the C-terminal region by casein kinase 2 (CK2) reduces its binding to DNA and
enhances its multimerization, suggesting phosphorylation as a major mechanism in regulating the
function of DEK16. Under stress conditions, other post-translational modi�cations such as acetylation by
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p30017 and poly ADP-ribosylation by PARP118 have been identi�ed as critical regulators of its
DNA/chromatin binding, localization and biological activity15.

Different biochemical studies revealed that DEK prefers to bind cruciform DNA in vitro and introduces
supercoils into dsDNA indicating that DEK might play an active role in maintaining higher-order
chromatin architecture3,19. Another study suggests that DEK-DNA binding depends on the sequence of
the DNA20. In addition to its DNA, histone and chromatin binding properties, some studies have reported
that DEK interacts with RNA and is involved in RNA processing21,22. Therefore, DEK protein is implicated
in regulating several nuclear processes including chromatin structure 4,19,23,24, epigenetic modi�cation,
transcriptional regulation 25–28, mRNA splicing 21,29, chaperone activity 23,27,30–32, DNA replication and
repair 13,33,34.

Recently, the complexity of DEK family members and their functions in vivo was further studied in plants.
The A. thaliana genome encodes four DEK proteins namely DEK1, DEK2, DEK3 and DEK4. Only DEK3 was
further characterized by Waidmann et al. 35 based on its relatively abundant expression level. Accordingly,
DEK3 is a chromatin architectural protein capable of modulating DNA topology, nucleosome occupancy,
chromatin accessibility and gene expression. In addition, plants de�cient in DEK3 exhibited increased
germination e�ciency and survival under high-salinity and high-heat conditions compared to WT plants,
suggesting that DEK3 is important for the regulation of stress responses35. Moreover, DEK3 was found to
be enriched in the up- and down-stream regulatory regions of genes resembling the distribution of H3.3
and RNAPII in both A. thaliana and animals, which proposes a possible role of DEK as a transcriptional
regulator in A. thaliana 32,35. Recently, it was shown that DEK3 is phosphorylated by the salt stress-
activated glycogen synthase kinase 3 (GSK3) and this alters the composition of the nuclear protein
complex harboring DEK3 and affects nucleosome occupancy and chromatin accessibility36. Additionally,
it was shown that DEK3 and DEK4 regulate �oral transition in A. thaliana. Both, DEK3 and DEK4
associate directly with the chromatin of �oral repressors FLOWERING LOCUS C (FLC), and its two
homologs, MADS AFFECTING FLOWERING4 (MAF4) and MAF5, to promote their expression. Histone
modi�cations at the FLC, MAF4 and MAF5 loci are also affected by the binding of DEK3 and DEK4 to the
histone octamer37.

In a large-scale quantitative phosphoproteomic study DEK2 was found to be phosphorylated in response
to �g22 treatment suggesting an important role in plant immunity to bacterial pathogens38. Loss of
function DEK2 plants have their immunity compromised to bacterial and fungal pathogens compared to
wild type plants. Global transcriptome pro�ling suggested that DEK2 is a transcriptional repressor. We
carried out ChIP-seq analysis and found that DEK2 binds to the regions around the TSS and TES
indicating that DEK2 regulates the transcription of its target genes after being recruited by TFs.
Additionally, the dek2 transcriptome pro�le closely resembled that of a methyltransferase hinting at the
possibility of DEK2 being a reader of histone methylation marks. Using a combination of in silico and
biochemical analyses, we determined that DEK2 preferentially binds to H3K4me3 and H3K27me3 to �ne
tune the regulation of the target genes.
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Results

Isolation and characterization of DEK2 lines
To investigate the role of DEK2 in vivo, we obtained two independent T-DNA insertion mutant lines dek2-1
(SALK_1375152C) and dek2-2 (SALK_033428) in At5g63550 from the National Arabidopsis Stock Center
(NASC). The dek2-1 and the dek2-2 mutants contain T-DNA insertions in exon 9 and intron 3 of the DEK2
gene, respectively (Supplementary Fig. 1A). The T-DNA insertion in the DEK2 gene was con�rmed by
sequencing. The four-week-old dek2 mutants showed no developmental phenotype compared to WT
plants (Supplementary Fig. 1B). Genotyping of the two mutants using allele speci�c primers shows that
both T-DNA lines are homozygous (Supplementary Fig. 1C).

DEK2 expression levels in the WT and dek2 mutants were tested by RT-PCR and qRT-PCR. Transcript
levels in both dek2 mutants were reduced compared to WT, indicating that the T-DNA insertion disrupted
the expression of the full-length sequence. Thus, both insertion lines are dek2 loss-of-function mutants
(Supplementary Fig. 1D and E). To investigate the expression pattern of DEK2 in A. thaliana plants, we
performed histochemical GUS (β-Glucuronidase) staining of DEK2 promoter-GUS lines. DEK2 promoter
activity was detected particularly in the shoot apical meristem, root tip and emerging lateral roots. GUS
expression was detectable in the cotyledons but appeared mostly in newly emerging rosette leaves
(Supplementary Fig. 1F).

Involvement of DEK2 in plant defense
To elucidate the role of DEK2 in A. thaliana immunity, WT and dek2 T-DNA mutant plants were challenged
with the hemibiotrophic bacterial pathogen Pseudomonas syringae pv. tomato DC3000 (Pst DC3000).
Plants were spray-inoculated with the virulent bacterium and the number of bacteria was counted at 3
and 48 hours post infection (hpi). There was no change in the bacterial titers at 3 hpi in WT and dek2
mutants indicating that DEK2 is not involved in stomatal immunity. At 48 hpi, dek2 mutant plants
displayed more disease symptoms than WT. Similarly, bacterial growth in infected leaves of both dek2
mutants was signi�cantly higher in comparison to WT at 48 hpi (Fig. 1A).

Production of reactive oxygen species (ROS) is a defense hallmark induced by �g22. dek2-1 mutant
shows increased �g22-triggered ROS production compared to WT (Fig. 1B). Callose deposition, another
PTI response to limit pathogen attack after �g22 treatment, was also tested in the mutant plants.
Although dek2-1 shows a lower number of callose deposits in untreated conditions, both dek2 mutants
show increased �g22-induced callose deposits (Fig. 1C and D). These data suggest that DEK2 is a key
regulator of plant defense to pathogenic bacteria. We then looked at the MAPK activation in the WT and
mutant plants and observed that both dek2 mutant plants are compromised in their MAPK activation in
response to �g22 treatment (Fig. 1E).

