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Introduction

Being sessile organisms, plants are often exposed to environmental conditions they cannot escape from. Stress responses to these conditions are multivariate [START_REF] Claeys | The agony of choice: How plants balance growth and survival under waterlimiting conditions[END_REF]), involving, for example, changed stomatal conductance or amounts of protective proteins.

Fortunately, the presence of stress can be inferred in an integrative manner by comparing plant growth rates in different conditions [START_REF] Claeys | What is stress? Doseresponse effects in commonly used in vitro stress assays[END_REF], such that the presence of a stress response cannot be missed.

Stressors can not only have a profound impact on the growth and development of exposed individuals but also on their offspring. These parental (typically maternal) environmental effects are well documented in general [START_REF] Blödner | Warm and cold parental reproductive environments affect seed properties, fitness, and cold responsiveness in Arabidopsis thaliana progenies[END_REF][START_REF] Galloway | Transgenerational plasticity is adaptive in the wild[END_REF][START_REF] Donohue | Completing the cycle: maternal effects as the missing link in plant life histories[END_REF][START_REF] Herman | Adaptive transgenerational plasticity in plants: case studies, mechanisms, and implications for natural populations[END_REF][START_REF] Crisp | Reconsidering plant memory: Intersections between stress recovery, RNA turnover, and epigenetics[END_REF][START_REF] Van Dooren | Maternal effects[END_REF].

However, when developing offspring (including the germ cells that produced the embryo) experience the same stressors as their parents, a transfer of information between generations is unnecessary for an effect in the offspring. This multigenerational exposure [START_REF] Skinner | What is an epigenetic transgenerational phenotype?: F3 or F2[END_REF] has motivated the distinction between intergenerational and transgenerational effects [START_REF] Heard | Transgenerational epigenetic inheritance: myths and mechanisms[END_REF]. We speak of intergenerational effects when the environments that provoke these effects are not only experienced by parents but also by germ cells or other developmental stages of the descendants in which the responses are assessed.

Transgenerational effects occur in descendants which did not experience the environmental stressor in any phase of development [START_REF] Heard | Transgenerational epigenetic inheritance: myths and mechanisms[END_REF], which implies that information on the stressor was transmitted from previous generations. This distinction is not always respected or made explicit. Another way of characterizing parental effects is by speaking of transgenerational plasticity [START_REF] Mousseau | Maternal effects in insect life histories[END_REF][START_REF] Herman | Adaptive transgenerational plasticity in plants: case studies, mechanisms, and implications for natural populations[END_REF]. This terminology assumes parental effects in offspring to be responses to environmental cues experienced by parents. Confusingly, such effects can be intergenerational. When so-called memory effects in stress responses (Lämke and Bäurle, 2017) span different generations, they could again involve intergenerational as well as transgenerational effects. Trait-based parental effects [START_REF] Kirkpatrick | The evolution of maternal characters[END_REF] occur when phenotypes of parents determine phenotypes of offspring. These effects can be either intergenerational or transgenerational. They seem a natural framework to assess phenotypic stress responses, because they can investigate the determination of traits such as individual growth rates or other stress responses across generations. Trait-based parental effects can decay rapidly or persist longer due to evolutionary momentum, even without continual environmental change [START_REF] Kirkpatrick | The evolution of maternal characters[END_REF].

A c c e p t e d M a n u s c r i p t 5 Few experimental studies have been conducted to determine if a phenotypic memory of environmental stress can persist over multiple generations and whether such effects are truly transgenerational. In one early study, genetically identical A. thaliana lines grown under mild heat during the reproductive phase (from bolting onward) over two generations and then grown under normal conditions for an additional generation produced progeny with an ameliorated response to heat compared to control progeny from non-treated lines [START_REF] Whittle | Adaptive epigenetic memory of ancestral temperature regime in Arabidopsis thaliana[END_REF]. However, as heat was applied during reproductive growth, the gametes and the developing seeds were also exposed to the environmental stressor [START_REF] Whittle | Adaptive epigenetic memory of ancestral temperature regime in Arabidopsis thaliana[END_REF].

Therefore, intergenerational parental effects could be responsible for the ameliorated response to heat seen in the progeny [START_REF] Blödner | Warm and cold parental reproductive environments affect seed properties, fitness, and cold responsiveness in Arabidopsis thaliana progenies[END_REF][START_REF] Pecinka | Stress-induced chromatin changes: a critical view on their heritability[END_REF].

