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24 Abstract

25  The apoplast of plant leaf, the intercellular space between mesophyll cells, is normally
26  largely filled with air with a minimal amount of water in it, which is essential for key
27  physiological processes such as gas exchange to occur. Interestingly, phytopathogens
28  exploit virulence factors to induce a water-rich environment, known as “water soaking”,
29  in the apoplast of the infected leaf tissue to promote disease. We propose that plants

30 evolved a “water soaking” pathway, which normally keeps a “minimized and balanced”
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31 water level in the leaf apoplast for plant growth but is disturbed by microbial pathogens
32 to facilitate infection. Investigation of the “water soaking” pathway and leaf water
33  control mechanisms is a fundamental, yet previously-overlooked, aspect of plant
34  physiology. To identify key components in the “water soaking” pathway, we performed
35 a genetic screen to isolate Arabidopsis severe water soaking (sws) mutants that show
36  leaf water over-accumulation under high air humidity, a condition required for visible
37  water soaking. Here we report the sws/ mutant, which displays rapid water soaking
38  upon high humidity treatment due to a loss-of-function mutation in CURLY LEAF
39 (CLF), encoding a histone methyl-transferase in the POLYCOMB REPRESSIVE
40 COMPLEX 2 (PRC2). We found that the sws/ (c/f) mutant exhibits an enhanced
41  abscisic acid (ABA) level and stomatal closure, which are indispensable for its water
42  soaking phenotype and mediated by CLF’s direct regulation of a group of ABA-
43 associated NAC transcription factors, NAC019/055/072. Interestingly, the c/f mutant
44  showed a weakened immunity, which likely also contributes to the water soaking
45  phenotype. In addition, the clf plant supports a significantly higher level of
46  Pseudomonas syringae pathogen-induced water soaking and bacterial multiplication,
47  in an ABA pathway and NAC019/055/072-dependent manner. Collectively, our study
48  probes into a fundamental question in plant biology and demonstrates CLF as a key
49  modulator of leaf water status via epigenetic regulation of ABA pathway and stomatal
50 movement.

51

52

53
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55  Introduction

56  Water is essential for virtually all biological processes in living organisms and water
57  availability largely affects plant diversity and microbial community (Lau and Lennon,
58  2012; Blazewicz et al., 2014; Jonas et al., 2015; Taketani et al., 2017). As sessile
59  organisms, plants evolved mechanisms to sense and respond to environmental water
60  status. For example, plants adapt to water deprivation, drought or flooding conditions
61  through abscisic acid (ABA)- and ethylene-related pathways and reprogram growth
62  (Loreti et al., 2016; Kuromori et al., 2018; Zhao et al., 2017; Zhu, 2016). Plant diseases
63  caused by foliar pathogens are also strongly influenced by water status in the plant and
64 the environment (i.e., air humidity). For instance, Pseudomonas syringae and
65  Xanthomonas gardneri bacterial pathogens utilize effectors, a class of virulence
66  proteins produced by Gram-negative bacteria and delivered into plant cells through the
67  type III secretion system, to induce water accumulation in the apoplastic space of the
68 infected leaf tissue. This aqueous living environment, also called “water soaking”, is
69  important for pathogen multiplication or egression (Xin et al., 2016; Schwartz et al.,
70 2017). Therefore, foliar pathogens purposely modify the apoplast water availability to
71  cause disease. However, plants normally maintain a “dry” apoplast with a minimal
72 amount of water, which is unarguably important for physiological processes such as gas
73 exchange and photosynthesis to occur. How the apoplastic water status is regulated in
74 the plant leaf is fundamentally-important but poorly-studied at the moment.

75

76 The ABA hormone pathway mediates adaptive responses of plants to water deficient or
77  osmotic stress conditions (Chen et al., 2020). ABA is perceived by the pyrabactin
78  resistance (PYR) and PYRI-like (PYL) receptors, which interact with protein
79  phosphatases 2C, and results in the released activity of sucrose non-fermenting 1-
80 related protein kinase 2s (SnRK2s), including SnRK2.2, SnRK?2.3 and SnRK?2.6 (Cutler
81 etal, 2010; Fabregas et al., 2020). These SnRK2s in turn activate transcription factors
82 to induce the expression of downstream genes, including 9-cis-epoxycartenoid
83  dioxygenase 3 (NCED3) for ABA synthesis and other ABA-responsive genes for

84  metabolic and physiological responses (Hewage et al., 2020). SnRK2s, particularly
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85  SnRK2.6 (also named Open Stomata 1, OST1), also phosphorylate and activate plasma
86  membrane-located anion efflux channels, namely slow anion channel 1 (SLAC1) and
87  SLACI-homolog proteins 3 (SLAH3), in the guard cell to trigger stomatal closure and
88  minimize water loss (Hedrich and Geiger, 2017). SLAC1 and SLAH3 are also regulated
89 by calcium-dependent protein kinases (CPKs) (Chen et al., 2020), and both can inhibit
90 the inward-rectifying K+ channel KAT1 and trigger stomatal closure (Zhang et al.,
91  2016). Other stimuli such as reactive oxygen species, darkness and microbe-associated
92  molecules (e.g. flagellin) also trigger stomatal movement (Kwak et al., 2003; Guzel
93  Deger et al., 2015).
94
95  Polycomb group (PcG) proteins are epigenetic chromatin modifiers and highly
96 conserved in Drosophila, plants and mammals (K6hler and Villar, 2008). PcG proteins
97  form multi-protein complexes, with polycomb repressive complex 1 and 2 (PRC1/2)
98  best studied, to keep the repressed state of target genes and regulate diverse
99  developmental processes. In Arabidopsis, PRC2 deposits the trimethylation mark on
100 the K27 residue of histone 3 (H3K27me3) and the core catalytic subunits are SET
101  domain-containing methyl-transferases, namely Curly Leaf (CLF), Swinger (SWN)
102  and Medea (MEA), which function (partially) redundantly but in distinct processes.
103  PRCI is comprised of Like Heterochromatin Proteinl (LHP1), which recognizes
104  H3K27me3-modified chromatin (Turck et al., 2007; Zhang et al., 2007), and two groups
105  of RING-domain proteins, AtRINGla/b and AtBMIla/b/c, which monoubiquitylate
106  histone 2A (Xu and Shen, 2008; Bratzel et al., 2010). PRC1 and PRC2 act together to
107  establish a repressed chromatin status and play pivotal roles in embryogenesis, seed
108  germination, flowering time control and so on (Xiao and Wagner, 2015; Pu and Sung,
109  2015). Interestingly, many abiotic stress (i.e., cold, dehydration, osmosis)-responsive
110  genes are occupied by H3K27me3 mark and epigenome profiles change under abiotic
111  stress conditions (Liu et al., 2014; Kwon et al., 2009; Liu et al., 2019). CLF/SWN-
112 associated H3K27me3 was shown to repress ABA responses and regulate ABA-induced
113 senescence (Liu et al., 2019). These studies suggest that PRC2 also modulates plant