To test whether the disease phenotypes observed in dek2 mutant plants are linked to changes in gene
regulation, we performed RNA-seq analysis of 14-day-old dek2-1 mutant and WT plants in untreated
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conditions and 24 h after treatment with Pst DC3000 hrcC. Pst-hrcC pathogen has a defect in type III
secretion system necessary for the delivery of effectors and therefore it is used for studying PTI. Samples
from three independent biological repeats were collected for RNA-seq analysis. In unstressed conditions,
among 23639 detectable transcripts, 298 differentially expressed genes (DEGs) (cut-off fold change ≥ 2,
P value ≤ 0.05, q value ≤ 0.05) were identi�ed in dek2-1 mutant compared with WT plants
(Supplementary Table 1). Among the DEGs, 63% were upregulated suggesting that DEK2 functions as a
repressor of transcription (Fig. 1F). The 184 upregulated genes are enriched in GO terms associated with
response to stimulus, response to chitin, response to stress, defense response, response to hormone
stimulus and immune response. The 114 down-regulated genes show enrichment in genes involved in
photosynthesis, oxidation-reduction and generation of precursor metabolites and energy. Under stress,
there were 254 genes down-regulated in dek2 compared to WT and these genes were enriched in
regulation of biosynthesis process and regulation of transcription whereas the 131 up-regulated genes
were associated with GO terms including response to stress, defense response and response to
wounding.

To further investigate how DEK2 modulates the expression of its target genes, we used a dual luciferase
system where DEK2-RFP was expressed under CaMV 35S promoter, pMYC2 was fused to Fire�y-Luc and
Renilla-Luc was expressed under CaMV 35S as the internal control. As shown in Fig. 1G, in tobacco
leaves, DEK2 was able to repress the expression of Fire�y-Luc signi�cantly. TCP20 was used a positive
control for the repression of the pMYC2 activity.

Hierarchical clustering of DEGs in the dek2-1 mutant and WT in the resting and stress conditions showed
a large set of genes which were upregulated in the dek2-1 mutant compared to the WT without treatment
(Fig. 1H). These clusters were sub-grouped into ten clusters based on similarity in transcription between
WT and dek2-1 in the mock and treated conditions. To gain a general overview of the transcriptional
changes, we performed a Gene Ontology (GO) enrichment analysis for three of the interesting clusters
(Fig. 1H). Cluster II (genes induced in dek2-hrcC more than in WT-hrcC) was mainly associated with
defense responses and glucosinolate related processes. Interestingly, cluster III (genes induced in dek2
but not in the WT in the mock and behave oppositely after treatment) was enriched with GO terms
involved in responses to hormones and hormone signaling. Many defense-related transcription factors,
such as MYBs and ERFs bHLH were over-represented in cluster III. Cluster IX (genes only induced in WT-
hrcC) represents genes associated with defense responses, transcription regulation and RNA processes
including ERF6, ERF4, MYB73, MYB15 and ZAT6. Collectively, the data suggest that DEK2 might control
general gene transcription as a transcriptional repressor.

Hormone metabolism and homeostasis are affected in
dek2
The RNA-seq-based transcriptome analysis indicated that the expression of a number of genes
associated with jasmonic acid (JA) biosynthesis and signaling pathways are affected in dek2-1 mutant.
Consequently, we quanti�ed the levels of three major phytohormones involved in plant responses to
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stresses, namely JA, ABA and SA, in WT and dek2-1 mutant with or without Pst DC3000 infection from six
biological replicates. In untreated plants, the JA and JA-ile levels were higher in the mutant compared to
the control (Fig. 2A) whereas ABA levels were lower in the mutant compared to WT. Upon hrcC-treatment,
SA levels were remarkably reduced compared to WT. To check if this hormone imbalance was also
re�ected at the transcriptional level, the expression of genes involved in JA biosynthesis including LOX,
AOC and AOS genes were measured and found to be up-regulated (Fig. 2B). In addition, the ethylene
biosynthesis genes, 1-Aminocyclopropane-1-Carboxylic Acid Synthase (ACS), namely ACS8 and ACS6
were upregulated in the mock conditions (Fig. 2B). Since JA plays a critical role in necrotrophic fungal
infection, we tested the response of dek2 mutant plants to the necrotrophic fungus B. cinerea. After two
days of drop-inoculation with 5x105 spores/ml, dek2 mutants formed smaller necrotic lesions compared
to WT plants. This result indicates that dek2 loss-of-function mutant is more resistant to the pathogenic
fungi (Fig. 2C and D).