Consistent with this possibility, another study found that when heat stress was applied during vegetative growth only, phenotypic effects did not persist for more than one generation (Suter and Widmer, 2013a,b). Similarly, when A. thaliana plants were infected with pathogens, increased resistance was reported in the immediate progeny and in the second generation, but only when infections were carried out until the reproductive phase [START_REF] Boyko | Transgenerational adaptation of Arabidopsis to stress requires DNA methylation and the function of Dicer-like proteins[END_REF][START_REF] Slaughter | Descendants of primed Arabidopsis plants exhibit resistance to biotic stress[END_REF][START_REF] Slaughter | Descendants of primed Arabidopsis plants exhibit resistance to biotic stress[END_REF]. Salt stress memory across generations was also investigated and findings all point to an absence of bona fide transgenerational effects [START_REF] Boyko | Transgenerational adaptation of Arabidopsis to stress requires DNA methylation and the function of Dicer-like proteins[END_REF]Suter and Widmer, 2013a,b;[START_REF] Groot | Effects of multi-generational stress exposure and offspring environment on the expression and persistence of transgenerational effects in Arabidopsis thaliana[END_REF]Wibowo et al., 2016). Similarly, a transgenerational effect of drought on the speed of germination was reported [START_REF] Ganguly | The Arabidopsis DNA Methylome Is Stable under Transgenerational Drought Stress[END_REF]), but in this case the effect diminished rapidly with each generation and is therefore unlikely responsible for a novel contribution to heritable variation. Furthermore, the experimental design did not allow for tests of transgenerational memory effects in plastic responses to drought and an analysis of maternal variation and maternal trait-based effects was lacking [START_REF] Ganguly | The Arabidopsis DNA Methylome Is Stable under Transgenerational Drought Stress[END_REF].

It is now well established that DNA mutations are not the only source of heritable phenotypic variation in plants. An additional system of inheritance often referred to as transgenerational epigenetics, typically involves stable differences of DNA methylation at or near transposable element (TE) sequences adjacent to genes (Quadrana and Colot, 2016). In the reference plant A. thaliana, most TE sequences are methylated at all cytosines, with methylation levels generally highest at CG sites (>80%), intermediate at CHG sites (40-60%) and lowest at CHH sites (<20%) [START_REF] Cokus | Shotgun bisulphite sequencing of the Arabidopsis genome reveals DNA methylation patterning[END_REF]Lister et al., 2008). TE sequences are methylated as a result of the combined activity of multiple DNA methyltransferases (Law and Jacobsen, 2010;

A c c e p t e d M a n u s c r i p t 6 [START_REF] Stroud | Comprehensive analysis of silencing mutants reveals complex regulation of the Arabidopsis methylome[END_REF][START_REF] Stroud | Non-CG methylation patterns shape the epigenetic landscape in Arabidopsis[END_REF] and can be actively demethylated by DNA glycosylases, which excise methylated cytosines from DNA (Law and Jacobsen, 2010).

Demethylation is most pronounced in the central cell and leads to global hypomethylation of TE sequences in the endosperm, particularly on maternally-derived chromosomes [START_REF] Satyaki | DNA methylation and imprinting in plants: machinery and mechanisms[END_REF]. In contrast, because methylation dynamics in TE sequences concerns almost exclusively CHG and CHH sites [START_REF] Bouyer | DNA methylation dynamics during early plant life[END_REF][START_REF] Kawakatsu | Dynamic DNA methylation reconfiguration during seed development and germination[END_REF]Lin et al., 2017), most TE sequences, thanks to the CG sites they contain, remain highly methylated in the female and male germlines as well as the embryo. Thus, the limited reprogramming of methylation patterns between generations during normal development implies a considerable potential for genome-wide transgenerational epiallelic variation following accidental loss of DNA methylation. However, because the de novo DNA methylation machinery targets distinct TE sequences with varying efficiency [START_REF] Teixeira | A role for RNAi in the selective correction of DNA methylation defects[END_REF]Zemach et al., 2013), this potential is not uniformly distributed among TE-containing alleles. Specifically, while experimentally induced epiallelic variation can persist for at least eight generations and presumably many more at some TE-containing loci, it is fully erased within one or a few generations at others [START_REF] Johannes | Assessing the impact of transgenerational epigenetic variation on complex traits[END_REF][START_REF] Teixeira | A role for RNAi in the selective correction of DNA methylation defects[END_REF][START_REF] Colome-Tatche | Features of the Arabidopsis recombination landscape resulting from the combined loss of sequence variation and DNA methylation[END_REF]. Consequently, A. thaliana accessions with different TE landscapes are expected to differ in their potential for transgenerational epigenetic variation. Finally, in the few cases where this was looked at, DNA methylation changes were observed in response to stressors and some of these changes were transmitted, but again transmission was limited to the immediate progeny [START_REF] Secco | Stress induced gene expression drives transient DNA methylation changes at adjacent repetitive elements[END_REF]Wibowo et al., 2016;[START_REF] Ganguly | The Arabidopsis DNA Methylome Is Stable under Transgenerational Drought Stress[END_REF].