114 stress responses.


https://doi.org/10.1101/2022.09.23.509124
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.09.23.509124; this version posted September 26, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

115

116  Our study aims to uncover key components involved in controlling water status in
117  Arabidopsis leaf. Through an ethylmethane sulfonate (EMS)-based genetic screen, we
118  identified CLF, the catalytic subunit of PRC2, as a key regulator of apoplast water. The
119  clf mutant plant displays a strong spontaneous “water soaking” under high air humidity,
120  and this is tightly linked to activation of ABA pathway and stomatal closure. Blockage
121 of ABA biosynthesis or stomatal movement in the c/f plant largely compromised the
122 water soaking phenotype. Furthermore, we found a group of ABA-associated NAC
123 transcription factors, NAC019/055/072, are directly targeted by CLF and responsible
124  for the water soaking phenotype in the c¢/f mutant. Our work identifies a novel function
125  of CLF in modulating leaf water status and illustrates a crucial role of ABA-mediated
126 signaling pathway and stomatal movement in the process.

127

128  Results

129 A genetic screen for Arabidopsis severe water soaking (sws) mutants

130  To uncover key elements involved in apoplastic water control, an EMS-mutagenized
131  population was generated in the background of atmin7/fls2/efr/cerkl (hereinafter mfec)
132 mutant, which exhibits enhanced, but not saturated, water soaking compared to Col-0
133 plants under high humidity (Xin et al., 2016). The M2 population was screened for
134  mutants showing severe water soaking in the leaf under high air humidity (~90-95%
135  relative humidity), a condition required for water to “stay” in the apoplast and
136  preventing water evaporation from stomata so that visible “water soaking” can be seen.
137  These mutants were named severe water soaking (sws) mutants. Among those, the sws/
138  mutant was identified as a strong allele and exhibits water soaking quickly (i.e., 0.5h)
139  after high humidity treatment (Figure 1A).

140

141 To identify the responsible gene locus, we crossed sws/ with the parent plant. A
142  segregation ratio of 1:3 in water soaking phenotype was observed in the F2 population
143 (Supplemental Figure S1A, B), suggesting that a single recessive mutation causes sws/

144  phenotype. We also crossed sws/ to Col-0 plant and observed a segregation ratio of 1:3
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145  in the water soaking phenotype among F2 plants, suggesting that the sws/ phenotype
146  is independent of the mfec background (Supplemental Figure S1B). Bulked segregant
147  analysis (BSA) coupled with genome sequencing of the F2 population of sws/ x mfec
148  crossed plants was performed and results revealed a G to A nucleotide substitution in
149  the 17th exon of CURLYLEAF (CLF; At2g23380) gene, resulting in a Glycine to
150  Arginine substitution (Figure 1B). We then checked another two independent T-DNA
151  insertion lines of CLF, clf-28 and clf-29 (Zhou et al., 2017; Bouveret et al., 2006), and
152 water soaking occurred at a comparable level to sws/ plants in these plants (Figure 1A),
153  suggesting that the mutation in the sws/ mutant knocked out CLF activity. Notably,
154  another seven independent sws lines isolated from the screen also show SNPs in the
155  CLF gene (Supplemental Figure S2), suggesting that CLF is a mutation hot spot and
156  that our screen is near saturation.

157

158  It’s known that water soaking in the plant leaf promotes pathogen infection (Xin et al.,
159  2016). We therefore performed a bacterial growth assay, in which the P. syringae pv.
160  tomato (Pst) DC3000 bactertum was infiltrated into the leaves of swsl (mfec
161  background), clf-28 and clf-29 (Col-0 background) plants. We found that Pst DC3000
162  grew significantly higher in the c/f mutants compared to the control plant (Figure 1C),
163  consistent with an important role of apoplast water in bacterial pathogenesis (Xin et al.,
164  2016).

165

166  The aqueous apoplast in the c/f mutant is mediated by up-regulation of ABA
167  pathway

168  To understand the physiological basis of the aqueous apoplast phenotype in clf plant,
169  we carried out a transcriptome analysis of Col-0 and clf-28 (hereinafter clf) plants at 0
170  h and 0.5 h after high humidity treatment. In total, 2059 and 2513 differentially
171 expressed genes (DEGs) were detected at 0 h and 0.5 h, respectively, in the clf plant
172 (Figure 2A). Gene Ontology analysis revealed that ABA, jasmonic acid (JA) and
173 salicylic acid (SA) pathway genes are differentially regulated (Figure 2B). To clarify

174  which hormone pathway is biologically relevant, we exogenously sprayed methyl
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175  jasmonic acid (MeJA), ABA or Benzothiadiazole (BTH, a chemical analog of SA) on
176  Arabidopsis leaf and examined whether water soaking occurs. Intriguingly, spray of
177  ABA, but not MeJA or BTH, leads to water soaking in Col-0 leaves (Figure 2C).
178  Furthermore, this ABA-induced water soaking was abolished in ABA receptor poly-
179  mutant pyr/pyll12458 and signaling poly-mutant snrk2.2/2.3/2.6 (Zhao et al., 2018;
180  Fujii and Zhu, 2009) (Figure 2D). These results suggest that ABA pathway is an
181  important regulator of apoplast water balance in Arabidopsis leaf.

182

183  We then measured ABA level in Col-0 and clf plants and found that, while high
184  humidity reduced ABA levels in both plants, the c/f mutant accumulated a significantly
185  higher level of ABA than Col-0 plant before and after high humidity treatment (Figure
186  3A). To examine if the altered ABA pathway is responsible for water soaking phenotype,
187  we crossed the c/f mutant to two ABA mutants, aba2, which lacks a key ABA
188  biosynthetic enzyme (Gonzalez-Guzman et al., 2002), and ostI (snrk2.6), which lacks a
189  central kinase mediating downstream ABA responses and stomatal closure (Yoshida et
190 al., 2006). The water soaking phenotype was examined in the c/ffaba? and clf/ost]
191  double mutants. We found that water soaking was abolished in the clf/aba2 plant and
192 largely delayed in the clf/ostI plant (Figure 3B), suggesting that the up-regulated ABA
193  pathway mediates the water soaking phenotype in the c/f plant.