Determination of DEK2 target sites by ChIP-Seq
We generated complementation lines expressing DEK2-YFP under its own promoter (Supplementary Fig.
2). To determine how DEK2 plays a role in plant immune response, we explored the genomic loci at which
DEK2 exerts its activity by chromatin immunoprecipitation-sequencing (ChIP-Seq) using anti-GFP
antibody in DEK2-YFP expressing lines and mapped the datasets to the A. thaliana genome. The
experiments were performed on two-week-old seedlings comparing WT expressing GFP and dek2-1
complemented by pDEK2::gDEK2:YFP from three biological replicates. The majority of the binding sites of
DEK2-YFP remarkably covered the region surrounding the transcription start site (TSS) as well as the
region of transcription end site (TES), suggesting the involvement of DEK2 in transcription (Fig. 3A). The
maximum enrichment was found in the upstream promoter region compared to other regions (Fig. 3B).
The ChIP-Seq data identi�ed 4269 high con�dent binding sites for DEK2-YFP associated with 4253 genes
in the A. thaliana genome (Supplementary Table 2). Through the use of the MNase-seq experiment on
wild-type plants, we were able to identify MNase hypersensitive sites and investigate further the link
between nucleosome regions and DEK2-YFP enriched loci. Using this technique, we discovered that in
wild-type seedlings, the DEK2-YFP peaks primarily exhibit an anti-correlation with nucleosomal
occupancy (Fig. 3C). Additionally, we used an ATAC-seq (assay for transposase-accessible chromatin
utilizing sequencing) method, which enables nuclesosome-free regions (NFRs) to be precisely positioned.
Remarkably, testing showed that NFR pro�les and DEK2 placement around the TSSs correlated perfectly
(Fig. 3D). Together, these results revealed that DEK2 is commonly enriched over hundreds of genes' 5′
NFR, which is consistent with DEK2 possibly having a direct impact on local transcriptional regulation.
We investigated the correlation between DEK2 enrichment and mRNA levels in order to comprehend the
link between DEK2 and gene expression. This showed that the quantity of transcripts at particular loci
and the binding frequency of this protein were positively correlated (Fig. 3E). We postulated that DEK2-
association was with particular DNA-sequence motifs rather than chromatin markers because DEK2-YFP
distribution is enriched over NFRs. The G-box consensus sequence TGGGCC was shown to be an over-
represented cis element inside the DEK2 peaks by de novo motif �nding using the HOMER software (Fig.
3F). It is known that this motif recruits several transcription factors, including bZIP and WRKY.
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DEK2 is recruited by transcription factors (TFs) to target
sites on the DNA
In order to con�rm the binding of DEK2 to the TCP DNA motif, we carried out electrophoretic mobility shift
assay (EMSA) by incubating puri�ed recombinant His-MBP-DEK2 with a biotin-labeled TCP binding DNA
probe. DEK2 did not bind to the probe while the positive control used for the assay showed proper binding
(Supplementary Fig. 3). Since the ChIP-seq experiments showed several binding sites corresponding to
different TFs, we hypothesized that DEK2 is recruited by the TFs to the target sites on the DNA. To test
this hypothesis and since class I TCPs were the most prominent group of TFs, we tested the binding of
DEK2 with TCPs. Using yeast two-hybrid (Y2H) assay, we tested the interaction of DEK2 with 6 different
class I TCPs – TCP8, TCP9, TCP15, TCP19, TCP20 and TCP21 and found that DEK2 interacts with a few
TCPs but most strongly with TCP20 (Fig. 3G). The positive and negative controls for TCP20 are shown in
panel G. To further con�rm this interaction, we carried out bimolecular �uorescence complementation
with TCP20 and DEK2 to demonstrate that the two proteins do interact with each other (Fig. 3H).
However, the targets of DEK2 and TCP20 showed very little overlap suggesting that TCP20 also regulates
a number of genes independently of DEK2 (Fig. 3I). The peaks of IP samples are higher than those of the
input, indicating clear DEK2-binding regions of the target genes. Among these common genes were
MKK9, ERF1, ERF6, WEI2, PBL39 that are known to mediate defense responses. The regulation of ACS6,
which is involved in ET biosynthesis pathway is known to occur via the MKK9-MPK3 pathway that
activates WRKY33 and ultimately induces the expression of ACS6.

DEK2 is a reader of bivalent histone methylation marks
The RNA-seq data strongly suggest that DEK2 acts as a transcriptional repressor of different sets of
genes that are primarily involved in plant defense against bacterial pathogens. Therefore, we looked for
the most similar transcriptome pro�les in the A. thaliana database using the signature tool of
Genevestigator, which compares the global expression levels of an experiment of interest to a subset of
other global transcriptome pro�les with similar gene responses. Interestingly, when we compared the
transcriptome pro�le of dek2-1 with the ones found in the repository, dek2-1 showed highest similarity to
the triple mutant of TRITHORAX-RELATED PROTEIN 5/6 (atxr5/6) and MORPHEUS’ MOLECULE 1 mutant
(mom1) (Supplementary Fig. 4).

ATXR5 and ATXR6 function as methyl transferases of H3K27me1 in A. thaliana, therefore we
hypothesized that DEK2 might act as a reader of histone methylation marks. The binding of DEK2 to
H3K4, H3K9, H3K27 methylation marks may represent its ability to target or read these histone
methylation marks.

DEK protein orthologues of Human and Drosophila have been shown to interact with histones23,24,32.
More recently A. thaliana DEK3 and DEK4 were also shown to be interacting with histones35,37. To
investigate if DEK2 also binds to histones, we incubated His-MBP-DEK2 bound Ni-NTA beads with
histones puri�ed from calf thymus and then after resolving the proteins by SDS-PAGE and western
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blotting, we probed the blot with antibodies against H2A, H3 and H4. DEK2 interacted predominantly with
H3 and to some extent with H4 but not with H2A (Fig. 4A).

To further examine the binding of recombinant A. thaliana His6-MBP-DEK2 protein with differentially
methylated histone H3 peptides, we employed both quantitative peptide pull-down assays and microscale
thermophoresis (MST). Both the assays showed that DEK2 failed to recognize the singly modi�ed H3
peptides (Fig. 4B, C and Supplementary table X). Only a weak binding was observed with H3K9me1
peptide with a Kd around 304 µM. A histone H3K9me3 binding protein UHRF1 39 was used as a positive
control in the binding assay.

However, the chromatin is a complex environment characterized by the co-existence of numerous histone
modi�cations on a single or neighboring nucleosomes. Indeed, certain readers were shown to recognize a
combination of modi�cations rather than a single one such as the human BPTF that binds H4K16ac, in
combination with H3K4me340 and the rice CHD3 protein CHR729 that bind H3K4me3 and H3K27me341.
To probe whether DEK2 might recognize a speci�c combination of chromatin marks, an in silico
chromatin state analysis was performed using the chromatin topology established by Sequeira-Mendes
et al.,42. When examining the overlap between DEK2-bound sequences and the different chromatin states,
we could observe a strong enrichment both for chromatin states 1 and 2. Chromatin state 1 is found
mostly on promoters and gene bodies and is enriched in active marks such as H3K4me2, H3K4me3 and
H3K36me3 while chromatin state 2 is mostly found on promoters and is characterized by the
simultaneous presence of the antagonistic marks H3K27me3 and H3K4me3. The preferential localization
of DEK2 on state 1 and 2 loci suggests that DEK2 might recognize activating marks such as H3K4me2 or
3 which are found in both chromatin states, or the bivalent H3K4me3-H3K27me3 chromatin state (Fig.
4D).