Here, we set out to determine if mild water deficit, a common stressor plants face in natural settings and to which plastic responses have been demonstrated at phenotypic and gene expression levels in A. thaliana [START_REF] Tisné | Phenoscope: an automated large-scale phenotyping platform offering high spatial homogeneity[END_REF][START_REF] Cubillos | Extensive cisregulatory variation robust to environmental perturbation in Arabidopsis[END_REF], could lead to new or altered intergenerational and transgenerational effects. We used a well-controlled multigenerational experimental design where the magnitude and timing of drought in the early part of the plant life cycle was replicated across generations for four natural accessions and the reference accession Col-0 . We phenotyped two generations in detail and used individual relative growth rates as integrated measures of stress response. We carried out a validation of gene expression responses to drought using RNA-seq and an assessment of the likelihood of intergenerational epigenetics at the DNA methylation level in the reference accession Col-0.

Our results show that mild drought induces phenotypic plasticity in each of the five accessions, but does not lead to any significant change in terms of heritable effects. In 

Material and methods

Plant material and growth conditions

To investigate interactions between genotype and environment (G×E) in response to mild drought [START_REF] Bouchabke | Natural variation in Arabidopsis thaliana as a tool for highlighting differential drought responses[END_REF], we considered the accessions Col-0 (Col; Versailles stock # 186AV), Shahdara (Sha; 236AV), Bur-0 (Bur; 172AV), Tsu-0 (Tsu; 91AV) and Cvi-0 (Cvi; 166AV), which were obtained from the Versailles stock center (http://publiclines.versailles.inra.fr/). The four natural accessions were chosen because they show similar flowering time to Col-0 but extensive DNA methylation divergence among themselves and with Col-0 [START_REF] Consortium | 1,135 Genomes Reveal the Global Pattern of Polymorphism in Arabidopsis thaliana[END_REF]Kawakatsu et al., 2016a), presumably in large part as a result of numerous differences in their TE landscapes [START_REF] Stuart | Population scale mapping of transposable element diversity reveals links to gene regulation and epigenomic variation[END_REF]Quadrana et al., 2016). Isogenic lines for each accession were grown under well-watered control and mild drought stress conditions for four generations (Figure 1), using the robotic platform Phenoscope (https://phenoscope.versailles.inra.fr/). This ensured uniform conditions during vegetative growth and enabled precise phenotype tracking [START_REF] Tisné | Phenoscope: an automated large-scale phenotyping platform offering high spatial homogeneity[END_REF]. Control and mild drought stress conditions in each generation were chosen on the basis of phenotypic responses observed by [START_REF] Bouchabke | Natural variation in Arabidopsis thaliana as a tool for highlighting differential drought responses[END_REF] and [START_REF] Tisné | Phenoscope: an automated large-scale phenotyping platform offering high spatial homogeneity[END_REF] over a range of drought levels and on gene expression differences found by [START_REF] Clauw | Leaf responses to mild drought stress in natural variants of Arabidopsis[END_REF] and [START_REF] Cubillos | Extensive cisregulatory variation robust to environmental perturbation in Arabidopsis[END_REF] in the conditions used here. Growth conditions have been described in detail elsewhere [START_REF] Tisné | Phenoscope: an automated large-scale phenotyping platform offering high spatial homogeneity[END_REF]. In the first generation (G1), 12 individuals (descending from the same mother plant) were grown per accession and per treatment. Half were used to establish 6 independent founder lines, which were maintained throughout the experiment by single seed descent propagation. In the following generations, six replicates per accession, treatment and treatment history were grown, with the exception of the third generation (G3)

where only four replicates were grown due to space limitations on the robot (Fig. 1). Briefly, seeds were stratified for 4 days in the dark at 4⁰C and germinated for 8 days on peat moss plugs before these were transferred to the robot. Individual plants were then cultivated on the Phenoscope for 21 days under short days (8 hours photoperiod) to minimize developmental differences between accessions and delay flowering transition [START_REF] Mockler | Regulation of photoperiodic flowering by Arabidopsis photoreceptors[END_REF]. The first week, during germination, soil was saturated with water. During the first week on the Phenoscope (days 9 to 15 after sowing), soil water content gradually decreased through controlled watering until it reached either 60% (control) or 30% (stress), which was then strictly maintained at these levels until day 29 after sowing. Then plants were moved to a standard growth chamber with optimal watering and long-day conditions to allow flowering and seed production. This strategy ensured that gametes or seeds were not themselves exposed to mild drought, minimizing intergenerational exposure effects. Seeds were collected from a single random individual per line × treatment history.