194

195 ABA-associated stomatal movement is essential for aqueous apoplast

196  Stomatal closure is a key physiological output of ABA signaling transduction (Hsu et
197  al., 2021). As OST1/SnRK2.6 is a key regulator of stomatal closure, the severely-
198  compromised water soaking in the clf/ostl plant suggests that stomatal movement is
199  important for water soaking. We then measured the stomatal aperture in the clf, aba2,
200 ostl, clf/faba? and clf/ost] plant leaves before and after high humidity treatment. As
201 shown in Figure 3C, D, while high humidity led to stomatal opening in Col-0 plants,
202  we observed a striking stomatal closure response in the cl/f leaves 0.5 h after high
203  humidity. Importantly, this stomatal closure did not occur in the clffaba2 or clf/ostl

204  plants (Figure 3C, D). We further checked the water soaking level in the Arabidopsis
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205  slacl and slah3 mutants, which are mutated in two key anion channels in the guard cell
206  and defective in stomatal closure (Zhang et al., 2016), and found that ABA-induced
207  water soaking is much weaker in these two mutants compared to that in Col-0 (Figure
208  3E). Taken together, these results support a crucial role of stomatal movement in
209  regulating apoplastic water status.

210

211 CLF directly targets ABA-associated NAC transcription factors for regulating
212 apoplast water

213 We next searched for direct targets of CLF that are involved in water regulation. CLF
214  encodes a H3K27 methyltransferase and deposits H3K27me3 on chromatin (Goodrich
215 et al., 1997), we thus profiled H3K27me3 loci by chromatin immunoprecipitation
216  coupled with sequencing (ChIP-seq), in wild type and clf plants before and after high
217  humidity treatment. Since H3K27me3 is a transcriptional repression marker, genes
218  directly targeted by CLF are expected to show a higher expression level in the clf plant.
219  Hierarchical clustering analysis of differentially expressed genes in the c/f plant under
220  our experimental conditions was performed and revealed five gene clusters (Figure 4A;
221 Supplemental Table S1). Among them, cluster IV represents highly upregulated genes
222 in the cl/f plant (more likely to be direct targets of CLF) at 0.5 h under high humidity,
223 when water soaking was observed, and, importantly, shows the highest percentage of
224  H3K27me3-regulated genes from our ChIP-seq experiment (Figure 4A, right panel).
225  Furthermore, GO analysis of the five clusters showed that genes related to “response to
226 water deprivation” are enriched in cluster IV (Supplemental Figure S3A), supporting
227  that CLF directly targets ABA-associated components to regulate apoplast water.

228

229  Our ChIP-seq results showed that 1527 and 1728 genes, at 0 and 0.5 h after high
230  humidity treatment respectively, showed a differential H3K27me3 level in the clf plant,
231 with over 80% of them having a lower H3K27me3 level in clf compared to Col-0,
232 indicating that these are candidates of CLF’s direct target genes (Supplemental Figure
233 S3B; Supplemental Table S2). Interestingly, only 769 genes are shared between 0 and

234 0.5 h datasets, suggesting that different humidity alters the CLF-associated H3K27me3
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235  profile (Supplemental Figure S3B; Supplemental Table S2). Importantly, we found that
236  ABA signaling and homeostasis-related genes, including PYL6, NPF4.1 and BG?2, as
237  well as two ABA-inducible NAC transcription factors, NAC019 and NAC055, showed
238  a lower H3K27me3 level, accompanied by a higher gene expression level, in the clf
239  plant (Figure 4B; Supplemental Figure S4). The NAC019/055 transcription factors are
240  particularly interesting, because they play an important role in positively regulating
241  ABA responses (Takasaki et al., 2015; Jensen et al., 2010; Tran et al., 2004) and were
242  also identified as CLF targets by previous studies (Liu et al., 2019). ChIP-qPCR and
243  RT-qPCR were performed to confirm the H3K27me3 and transcript levels of NAC019
244 and NACO055 genes in our experimental conditions (Figure 4C, D). To examine if NACs
245 are important for regulating water soaking, we crossed the clf plant to the
246 nac019/nac055/nac072 (hereafter nac) mutant, in which three functionally-redundant
247  NACs were knocked out (Takasaki et al., 2015). As shown in Figure 4E, water soaking
248 in the clf/nac plant was dramatically delayed compared to the clf plant. Furthermore,
249  the rapid stomatal closure phenotype in the c/f plant was also abolished in the clf/nac
250  polymutant (Figure 4F, G). In addition, ABA-induced water soaking was significantly
251  reduced in the nac mutant plant (Supplemental Figure S5). These findings suggest that
252 CLF regulates apoplastic water in Arabidopsis leaf, in part, by directly regulating the
253 histone methylation level of NAC transcription factors.

254

255  Plant immunity plays a role in regulating apoplast water

256  Epigenetic regulation usually exerts a broad role and affects thousands of genes’
257  transcription. Considering the particularly strong water soaking phenotype in the clf
258  plant, we wondered if there are other mis-regulated pathways, in addition to ABA
259  pathway, in the cl/f plant that also contribute to the phenotype. Notably, a large
260 population of SA-responsive genes are differentially regulated in the clf plant,
261  compared to Col-0, in our RNAseq experiment (Figure 2B), suggesting that plant
262  immune status is altered in the c/f plant. To confirm, we tested SA and pattern-triggered
263  immunity (PTI) responses, two primary plant defense pathways (Peng et al., 2021;

264  DeFalco and Zipfel, 2021), in the c/f mutant. Interestingly, the transcript level of /CS1,
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265  encoding a rate-limiting enzyme in SA biosynthesis- isochorismate synthase 1, and SA
266  accumulation were significantly reduced in the c/f plant (Figure 5A, B). In addition,
267  application of flg22, a bacterial flagellin-derived 22-amino acid peptide eliciting PTI
268  (Gomez-Gomez and Boller, 2000; Felix et al., 1999), triggered a much lower ROS
269  production and MAPK phosphorylation in the c/f plant, compared to Col-0 (Figure 5C,
270 D). These results indicate a weakened immunity in the c/f plant, suggesting that plant
271 immunity, particularly SA and PTI responses, may negatively affect apoplastic water
272 accumulation. To further test this hypothesis, we examined ABA-induced water soaking
273 in the ics/ mutant, which is deficient in SA biosynthesis (Wildermuth et al., 2001), and
274  the bakl-5/bkkl-1/cerkl (bbc) triple mutant, which lacks pattern recognition co-
275  receptors and is greatly impaired in PTI responses (Xin et al., 2016). As shown in Figure
276 5E, stronger water soaking was observed in these two mutants compared with Col-0,
277  suggesting that, in addition to ABA pathway, plant immunity exerts another layer of
278  regulation on apoplast water level. Whether this is through antagonistic crosstalk
279  between ABA and SA/PTI pathways (Moeder et al., 2010; Mine et al., 2017) needs
280 further investigation.