As DEK2 can act as a repressor or an activator on its target genes, we investigated whether its target
genes could be linked to the speci�c chromatin states. We therefore segregated the DEK2 target genes
into three categories depending on the impact of the absence of DEK2 on their transcriptional levels and
examined their chromatin state. We found that all DEK2 target genes are enriched in State 1, regardless of
the role of DEK2 on their transcriptional regulation. However, only the genes which are upregulated in the
dek2 mutant showed an enrichment in State 2, suggesting that DEK2 might act as a transcriptional
repressor of certain bivalent genes (Fig. 4E) which are enriched in H3K4me3K27me3 histone marks.

To con�rm the in-silico analyses, we performed the binding assays of recombinant A. thaliana His6-MBP-
DEK2 protein with H3K4me2, H3K4me3, H3K27me2, H3K27me3, H3K4me3K27me3 histone peptides.
DEK2 speci�cally recognized the bivalently modi�ed peptide H3K4me3K27me3 with a Kd of ~ 65 nM
(Fig. 4F and Table 1).
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As the chromatin states de�ned by Sequeira-Mendes et al.,42 are generated by combining ChIP-seq
datasets generated by distinct studies and both H3K4me3 and H3K27me3 distributions are known to be
highly dynamic during development but also the day-night cycle43,44, it was crucial to verify that both
marks actually co-occur at the same time on DEK2 target genes. We, therefore, performed separate ChIP
with H3K4me3 and H3K27me3. While the levels of each mark varied slightly depending on the gene, all
putative bivalent DEK2 targets tested showed an enrichment in H3K4me3 and H3K27me3 at the same
locus, reinforcing the idea that those genes might be bivalent and that DEK2 might act as a bivalency
reader.

Discussion
To defend against a multitude of biotic aggressors, plants have evolved a plethora of complex immune
response pathways which enable them to cope with such adverse conditions45. PAMP recognition by
plant receptors activates signal transduction by MAPK signaling cascades leading to transcriptional
reprogramming of defense-related genes and PAMP-triggered immunity responses. Research over the last
decades has identi�ed important transcription factors and chromatin-related proteins targeted by
immune MAP kinases to regulate transcriptional re-programming of immune-related genes46. Some of
these immune MAPK targets are involved in chromatin modi�cation and remodeling in A. thaliana. For
example, �g22-activated MPK3 directly interacts and phosphorylates histone deacetylase (HD2B) to
regulate the reprogramming of defense gene expression and innate immunity through modulation of the
H3K9ac histone mark47.

DEK2 was identi�ed from chromatin phosphoproteomics as a protein that gets phosphorylated upon
�g22 treatment38. The in vivo �g22-induced phosphorylation of DEK2 on S238 was compromised in
mpk6 mutant suggesting that DEK2 is a MPK6 substrate. Recently, DEK3 was shown to be
phosphorylated by GSK3 altering nucleosome occupancy and chromatin accessibility36. Furthermore, in
humans, non-phosphorylated DEK binds to DNA and this DEK-DNA binding is weakened by the
phosphorylation of the C-terminal DEK domain by casein kinase 2 (CK2)16. These studies show that
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phosphorylation of DEKs occurs in plants and humans and suggests that further investigations are
warranted to clarify the role in chromatin regulation.

The presence of multiple DEK genes in plants compared to other eukaryotic genomes which have only
one paralog might be due to gene duplication events during plant evolution to acquire novel gene
functions that contribute to improved vigor and adaptation to adverse environmental conditions48.
Extensive studies in other higher eukaryotes reported DEK as a chromatin related protein that regulates
different chromatin related processes. In contrast, the functions of DEKs in plants are less understood. A
study on a member of the A. thaliana DEK family, DEK3, showed that this protein speci�cally interacts
with histones H3 and H4 and regulates nucleosome occupancy and chromatin accessibility. The study
further showed that DEK3 plays a negative role in regulating salt-stress by modulating the expression of
downstream target genes relevant to abiotic stress responses35. In our phosphoproteomics study, DEK2
was phosphorylated in response to PAMP treatment suggesting that DEK2 might play a signi�cant role in
biotic stress. To test this hypothesis, we performed pathogen assays on WT and dek2 loss-of-function
mutants and observed that dek2 mutants are more susceptible to both bacterial (Pst DC3000) and fungal
(B. cinerea) pathogens. In addition, the dek2 mutant plants were also found to be deregulated in the
generation of ROS and callose deposits after PAMP treatment compared to WT. Taken together, these
results indicate that DEK2 plays a crucial role in plant immunity.

Under unstressed condition, the majority of DEGs in dek2 mutant were up-regulated compared to WT,
including many hormone biosynthesis pathway genes and transcription factors. These data indicate that
DEK2 acts as a general transcriptional repressor as was shown for DEK335. To understand how DEK2
regulates the expression of these genes and investigate the global distribution of DEK2 on the genome,
we performed ChIP-seq with DEK2:DEK2-YFP plants. ChIP-Seq analysis showed that DEK2 binding was
highly enriched in regions around TSS and TES. To correlate DEK2 binding to changes in gene
expression, ChIP-seq results were compared to the transcriptome of the dek2 mutant to �nd the direct
target genes and potential binding sites of DEK2 in these chromatin regions. DEK2 binds to PCF motif
consensus sequence TGGGC(C/T) to regulate transcription. The PCF/TCPs are transcription factors with
a conserved bHLH motif, called TCP domain49–52. The 24 TCPs encoded by the A. thaliana genome are
divided into two classes, class I with 13 members and class II with 11 members, which are proposed to
act antagonistically53,54. Beside their function as classical developmental regulators, several studies have
shed light on the role of TCP proteins in plant immunity via stimulating the biosynthetic pathways of
bioactive metabolites including BR, JA and �avonoids55–62. Hs-DEK and Dm-DEK proteins interact with
histones and play a role in nucleosome assembly and DEK3 was implicated in similar processes at DEK3
target sites in A. thaliana. These data strongly enforce DEK3 as a histone chaperone23,24,35.

Additionally, the global transcriptome pro�le of untreated dek2 mutant shows a similarity to that of
atxr5/6/mom1 triple mutant. Previous studies have identi�ed ATXR5 and ATXR6 as monomethyl
transferases of H3K2763 while MOM1 is a component of a silencing machinery of highly repetitive
sequences independent of DNA methylation marks64,65. Mutations in atxr5 and atxr6 lead to
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transcriptional activation of repressed heterochromatic elements whereas mutation in MOM1 releases
transcription gene silencing independently of the epigenetic markers63. Previous studies indicated that
different stresses can mediate changes in chromatin structure and therefore initiate transcriptional stress
responses66,67. In A. thaliana, DEK3 is crucial for abiotic stress tolerance35. Histone post-translational
modi�cations such as acetylation, methylation, phosphorylation, ubiquitination, sumoylation,
carbonylation and glycosylation represent an important level in epigenetic regulation68,69. Depending on
their targets, histone methylation on histone tail can either activate or repress transcription. For example,
A. thaliana H3K4me3 and H3K36me3 are associated with gene activation whereas H3K9me1/2 and
H4K20me1 are enriched at constitutive heterochromatin and silenced transposons and H3K27me3 is
associated with repressed genes70,71. The regulation of gene activity requires different writers, readers
and erasers of histone methylation72. Our in silico analysis and biochemical binding analysis shows the
preferable binding of DEK2 to bivalent histone marks H3K4me3 H3K27me3 compared to other histone
methylation marks. ChIP-PCR of a few DEK2 targets with H3K4me3 and H3K27me3 antibodies con�rms
that DEK2 indeed binds to chromatin states with these bivalent histone marks. The data suggest that
DEK2 acts as a reader that speci�cally binds to H3K4me3K27me3 marks in A. thaliana. The known
reader of H3K9me3 from �ssion yeast to mammalian is heterochromatin protein 1 (HP1) that recognizes
H3K9me3 through its conserved chromodomain and maintains heterochromatin formation73,74. A.
thaliana LIKE HETEROCHROMATIN PROTEIN 1 (LHP1), the homolog of HP1, recognizes H3K27me3 and
resembles Polycomb proteins75,76. A paper by Zhao et al. identi�ed Agenet Domain Containing Protein 1
(ADCP1) as a multivalent H3K9me reader in plants77. In A. thaliana, only EBS and SHL were described as
bivalent readers, but contrary to DEK2, they could also bind peptides carrying only K4me3 or only
K27me378,79. This would make DEK2 the �rst plant reader that speci�cally binds to K4me3K27me3.

Based on all the data obtained, we propose a hypothetical working model (Fig. 5). Under unstressed
condition (Fig. 5A), DEK2 is recruited by TFs and thereby regulates the expression of the target genes.
This is supported by the transcriptome data of dek2 that show that the majority of genes are upregulated
in dek2 mutant. Upon pathogen attack or PAMP treatment, DEK2 might disassociate from the DEK2-TF
complex, and as a consequence, drives the expression of target genes (Fig. 5B). DEK2, which according to
our data functions as a reader of H3K4me3k27me3 marks, adds another layer of speci�city to the
regulation of transcription and epigenetic control.

Materials and methods

Plant materials and growth conditions
A.thaliana Columbia accession (Col-0) was used as wild-type plant in this study. The DEK2 T-DNA
insertion mutants dek2-1 (SALK_1375152C) was provided by Claudia Jonak and dek2-2 (SALK_033428)
was obtained from the Nottingham Arabidopsis Seed Centre (NASC) and genotyped by PCR for
homozygosity.
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A. thaliana seeds were surface sterilized in a solution of bleach: ethanol: H2O (V:V:V::1:4:3) for 10 min
and washed four times with sterile water. The seeds were then strati�ed by placing them at 4°C for 48 h.
Seedlings were grown on 1/2 MS plates in a plant growth chamber for 14 days at 21°C with 75% relative
humidity under 16 h of daylight. A. thaliana plants were grown on Jiffy-7 pots to prevent contaminations
from garden soil for four weeks at 23°C, 60% relative humidity with an 8 h light/16 h dark short-day
photoperiod and 16 h light/8 h dark long day photoperiod in environmentally controlled growth cabinet
(Percival). 2g/L of fertilizer were added on the second and fourth weeks. N.benthamiana plants were
grown in the green house under these conditions: humidity 70%, temperature 28°C, long day.

Pathogen strains and growth conditions
Escherichia coli (E. coli) bacteria was grown on LB broth or agar medium for cloning and protein
expression purposes. The bacterial pathogen Pseudomonas syringae pv. tomato DC3000 (Pst DC3000)
and hrcC− mutant (defective in type III secretion system) strains were grown on NYGA agar medium
supplemented with 50 mg/ml rifampicin at 28°C for 48h for infection assay hormone quanti�cation and
RNA-seq experiment. Agrobacterium tumefaciens (C58C1) was grown in 10 ml LB medium with
appropriate antibiotics overnight at 28°C for generating transgenic lines and transient expression studies.
The necrotrophic fungus Botrytis cinerea strain BS05.10 was grown on potato dextrose plates at 22°C for
two weeks in dark.

Plant transformation of A. thaliana by �oral dip method

About �ve-week-old A. thaliana plants were grown under long days in pots. The transformation was done
with Agrobacterium tumefaciens (C58C1) by using the �oral dip method80. 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 con�rmed in the
following 2–3 generations. For all the transformation, four transgenic lines were obtained and were used
for phenotypic analysis.

Infection of A. thaliana with Pseudomonas syringae pv. tomato DC3000

Pseudomonas syringae pv. tomato DC3000 (Pst DC3000) bacteria were resuspended in 10 mM of MgCl2
in the presence of 0.04% Silwet L-77 and adjusted to OD600 = 0.2. Four-week-old A. thaliana plants were
spray-inoculated with Pst DC3000 bacteria and the bacterial growth was quanti�ed as described earlier38.
The infection assays were repeated three times with reproducible results.

Infection of A. thaliana with Botrytis cinerea

The necrotrophic fungus B.cinerea was cultivated for 14 days and spores were collected in Vogel buffer
(for 1 L: 15 g of Sucrose, 3 g of Na-citrate, 5 g of K2HPO4, 0.2 g of MgSO4·7H2O, 0.1 g of CaCl2·2H2O,
and 2 g of NH4NO3) as previously described81. Spore number was determined using a hemocytometer
and adjusted to a �nal conc of 5 ×105 spores/ml. Five leaves of four-week-old plants were drop
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inoculated with 5 µL of the spore suspension and the trays were cover to maintain humidity. 6–8 plants
were used per genotype. Photographs were taken two days after inoculation, and the lesion
diameter/area was determined using ImageJ software.