281

282  The clf mutant exhibits an increased level of P. syringae-mediated water soaking
283  and disease susceptibility in an ABA- and NAC-dependent manner

284  Interestingly, recent studies showed that P. syringae bacterial pathogen activates the
285  plant ABA pathway and stomatal closure at a later stage of infection, through type III
286  effectors AvrE and HopM 1, to promote water soaking and cause disease (Hu et al., 2022;
287  Roussin-Léveillée et al., 2022). We therefore examined whether the enhanced bacterial
288  susceptibility observed in the c/f mutant (Fig. 1C) also relies on ABA pathway and
289  stomatal closure. First, we found that Pst DC3000 triggered an even stronger stomatal
290  closure and water soaking in the c/f mutant, compared to Col-0 (Figure 6A-C). Because
291 the clf mutant supports a faster bacterial growth, the concentration of inoculum was
292  adjusted so that there were similar bacterial populations in different genotypes when
293  water soaking was observed (24 h post infiltration) (Figure 6C). Importantly, Pst

294  DC3000-mediated stomatal closure and water soaking phenotypes were largely
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295  abolished in the c/f/aba2 and clf/ostl plants, compared to the c/f mutant (Figure 6A-C).
296  Consistently, while Pst DC3000 multiplied to a much higher population in the c/f plant,
297  this did not occur in the clf/aba? or clf/ostl plant (Figure 6D).

298

299  Next, we tested if the increased level of bacteria-driven water soaking and stomatal
300 closure in the c/f mutant also relies on NAC019/055/072 transcription factors. The
301  bacterial infection phenotypes were examined in the c/f/nac polymutant and, again, we
302  found that the NAC019/055/072 mutation largely mitigated the stomatal closure and
303  water soaking phenotypes in the c/f mutant (Figure 6E-G), and, to a lesser degree, the
304  enhanced bacterial growth phenotype (Figure 6H). Taken together, these results suggest
305 that the enhanced water soaking and disease susceptibility during P. syringae infection
306  in the c¢/f mutant occur through ABA pathway and NAC transcription factors.

307

308  Discussion

309  Regulation of water status is crucial for various biological processes. Despite the great
310 progress in understanding plant adaptation mechanisms to water deficit conditions in
311 thesoil (Kim et al., 2020; Siao et al., 2020; Dinneny, 2019; Ramachandran et al., 2020),
312 how water relations in the leaf tissue is maintained remained elusive. In this study, we
313 genetically isolated the sws/ mutant that displays abnormal leaf water control and over-
314  accumulated water in the apoplast under high humidity. We show that SWSI encodes
315 CURLY LEAF, a key component of the plant PRC2 complex that deposits the
316  H3K27me3 marker on chromatin. We found that CLF normally inhibits ABA pathway
317 by epigenetically silencing ABA-related genes including NAC019/055/072
318 transcription factors to keep a dry apoplast, whereas the increased ABA signaling and
319  stomatal closure in the c/f mutant leads to strong water soaking. Our results also suggest
320 anegative role of plant immunity pathways, particularly SA and PTI pathways, in water
321  accumulation in the leaf apoplast (Fig. 7). Collectively, our study elucidates a new
322 physiological function of CLF, as a key epigenetic regulator, in controlling leaf water
323  balance, likely through a combinatorial regulation of ABA pathway, stomata and plant

324  immunity, shedding light on the elusive basis of water control in the leaf apoplast.
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325

326  Previous studies showed that the CLF-containing PRC2 complex epigenetically
327  regulates many ABA-associated genes and influences ABA responses and senescence
328  in Arabidopsis (Liu et al., 2019), which is in agreement with our results. Moreover, our
329  study revealed a striking “humidity-dependent” stomatal aperture dynamics in the clf
330 plant, in that a shift to high air humidity quickly (i.e., 0.5 h) triggers a strong stomatal
331 closure in the clf plant leaf, presumably leading to water soaking (Figure 3C, D). This
332 phenomenon was not observed in the clffaba2 or clf/ost] mutants (Figure 3C, D),
333 suggesting that it is an ABA-mediated process. It is possible that CLF exerts a specific,
334  and distinct from mesophyll cells, function in guard cells (e.g., directly regulating the
335  epigenetic and transcriptional status of ion channels for stomatal movement). Detailed
336  mechanisms would need future and cell type-specific investigations. Nonetheless, the
337  striking stomatal closure phenotype in clf plant and the fact that it requires key ABA
338  and stomata components supports our main conclusion that CLF modulates leaf water
339  balance through ABA pathway and stomatal movement.

340

341  PRC2-mediated H3K27me3 modification is broadly involved in transcriptional gene
342  silencing across plant genome. Interestingly, our study indicates that plant basal
343  immunity may represent another layer of modulation in apoplast water and functions in
344  CLF-regulated leaf water level. This is consistent with the results that water soaking in
345  the cl/f mutant is stronger than that induced by ABA spray treatment (Figure 2C),
346  suggestive of additional pathways, besides ABA, involved in water soaking. We found
347  that CLF mutation compromises the accumulation of defense hormone SA and flg22-
348  induced ROS and MAPK phosphorylation (Figure SA-D), suggesting that CLF directly
349  or indirectly suppresses plant SA and PTI responses. This is in line with a recent study
350  demonstrating an important role of CLF in regulating leaf immunity against fungal
351  pathogens (Singkaravanit-Ogawa et al., 2021) and SA as a negative regulator of
352  pathogen-induced aqueous apoplast (Lajeunesse et al., 2022). It will be interesting to
353 study in the future whether CLF directly regulates certain SA or PTI pathway

354  components through histone methylation, although one cannot rule out the possibility
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355 that the lower immunity level in the c/f plant is due to antagonism between SA/PTI and
356  ABA pathways suggested by previous studies (Cao et al., 2011; Mine et al., 2017).
357  Future investigation of CLF function and other components involved in regulating
358  water relations in the leaf should provide more insights into this fundamental aspect of
359  plant biology.