Oxidative burst Measurement
Luminol-HRP-based luminescence method was carried out to quantify ROS in treated leaves. Brie�y, 4-
mm leaf discs from four-week-old A. thaliana were �oated in 150µL dH2O overnight in a 96-well plate in
continuous light. Water was then replaced by 100 µl of elicitation reaction mixture containing 1 µM �g22
(QRLSTGSRINSAKDDAAGLQIA) synthesized peptide by GenScript or 100 µM chitin from shrimp shells
(Sigma, C9752), 170 µg/ml luminol (Sigma, A4685) and 100 µg/ml horseradish peroxidase (Sigma,
P6782). Addition of the same solutions without �g22 or chitin served as controls. Plates were placed
immediately into Promega GloMax navigator plate reader and luminescence was recorded at one min
intervals over 40 min. Every time point is the mean value of 8 seedlings.

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 ampli�ed
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 in82 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 in�ltrated into leaves of four-week-old N. benthamiana plants using needle less syringes.
After three days, �uorescence 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.

Bimolecular �uorescence complementation (BiFC)
BiFC was used to visualize the protein-protein interaction and determine the subcellular localization of the
interacting proteins. The three MAPKs and the proteins of interest were fused to the N- or C- terminal
fragment of YFP that produces a �uorescent readout upon reconstruction of YFP. In the pBIFC1, 2, 3 and
4 vectors used, the expression is under the control of the cauli�ower mosaic virus 35S (CaMV-35S)
promoter. To test interaction between two proteins by BiFC, eight different combinations of N- or C-
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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-in�ltration
with Agrobacterium. To visualize the �uorescence 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.

Quanti�cation of Phytohormones
Plant hormones (ABA, JA and SA) were extracted and quanti�ed as previously reported83. Four-week-old
A. thaliana plant were harvested 24h after spray inoculation either with 10mM of MgCl2 containing 0.04%

of Silwet L-77 as control or infected with Pst DC3000 hrcC− pathogen as described above. Subsequently,
plant materials were lyophilized and ground in a Gino grinder (for 2 cycles of 45 sec each, at 1150rpm).
10 mg of plant materials were weighed and extracted with 1 mL of extraction solution containing 70%
methanol and the respective phytohormone internal standards (d6-ABA, d6-JA, and d4-SA). Five replicates
were prepared for each condition. Extraction procedure and hormone quanti�cation were performed as
described84. Samples were analyzed using an Agilent 1100 HPLC system (Agilent Technologies,
Böblingen, Germany) connected to a LTQ Ion trap mass spectrometer (Thermo Scienti�c, Bremen,
Germany), and the quanti�cation of phytohormones was based on a calibration curve using original SA,
JA and ABA standards.

�g22-induced callose deposition
Fourteen day old A. thaliana seedlings were grown on ¹⁄� MS agar plates and then transferred to ¹⁄� MS
liquid medium in 12 wells plate before treating with water as control or 1 µM �g22 as a PAMP for 24 h.
Then seedlings were �xed in acetic acid: ethanol (1:3 v/v) over night, rehydrated with ethanol (50% v/v)
for 1 h, ethanol (30% v/v) for 1 h and then twice with sterilized H2O. Cleared seedlings were stained with
0.01% aniline blue dissolved in 150 mM K2HPO4. Stained leaves were mounted using 50% glycerol and
imaged under a UV microscope (Nikon). Callose deposits were estimated after processing the images by
Photoshop and ImageJ software (http://rsb.info.nih.gov/ij/). Six seedlings were analyzed for each
treatment.

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 �ne 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 �nal RNA was eluted in 60 µl of RNAse free water. Finally, the RNA
was quanti�ed using Nanodrop and the to assess the purity, the ratio of A260/A280 > 2.0 was considered.
The RNA was �ash frozen in liquid Nitrogen and stored at -80 oC to prevent degradation.

cDNA synthesis and qRT-PCR analysis
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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-speci�c 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.

RNA-seq
mRNA libraries were prepared using the illumina Truseq Stranded mRNA Sample Preparation LS (low
sample) kit following the manufacturer’s protocol. Brie�y, the mRNA was puri�ed from 1ug of total RNA
using poly-T oligo-attached magnetic beads then puri�ed, fragmented and primed. Subsequently, both
�rst 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 ampli�ed by
15 PCR cycles. Finally, the libraries were validated using the 1000 DNA kit on 2100 Bioanalyzer (Agilent
Technologies), quanti�ed 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 v0.11.585. Adapters and reads with low sequencing quality were �ltered using Trimmomatic
0.3686, retaining �rst 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 v2.1.187–89 with –N 2
–g 1. The annotation �le was provided as reference for reads alignment. MultibamSummary from
deepTools2 package90 was used on the bam �les 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 v1.5.191. Cu�inks v.2.2.189 was used to calculate the FPKM values for individual replicates and
CuffDiff v2.2.1 with quartile normalization to �nd the signi�cant differential gene expression89. Genes
with 2-fold change and P value < = 0.05 were considered as signi�cantly different between samples with
and without treatment. Hierarchical clustering of these genes was performed using Mev v4.8.192. GO term
enrichment in each gene list was carried out using AgriGO93 with a cutoff for signi�cant enrichment is P
value < 0.01 and calculation false discovery rate < 0.5.
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Dual-luciferase transient expression analysis in tobacco
leaves
The transcriptional repression activity of DEK2 was assayed using a dual-luciferase transient expression
system in tobacco (Nicotiana benthamiana) leaves as described94. Brie�y, pMYC2 was fused to a Fire�y
Luciferase reporter gene, the regulator/effector (DEK2 and TCP20 as positive control) were fused to RFP
and expressed under a CaMV 35S promoter. The expression of RFP was used to con�rm the expression
of the regulator/effector. Renilla-Luciferase expressed under the CaMV 35S promoter was used to
normalize the transformation e�ciency. The reporter and effector constructs were introduced into
Agrobacterium tumefaciens strain GV3101 by electroporation. The transformed Agrobacterium cells were
injected into the abaxial side of 4-week-old tobacco leaves using a 1 ml syringe. After 48 hours, D-luciferin
substrate was sprayed on the leaves and the reporter gene activity was measured using a CCD
Luminescence camera and images acquired.

Recombinant protein expression in E. coli and puri�cation

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 scienti�c, PI89833) for 1 hour on ice, followed by sonication (Branson Digital Soni�er 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 puri�ed using glutathione sepharose 4B beads (GE
Healthcare,17-0756-01) for puri�cation of GST-tagged proteins or Ni2+-NTA beads (Invitrogen, R901-15)
for the puri�cation of His-tagged proteins. The proteins were puri�ed 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 Scienti�c, 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).
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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 veri�ed by staining the blot
with Ponceau S solution (Sigma; P7170).

Chromatin immuno-precipitation (ChIP)
ChIP seq was performed as described in 47. Brie�y, ChIP was performed on 14-day-old seedlings (grown in
short day condition, in ½ MS agar plates) using anti-GFP (Santa Cruz). ChIP was performed as previously
described95. Brie�y, plant materials were cross-linked with 1%(v/v) formaldehyde under vacuum.
Chromatin was isolated and fragmented by sonication (30 sec on/off pulses, at high intensity for 60 min)
using a water bath Bioruptor UCD-200 (Diagenode, Liège, Belgium) Later, the sonicated protein/DNA was
incubated with antibodies (overnight at 4°C with gentle shaking) and then incubated with 50 µL of
Dynabeads Protein A (Invitrogen, Ref. 100-02D) for 1h at 4°C. Immunoprecipitated DNA was then
recovered by dissociating the complexes using the IPure kit (Diagenode, Liège, Belgium) and analyzed by
RTqPCR. An aliquot of untreated sonicated chromatin was kept as a total input DNA control.

For ChIP-seq, libraries were prepared and sequenced as described in 96. ChIP-Seq reads were aligned to
A.thaliana genome TAIR10 by Bowtie97 v0.12.7 on A. thaliana genome TAIR10. MACS (Model-based
Analysis of ChIP-Seq) was used to identify peaks using a q-value cutoff of 0.05
(http://liulab.dfci.harvard.edu/MACS/)79 while GPAT was used for gene annotation and peak distribution
relative to annotated A. thaliana transcription start site (http://bips.u-strasbg.fr/GPAT/Gpat_home.html).

Microscale thermophoresis (MST)
Fluorophore-labeled protein was used for the quantitative binding assay using microscale
thermophoresis. His6-MBP-DEK2 and His6-MBP (used as control) protein were labeled using Monolith
His-tag labeling kit RED-tris-NTA (nanotemper; MO-L008) following the manufacturer's protocol. Brie�y,
400 nM of the protein of interest was incubated with 100 nM of the His-tag labeling dye in MST buffer
(20 mM HEPES; pH 7.9, 150 mM NaCl, 0.05% Tween-20) for 30 min at room temperature.

The �uorophore-labeled protein was titrated with differentially modi�ed histone H3 peptides (H3K4me1/3,
H3K9me1/3, H3K27me1/3). The data points obtained from three different measurements were �tted
using the following equation derived from law of mass action to get the dissociation constant:

[BL]/[B0] = [([L0]+[B0]+Kd)−√{(([L0]+[B0]+Kd)2−4⋅[L0]⋅[B0])]/ 2[B0]}
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K d is the dissociation constant, [B0] is the total concentration of the binding sites. [L0] stands for the
amount of added ligand at each data point and [BL] is the concentration of formed complexes between
the binding sites, [B], and the ligand, [L].

Chromatin states analysis DEK2
The chromatin state analysis was based on the topology established by Sequeira-Mendes et al.37. The
genomic coordinates of the chromatin states were overlapped with the DEK2 peaks identi�ed as
previously described. A DEK2 binding site was considered to be in a certain chromatin state if it
overlapped with a domain of that state for at least 150bp. This was tested using the Genomic Ranges
package (version 1.44.0)98. The control sets were generated by shifting the coordinates of the DEK2
binding site up- or downstream by the indicated number of base pairs. The signi�cance was tested by a
permutation test using the peakPermTest() function from the ChIPpeakAnno package (version 3.26.0)99

with 1000 permutations.

For the DEK2 target genes analysis, the DEK2 targets identi�ed as described previously were divided into
3 sets depending on whether they were up- or downregulated or did not present a change in expression in
the dek2 mutant. A gene was considered as being in a certain state if at least 150 bp of its gene body
overlapped with said state. For each chromatin state, the lists of DEK2 targets were overlapped with the
list of genes containing a domain of at least 150bp of said state within its gene body, using the genomic
coordinates provided by Sequeira-Mendes et al.37. The proportion of genes of interest in that chromatin
state was compared to the proportion of all nuclear genes in said state and the signi�cance of the
difference betwee the two proportions was examined using the Marascuilo procedure with a con�dence
level of 0.95. This procedure was performed using R code adapted from the NIST/SEMATECH tutorial
(NIST/SEMATECH e-Handbook of Statistical Methods, Section 7.4.7.4,
http://www.itl.nist.gov/div898/handbook/).
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Figure 1