360

361  Materials and Methods

362  Plant materials and growth condition

363  The mfec, clf-28, clf-29, nac019/055/072, aba2, ostl, pyr/pyl12458 and icsi(also
364  named sid2) mutant lines were reported previously (Xin et al., 2016; Zhao et al., 2018;
365 Gonzalez-Guzman et al., 2002; Yoshida et al., 2006; Wildermuth et al., 2001). All plants
366  were grown in potting soil in environmentally-controlled growth chamber, with relative
367  humidity set at 60% and temperature at 22°C and a 12 h light/12 h dark photoperiod.
368  To grow plants on MS plates, seeds were surface sterilized and sown on half-strength
369  MS agar plates containing 0.7% (w/v) agarose. For high humidity treatment, four-to-
370  five weeks old plants were kept at 90-95% relative humidity in an environmentally-
371 controlled growth chamber (MMM group, Germany) for indicated time.

372 EMS mutagenesis and isolation of sws mutants

373 The mfec seeds were treated with 0.2% ethyl methanesulfornate (EMS) solution for 16
374  hours. The M1 plants were pooled (six M1 plants were pooled as one family and a total
375  of ~840 families were obtained) and the M2 population were used for screen. M2 seeds
376  were sown in potting soil and plants were grown to three weeks and then covered with
377  a plastic dome to keep high humidity overnight. Plants that displayed severe water
378  soaking the next day were isolated as sws mutants.

379  BSA analysis and identification of the mutated loci in sws mutants

380  Bulked segregant analysis (BSA) were performed using modified QTL-seq method
381  (Takagi et al., 2013). The read depth information for the homozygous SNPs/InDels in
382  the pools was obtained to calculate the SNP/InDel index. Col-0 and mfec genomes were
383  sequenced as reference and for analyzing the read number for the Mut-pool and Wild-

384  pool. Sliding window methods were used to determine the SNP/InDel index. The


https://doi.org/10.1101/2022.09.23.509124
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.09.23.509124; this version posted September 26, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

385  average of all SNP/InDel indices in each window was used as the SNP/InDel index for
386  that window. A window size range between 2 Mb to10 kb was used as the default
387  settings. The difference between the SNP/InDel index of two pools was calculated as
388  ASNP/InDel index. Data analysis was performed on the Majorbio Cloud Platform
389  (www.majorbio.com).

390 RNA extraction and real-time RT-qPCR

391  To analyze gene expression level, four-week-old Arabidopsis plant leave were treated
392 with high air humidity at indicated time points. Three leaves from different plants were
393  collected as one biological replicated and four biological replicates were collected for
394  each treatment. Total mRNA was extracted using TRIzol reagent (Invitrogen, Carlsbad,
395 CA, USA), following the manufacturer’s protocol. Extracted RNA was treated with
396  DNase I (Roche), and two pg of RNA was used to synthesize cDNA by ReverTra Ace®
397 ¢PCR RT Master Mix with gDNA remover (TOYOBO). Real-time qPCR was carried
398  out with the SYBR Green Realtime PCR master mix (TOYOBO) on a CFX Connect
399  Real Time System (Bio-Rad, Berkeley, CA, USA). The plant ACTIN2 and U-box genes
400  were used as internal standard. Primers used in qPCR are listed in Supplemental Table
401 S3.

402  cDNA library generation and RNAseq

403  For RNAseq experiments, samples were collected as described above. Three leaves
404  from different plants were harvested as one replicate, and four biological replicates
405  were collected for each treatment/time point. Total mRNA was extracted using Trizol
406  reagent (Invitrogen). Total RNA was then treated with DNase I (Invitrogen) to remove
407 DNA and purified RNA was recovered with RNeasy® MinElute™ Cleanup kit
408  (QIAGEN) according to the manufacturer’s instructions. Library construction and RNA
409  sequencing were performed in Majorbio company (Shanghai, China). Briefly, RNAseq
410  transcriptome library was prepared following TruSeq'™ RNA sample preparation Kit
411 from Illumina (San Diego, CA) using 1 pg of total RNA. Messenger RNA was isolated
412 using oligo (dT) beads and then fragmented by fragmentation. Then, double-stranded
413  cDNA was synthesized using a SuperScript double-stranded cDNA synthesis kit

414  (Invitrogen, CA) with random hexamer primers (Illumina). The synthesized cDNA was
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415  then subjected to end-repair, phosphorylation and ‘A’ base addition. After size selection,
416  paired-end RNAseq sequencing library was sequenced with the Illumina HiSeq x
417  Ten/NovaSeq 6000 sequencer.

418  Stomatal aperture measurement

419  Four-week-old plants were used for stomatal measurement. Stomatal images before or
420  after high humidity treatment were collected on confocal microscope (SP8 STED, Leica)
421 with 405 nm excitation and 435-485nm emission (to observe auto-fluorescence from
422 the inner cell wall of the guard cell). The width and length of stomata were measured
423 by Image] and the ratio of width/length was calculated. At least 50 stomatal images
424  were analyzed for each treatment.

425  Chromatin immunoprecipitation-seq (ChIPseq) and ChIP-qPCR

426  ChIP experiment were carried out as described previously (Liu et al., 2019). Briefly, a
427  total of 5 g plant materials (4-weeks-old leaves of c/f-28 and Col-0 plants) grown in soil
428  were collected and vacuum infiltrated with 1% formaldehyde solution. The leaves were
429  then washed several times with deionized water and snap frozen in liquid nitrogen.
430  Tissues were ground into fine powder. Chromatin was isolated and fragmented into
431  approximately 500-1000 bp size with sonicator. The immunoprecipitation was
432 performed with the antibody against H3 tri-methyl-Lys 27 (Upstate, USA; Cat. # 07-
433 449). At least 2 ng of ChIP-DNA were used for Illumina library preparation according
434  to the manufacturer’s instructions (Illumina). Library construction and sequencing (150
435  bp of paired-end sequences) were performed by Novogene Co. Ltd (Shanghai, China),
436  using [llumina HiSeq 2500. Primers for ChIP-qPCR analysis are listed in Supplemental
437  Table S3.