DEK2 regulates A. thaliana defense responses against Pst DC3000. A. Four-week-old plants were spray-
infected with P. syringae pv. tomato (Pst) DC3000 with OD600= 0.2. Bacterial numbers were counted after
plating serial dilutions at the indicated time points. Values shown are means± SE (n=24) from three
independent repetitions. B. ROS production was measured from WT and dek2 mutant plants for 40 min
after treatment with 1 μM of �g22. ROS production was quanti�ed using a luminescence microplate
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reader. Data are means ± SE and the experiments were repeated at least three times with similar
results. The asterisks indicate statistically signi�cant differences from the WT controls by Mann &
Whitney U-test one tailed (*P < .05. **P < 0.01). C and D. Callose deposition in 14-day-old seedlings
treated for 24 h with 1 μM �g22. Photographs of aniline blue-stained cotyledons under UV �uorescence
were quanti�ed with ImageJ. Data shown are mean values ± SE from three independent biological
replicates (n=12). E. �g22 induced MAPK activation in WT, dek2-1 and dek2-2 plants. F. Pie chart reveals
the percentage of up- and down-regulated genes in dek2-1 mutant. G. Transcriptional repression activity
of DEK2 measured by Dual luciferase system in tobacco leaves. pMYC2 was fused to �re�y luciferase
and expressed under a CaMV 35S promoter with RFP fusion. Luminescence was measured using a CCD
Luminescence camera. TCP20 was used a positive control. H. Heat map depicting differential expression
pro�les in WT and dek2 plants at 24 h post hrcC- inoculation or mock treatment (fold change ≥ 2, P
value ≤ 0.05). The original fragments per kilobases million values were subjected to data adjustment by
normalizing genes or rows and hierarchical clustering was generated with the average linkage method
using MeV4.0. C) Selection of three clusters displaying interesting gene ontology from the heatmap
comparisons are shown. GO terms were identi�ed using the AgriGO v2.0 Term Enrichment Tool.
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Figure 2

Hormone quanti�cation in the WT and dek2-1 mutant.  A. The levels of JA, JA-Ile, ABA and SA defense
hormones measured in WT and dek2-1 mutant plants at 24 hpi with hrcC- or mock. Data represent the
means of six biological replicates. B. qPCR analysis of the expression of JA marker genes involved in
biosynthesis pathway. Expression of Ubi and Actin genes were used for normalization, and fold induction
values of all genes were calculated relative to the expression level of mock WT plants. Error bars
represent SE. The asterisks indicate statistically signi�cant differences from the WT controls by Biorad
CFX software at p≤0.05. C. Four-week-old leaves from WT and dek-2 mutant plants were drop-inoculated
with 5x105 spores/ml of B. cinerea. The diameter of the lesion area was measured 2 days after
inoculation by imageJ. D. Ratio of Bc cutinase gene over A. thaliana ASK1 gene by qPCR analysis. Values
shown are means ± SE (n=15) from three independent repetitions.
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Figure 3

DEK2 binds the promoter regions of genes. A. ChIP-seq was performed on 14-days-old seedlings
expressing DEK2-YFP under it’s the native promoter. Comparison of heatmaps between DEK2 IP and input
in the regions ±1 kb around the DEK2 peaks. B. Pie chart representation of the distribution of DEK2 peaks
identi�ed by ChIP-seq in �ve genomics regions depicted in the schematic diagram showing the
Transcription Start Site (TSS) and the Transcription End Site (TES). C. Merged pro�les of DEK2 ChIP-seq



Page 31/33

and ATAC-seq read density over TSS and �anking 1-kb region. D. Mean pro�le of DEK2 ChIP-seq and
MNase-seq read density with respect to a gene model from TSS to TES. Normalization of coverage using
spline algorithm was performed over the genes and �anking 1-kb region. E. Average enrichment pro�le of
DEK2 is correlated with gene expression variation. Gene expression is categorized from low (�rst
quantile) to high (fourth quantile) expression. Mean-normalized ChIP-seq densities of equal bins along
the gene and 1-kb region �anking the TSS or the TES are plotted. Highly expressed genes show higher
enrichment for binding of DEK2. G. Y2H with Class 1 TCPs. H. BiFC with TCP20. I. Overlap of DEK2 and
TCP20 targets. J. Screen shots of several potential DEK2 target genes reveals a high enrichment for
genes involved in hormone biosynthesis and signaling, transcription factors and defense response. The
upper panel represents the input control sample while the lower enrichment represents the DEK2-YFP IP
sample. The gene structures are shown at the top of each panel. K. The pathway involved in ET
biosynthesis.

Figure 4
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DEK2 is a reader of bivalent histone marks. A. Puri�ed recombinant His-MBP-DEK2 binds histone H3 and
H4 in a pull-down assay. After incubating the Ni-NTA beads bound His-MBP-DEK2 wicalf thymus
histones, the proteins were resolved by SDS-PAGE and probed with antibodies against H2A, H3 and H4. B.
Histone H3 modi�ed peptide pull-down with His-MBP-DEK2. Biotinylated modi�ed H3 peptides were
bound to streptavidin beads and then incubated with puri�ed His-MBP-DEK2 protein, resolved by SDS-
PAGE and stained with Coomassie Brilliant blue stain. C. The interaction between His6-MBP-DEK2 and
modi�ed H3 peptides by MST. The negative control shows the interaction between His6-MBP and H3K9
peptides. MST binding experiments were carried out at LED: 40% Power: 40%. The dissociation constant
(Kd) is shown. Data represent the mean +/− SD of at least three technical replicates. D. Number of DEK2
peaks containing a domain of each of the indicated states. The states coordinates were obtained from
Sequeira et al. (2014). The ±2 kb, ± 5 kb and ±10 kb are control sets where the coordinates of the DEK2
peaks were shifted up- (+) or downstream (-) by the indicated number of bases. Signi�cance was tested
by permutation test, *** indicate p-value ≤ 0.001. E. Chromatin state analysis of the DEK2 target genes.
The states coordinates were obtained from Sequeira et al. (2014). The DEK2 target genes were divided
into three categories: upregulated, downregulated and non-regulated based on their expression level in the
RNA-seq dataset. * indicates signi�cance compared to the genome, tested by Marascuilo procedure (α=
0.05). F. Histone H3 bivalent modi�ed peptide pull-down with His-MBP-DEK2. Biotinylated modi�ed H3
peptides H3K4me2, H3K4me3, H3K27me2, H3K27me3 and H3K4me3K27me3 were bound to streptavidin
beads and then incubated with puri�ed His-MBP-DEK2 protein, resolved by SDS-PAGE and stained with
Coomassie Brilliant blue stain. G. The interaction between His6-MBP-DEK2 and modi�ed H3K4me3,
H3K27me3 and H3K4me3K27me3 peptides by MST. MST binding experiments were carried out at LED:
40% Power: 40%. The dissociation constant (Kd) is shown. H. ChIP-PCR of a few target genes after IP
with H3K4me3 (normalized to ACTIN7) and H3K27me3 (normalized to FUSCA3).
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Figure 5

Hypothetical working model for DEK2 function. A. Unstressed conditions. B. after PAMP treatment.
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