438  ChIPseq and RNAseq analysis

439  Trimmomatic (version 0.36) was used to trim adaptor (Bolger et al., 2014). Next, the
440  program Sickle (version 1.33) was used to remove bases with low quality scores (<20)
441  and reads shorter than 20bp were eliminated. The cleaned reads were mapped to the
442 Arabidopsis genome (TAIR10) using the Burrows—Wheeler Aligner (version 0.7.5a-
443  r405) (Li and Durbin, 2010) for the ChIP-sequencing data and HISAT?2 (version 2.1.0)

444  (Kim et al., 2015) for mapping the RNA sequencing data, both with default settings.


https://doi.org/10.1101/2022.09.23.509124
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.09.23.509124; this version posted September 26, 2022. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

445  Uniquely mapped reads with MAPQ>20 was collected for further analysis. The MACS
446  (version 1.3.7) program (Zhang et al., 2008) as used to identify the read-enriched
447  regions (peaks) of the ChIPseq data based on the following criteria: P <1le — 5 and fold-
448  change > 32. To quantify gene expression levels, the featureCount program of the
449  Subread package (version 1.6.5) (Liao et al., 2013) with parameters “-s 2 -p -t exon”
450  was used to determine the RNAseq read density. To compare expression levels across
451  samples and genes, the RN Aseq read density of each gene was normalized based on the
452  exon length in the gene and the sequencing depth. To quantify histone markers across
453  genes for the figure prepared with Integrative Genomics Viewer (Robinson et al., 2011),
454  the number of reads at each position was normalized against the total number of reads
455  (reads per million mapped reads). The DEseq program (Robinson et al., 2010) was used
456  for detecting differentially expressed genes based on the following criteria: [log2 fold-
457  change| > 1 and P <0.05. The MAnorm package (Shao et al., 2012) was used for the
458  quantitative comparison of ChIPseq signals between samples with the following criteria:
459  |M value| > 0.5 and P <0.05.

460  Plant SA and ABA measurement

461  Four-weeks-old plant leaves were used for ABA and SA measurement as described
462  previously (Huot et al., 2017). For each biological replicate, about 0.15 g leaf tissue
463  was collected and ground into fine power in liquid nitrogen. ABA and SA were
464  extracted using extraction buffer (20% HPLC water and 1% formic acid in methanol)
465 at 4°C for 4-6 h, and the extracts were then air-dried in a speed vacuum and
466  resuspended in extraction buffer. ABA and SA concentration were determined by AB
467  SCIEX 4000Q TARP LC/MX/MX system (SCIEX QTRAP 6500+) at the mass
468  spectrometry facility at Chinese Academy of Sciences, Center for Excellence in
469  Molecular Plant Sciences, Shanghai.

470  MAPK Kkinase activity assay

471  Four-week-old plant leaves were infiltrated with flg22 (100 nM), and leaves were
472 harvested at indicated time points. Total proteins were extracted in protein extraction
473 buffer (50mM Tris-HCI pH 7.5, 150mM NaCl, 5mM EDTA pH 7.5, 1ImM DTT, 1%
474  Triton X-100, 1mM Phenylmethylsulfonyl fluoride) supplemented with 1 x plant
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475  protease inhibitor cocktail (Complete EDTA-free, Roche) and 1 x phosphatase inhibitor
476  cocktail (PhosSTOP, Roche). Bradford protein assay kit (Bio-rad) was used to
477  determine protein concentration. An equal amount of protein was loaded onto 10%
478  SDS-PAGE gel for western blot. Phosphorylated MPK3 and MPK6 were detected by
479  anti-Phospho-p44/42 antibody (Cell Signaling Technology).

480 ROS detection Assay

481  ROS measurement with luminol/HRP-based approach was performed as previously
482  described (Yuan et al., 2021). Briefly, leaf discs of four-week-old Col-0 and clf plants
483  were harvested and floated on 200 uL sterile water in a 96-well plate, and kept at room
484  temperature under continuous light. The next morning (about 10 h later), water was
485  replaced by a solution containing 30mg/L (w/v) luminol (Sigma-Aldrich), 20mg/L (w/v)
486  peroxidase from horseradish (Sigma-Aldrich) and 100nM flg22. The luminescence was
487  detected for 40 min with 1 min interval using Varioskan Flash plate reader (Thermo
488  Fisher Scientific).

489  Bacterial growth assay

490  Pseudomonas syringae pv. tomato DC3000 and mutant strains were cultured overnight
491  at30°C in Luria—Marine (LM) medium supplemented with 50 ng/mL rifampicin. The
492  bacteria were collected by centrifugation, washed twice with water, and re-suspended
493 in sterile water. Cell density was adjusted to ODgoo = 0.002 (approximately 1 x 10° cfu
494  ml ). Bacteria were infiltrated into leaves with a needless-syringe, and inoculated
495  plants were kept under ambient humidity for 1-2 h to allow evaporation of excess water
496  from the leaf. Plants were then placed back to the growth room (covered with a clear
497  plastic dome) for disease to develop. For quantification of bacteria, 5 leaf discs from
498  two different leaves (after surface sterilization) were taken using a cork borer (8§ mm in
499  diameter) as one biological repeat, and 3-4 repeats were taken for each treatment. Leaf
500 discs were ground in sterile water, and bacteria solutions were diluted and plated on
501 LM agar plates supplemented with rifampicin (at 50 mg/L). Colonies were counted with
502  a stereoscope 24 h after incubation at 30°C.

503  Data availability

504 Raw sequencing data from RNAseq and ChIPseq experiments were uploaded onto the
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505 Gene Expression Omnibus (GEO) database on NCBI, with the accession number
506 GSE183559.
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Figure 1. The severe water soakingl (swsl) mutant exhibits strong water soaking under high humidity
and increased susceptibility to P. syringae infection.

(A) High humidity (~90-95% relative humidity) induced water soaking in mfec, swsl, Col-0, clf-28, and
clf-29 plant leaves. Scale bar = 1 cm. Red arrows indicate water soaking regions.

(B) A schematic diagram indicating the mutated site in swsl mutant and the T-DNA insertion position in
clf-28 and clf-29 lines.

(C) Bacterial growth in mfec, swsl, Col-0, clf-28 and clf-29 leaves. Pst DC3000 bacteria were syringe-
infiltrated into plant leaves at the dosage of 1 x106 CFU/ml and bacterial population were determined at O
and 2 days post infiltration (dpi). Data are represented as mean = SD (n=4). One-way ANOVA with Tukey
test (P <0.05) was performed. Different letters indicate statistically significant differences.
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Figure 2. ABA is an important modulator of apoplast water in Arabidopsis leaf.

(A) Venn diagram showing the numbers of differentially expressed genes (DEGSs) in Col-0 and clf plants at 0
and 0.5 h after high humidity treatment. Numbers of DEGs were calculated by pairwise comparison between
Col-0 and clf (FDR < 0.01; log2 fold change > 1 or < -1).

(B) Gene ontology (GO) analysis of all DEGs at 0.5 h after high humidity in the cIf plant. The X-axis
indicates the number of queried genes and Y-axis indicates the GO terms. Size of plotted circles indicates
the percentage overlap within input genes. The filled color is scaled to -log10 (FDR).

(C) Exogenous application of ABA leads to water soaking in Arabidopsis leaf. ABA (50 M), BTH (50 pivi)
or MeJA (50 piM) were sprayed onto Col-0 leaves and plants were covered with transparent plastic dome to
keep high humidity. Pictures were taken 8 h later.

(D) ABA-induced water soaking was dramatically reduced in pyr/pyl112458 and snrk2.2/2.3/2.6 plants.
ABA (50 piM) was sprayed onto Arabidopsis leaves and pictures were taken 8 h later. Scale bar =1 cm.
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Figure 3. ABA signaling pathway and stomatal closure mediate the water soaking phenotype in the clf

plant.

(A) ABA levels in Col-0 and clf plants before and after high humidity. Data are represented as mean & SD.
Different letters indicate significant differences, as determined by two-way ANOVA with Tukey test (P
<0.05).

(B) Water soaking in Col-0, clf, aba2, ostl, clf/aba2 and clf/ostl plants before and after high humidity
treatment. Bar = 1 cm. Red arrows indicate water soaking regions.

(C, D) Stomatal aperture in Col-0, clf, aba2, ostl, clf/faba2 and clf/ostl leaves at O and 0.5 h after high
humidity. Representative stomatal images collected on confocal microscope are shown (bar = 10 pm; C) and
stomatal aperture (width/length ratio) was calculated (>50 stomata; D). The colored dots represent stomatal
aperture of individual stomata. The black line represents the mean. Different letters indicate significant
differences, as determined by two-way ANOVA with Tukey test (P <0.05).

(E) Water soaking in Col-0, slacl and slah3 plants before or after spray of ABA (50 M) and being kept
under high humidity for 8 h. Bar = 1 cm.
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Figure 4. ABA-associated NAC019/055/072 transcription factors are directly targeted by CLF and
mediate apoplast water regulation.

(A) Hierarchical clustering analysis of the DEGs in Col-0 and clf plants at 0 and 0.5 h after high humidity
treatment from the RNAseq experiment (FDR < 0.01; log2 fold change<-1 or >1; on the left). The
percentage of genes in each cluster showing CLF/H3K27me3 regulation (i.e., differential H3K27me3 level
in the clf mutant plant from our ChiPseq experiment) are shown on the right. bg, background.

(B) Transcription and H3K27me3 levels of NAC019 and NACO055 genes in Col-0 and clf plants before (0 h)
and after (0.5 h) high humidity treatment from RNAseq and ChlPseq experiments.

(C) Confirmation of H3K27me3 levels at NAC019 and NACO055 genes by ChIP-gPCR. Bars represent means
+ SD (n=3). Different letters indicate significant differences, as determined by two-way ANOVA with
Tukey test (P <0.05).

(D) Confirmation of NAC019 and NACO055 expression levels by gRT-PCR. Bars represent means = SD
(n=3). Different letters indicate significant differences, as determined by two-way ANOVA with Tukey test
(P <0.05).

(E) Water soaking in Col-0, clf, nac, and clf/nac plants. Plants were treated with high humidity and pictures
were taken at indicated time points. Bar=1 cm.

(F, G) Stomatal dynamics in Col-0, clf, nac, and clf/nac plants before and after high humidity.
Representative images are shown (bar = 10 um; F) and stomatal aperture is calculated (G). Colored dots
represent stomatal aperture of individual stomata (n>50). The black line represents the mean. Different
letters indicate significant differences, as determined by two-way ANOVA with Tukey test (P <0.05).
Experiments were repeated at least three times with similar results.
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Figure 5. Plant basal immunity seems to play a role in water soaking.

(A) SA levels in Col-0 and clf plant leaves before and after high humidity treatment, determined by
LC/MS/MS. Bars represent means = SD (n=3). Different letters indicate significant differences, as
determined by two-way ANOVA with Tukey test (P <0.05).

(B) gRT-PCR analysis of ICS1 expression in Col-0 and clf plants before and after high humidity treatment.
Bars represent means = SD (n=4). Different letters indicate significant differences, as determined by two-
way ANOVA with Tukey test (P <0.05).

(C) flg22-induced ROS burst in Col-0 and clf plants. Leaf disks were treated with 100 nM flg22 and ROS
burst was detected by luminol-HRP approach. RLUSs, relative luminescence units (n>20).

(D) MAPK phosphorylation in Col-0 and clf plants at different time points after 100 nM flg22 treatment.

(E) ABA-induced water soaking in Col-0, ics1 and bak1-5/bkk1-1/cerkl (bbc) plants. Four-weeks-old plants
were sprayed with 25 pM ABA, shifted to high humidity, and pictures were taken 24 h later. Experiments
were repeated at least three times with similar results.
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Figure 6. Pst DC3000 induced water soaking and disease susceptibility in the clf, clf/aba2, clf/ostl
and clf/nac plants.

(A, B) Pst DC3000 triggered a stronger stomatal closure in the clf mutant, but not the clf/aba2 or clf/ostl1
plants. Arabidopsis leaves were syringe-infiltrated with Mock (sterile water) or Pst DC3000 (at
ODg¢(=0.1). Stomatal images were collected 4 h after infiltration. Representative images are shown (bar =
10 m; A) and stomatal aperture is calculated (B). Colored dots represent stomatal aperture of individual
stomata (n>40). The black line represents the mean. Different letters indicate significant differences, as
determined by two-way ANOVA with Tukey test (P <0.05).

(C) Pst DC3000 inoculation induced a stronger water soaking in the clf plant, but not clf/aba2 or clf/ostl
plants. Bacteria were infiltrated into Arabidopsis leaves of Col-0 (1x10° cfu/mL), clf (5x10° cfu/mL),
clf/aba2 (4x10° cfu/mL) and clf/ost1 (2x106 cfu/mL). Pictures were taken 24 h after infiltration (on the left)
and bacterial populations were counted (on the right). Bar=1 cm. Different letters indicate significant
differences, as determined by one-way ANOVA with Tukey test (P <0.05).

(D) The clf mutant, but not the clf/aba2 or clf /ost1 plants, showed enhanced susceptibility to Pst DC3000
inoculation. Pst DC3000 bacteria were infiltrated into plant leaves at 1x108 CFU/ml and bacterial titer
were determined 2 days post infiltration. Bars represent mean = SD (n=6). Different letters indicate
significant differences, as determined by one-way ANOVA with Tukey test (P <0.05).

(E, F) Stomata measurement in Arabidopsis leaves syringe-infiltrated with Mock (sterile water) or Pst
DC3000 (at ODg,,=0.1). Stomatal images were collected 4 h after infiltration. Representative images are
shown (bar = 5 m; E) and stomatal aperture is calculated (F). Colored dots represent stomatal aperture of
individual stomata (n>40). The black line represents the mean. Different letters indicate significant
differences, as determined by two-way ANOVA with Tukey test (P <0.05).

(G) NACO019/055/072 mutations largely compromised the water soaking phenotype in the clf plant.
Bacteria were infiltrated into Arabidopsis leaves of Col-0 (1x10° cfu/mL), clf (5x10° cfu/mL), nac (2x108
cfu/mL) and clf/nac (1x10° cfu/mL), so that they reached a similar population 24 h after infiltration (on
the right). Pictures were taken 24 h after infiltration (on the left). Bar=1 cm. Different letters indicate
significant differences, as determined by one-way ANOVA with Tukey test (P <0.05).

(H) NAC019/055/072 mutations largely compromised the enhanced susceptibility in the clf plant. Pst
DC3000 bacteria were infiltrated at 1x108 cfu/mL and bacterial titers were determined 2 days post
infiltration. Bars represent means + SD (n=4). Different letters indicate significant differences, as
determined by one-way ANOVA with Tukey test (P <0.05).
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Figure 7. A model describing the findings in this study. The CLF-containing PRC2 complex regulates the
H3K27me3 level and chromatin status of ABA pathway genes, including the NAC transcription factor
NACO019/055/072, and normally suppresses ABA responses. Absence of CLF (i.e., in the clf mutant) results
in heightened ABA responses and more closured stomata, leading to water over-accumulation in the leaf
apoplast. Plant basal immunity (i.e., SAand PTI) seems to play a negative role in the process.
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A F2 polulation

Col-0 mfec 5\!\151

B

Genotype Phentype X2 P
water soaking No water soaking

mfec 0 24

swsl 24 0

F1 mfec x sws1 0 24

F2 mfec x sws1 45 139 0.015 0.904

Genotype Phentype X? P
water soaking No water soaking

Col-0 0 24

swsl 24 0

F1 Col-0 x sws1 0 24

F2 Col-0 x sws1 45 133 0.001 0.975

Segregation data were evaluated with chi-squared goodness-of-fit test using 3:1 segregation of the
early flowering and water soaking phenotype as null hypothesis. Chi-squared value (x 2) and
corresponding probability (P) are indicated.

Supplemental Figure S1. Segregation of SWS1 allele in Col-0 or mfec background.

(A) Morphology of 4-weeks-old Col-0, mfec and F2 populations of swsl crossed to Col-0 or mfec plants.
Plants were grown under normal humidity (~60% relative humidity).

(B) Segregation ratio of the water soaking phenotype in F1 and F2 populations of swsl crossed to Col-0 or
mfec plants.
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A
B

No. | Amino Acid | Amino Acid | Site | Type
swsl-2 GGA-AGA Gly-Arg 4955 Exon
swsl1-3 GGA-GAA Gly-Glu 4370 Exon
swsl-4 TGG-TGA Stop code 3845 Stop code
swsl-5 TGC-TAC Cys-Tyr 3283 Exon
swsl-6 TCA-TTA Ser-Leu 3495 Exon
swsl-7 TCT-TTT Ser-Phe 3829 Exon
sws1-8 4743 Exon/Intron

link

Supplemental Figure S2. Water soaking phenotype and mutation sites of different SNP alleles of sws1.
(A) High humidity-induced water soaking in other swsl lines isolated from the genetic screen. Plants were
grown until 3-4 week old and were treated with high humidity for 4 h before pictures were taken.

(B) Mutation type in the CLF gene in other swsl lines determined by genome sequencing.
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A B
Cluster GO Germ p-Value
Proteasome complex 1.45E-05 H3K27me3 target
| clf vs Col-0
Nuclear envelope 9.53E-05
R to j i id 2.02E-06
i esponse to jasmonic aci oh 05 h
Response to salicylic acid 0.0005222536
LI} Chloroplast 1.98E-55
Seed development 0.00028136919
v Response to water deprivation 0.00341548861 758 769 959
Flower development 0.00881961314
Leaf senescence 0.01689661635
\% Xyloglucan metabolic 1.94E-07

Supplemental Figure S3. Data analysis of the RNAseq and ChlPseq results.

(A) GO analysis of DEGs in each cluster as shown in Figure 4A.

(B) Number of genes that show differential H3K27me3 level in the clf mutant compared to Col-0 plant in
the ChlIPseq experiment. 0 and 0.5h indicate the time of high humidity treatment.
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Supplemental Figure S4. Gene expression and H3K27me3 levels of several ABA-related genes from
the RNAseq and ChlPseq experiments. PYL6, NPF4.1 and BG2 genes show lower H3K27me3 level,
accompanied with higher transcription level, in the clf mutant compared to Col-0 plant. 0 and 0.5 h indicate
the time of high humidity treatment.
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Supplemental Figure S5. ABA-induced water soaking is significantly reduced in the nac triple
mutant plant. Four-week-old Col-0 and nac plants were sprayed with ABA (50 M) and pictures were
taken 6 h later. Bar=1 cm.
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