For the subsequent generations, collected seeds were sieved to avoid sowing seeds that were in the top 10% or the bottom 10% of each line's seed size distribution. Seed size range varied between accessions (with Cvi-0 and Bur-0 having bigger seeds than Col-0 and Shahdara especially), but not between lines within accessions. Two phenotyping experiments were conducted (P3 and P4; Fig. 1) on lines from two treatment histories (P3: S1S2 versus C1C2 and P4: S1S2C3 versus C1C2C3).

Phenotyping

Zenithal rosette images of each individual plant were taken daily and segmented as described previously [START_REF] Tisné | Phenoscope: an automated large-scale phenotyping platform offering high spatial homogeneity[END_REF] to extract projected rosette area (PRA; a good proxy for rosette biomass at these developmental stages), rosette radius (the radius of the circle encompassing the rosette), compactness (the ratio between PRA and rosette circle area) as well as the red, green and blue components of the segmented rosette image. We report our phenotypic analysis of the last two generations of plants grown on the Phenoscope (P3 and P4).

P3&P4 Size and relative growth analysis

Data per accession and generation were separately analysed in detail. Sample sizes differ between P3 and P4. In simplified models covering both generations, this makes the P4 data weigh more on the results when parameters are shared between groups. We did analyse all data jointly for hypothesis testing on differences between generations and accessions.

Plant cohorts might contain groups with different properties and responses to treatments, while group membership might be unknown for each individual. To investigate such large initial heterogeneity among the plants selected for growth on the robot, initial PRA distributions on day 9 after sowing (essentially the summed cotyledon areas) were inspected by finite mixture analysis (FlexMix library; [START_REF] Grun | FlexMix: An R package for finite mixture modelling[END_REF]. Gaussian models for initial log(PRA) with different numbers of component distributions (1 to 3) and different fixed treatment effects (stress/control in P3 or P4, stress/control in G1 and G2, i.e. G1/G2) for each component were compared using three information criteria (Akaike Information Criterion AIC, Bayesian Information Criterion BIC and Integrated Complete Likelihood ICL, [START_REF] Biernacki | Assessing a mixture model for clustering with the integrated completed likelihood[END_REF]. Models with single Gaussian components consistently had the lowest values of the information criteria. There were no indications of hidden large heterogeneities among the plants installed on the robot.

Initial and final values of log(PRA) were further studied in detail using linear mixed models [START_REF] Pinheiro | Mixed-effects models in S and S-PLUS[END_REF]. The maximal models fitted contained random line effects with different variances in G1/G2 control and drought groups. Models with more involved random effect specifications did not converge. Fixed effects were the exposure to drought in G1/G2

(intergenerational effect in the analysis of P3 and transgenerational effect in P4), treatment in P3 or P4 (plasticity), pot order effects on the robot and interactions of these variables. The maximal model contained heterogeneous error variances, different for each control/drought combination in G1/G2 and P3/P4. Model comparisons and simplifications were carried out using likelihood ratio tests LRT (using a REML fit for random effects, ML for fixed). Nonsignificant effects were removed one by one. Simplifications were first attempted in the random effects, then in the error variances and finally in the fixed effects, starting with the highest order interactions. Tests and estimates for random effects and error variances are reported for a REML model containing all fixed effects. P-values for fixed effects are reported with respect to the minimum adequate model (MAM) selected, i.e., the first model encountered that only contained significant effects.

We analyzed relative growth rates of PRA to understand the gradual response to environmental conditions. We first inspected the per-day relative increase of log(PRA) using generalized additive mixed models (gamms; Wood, 2017) and subsequently fitted mixed linear models [START_REF] Pinheiro | Mixed-effects models in S and S-PLUS[END_REF] to growth rates in age intervals where these appeared linear. Per treatment combination and accession, a gamm was fitted with smooths for day (age) and pot order effects (pot number). The gamm's assume random variation between individuals and exponentially decaying correlations between observations on the same individual. The mixed linear models fitted to restricted age intervals contained the same variables as the models for final size above, with the addition of random variation between individuals within lines, fixed age (day) effects and interactions of age with the other fixed effects.

A c c e p t e d M a n u s c r i p t 10 When testing for differences of effects between generations and accessions, we fitted all data jointly, with the random effects and error variances as above but with different levels for generations and accessions added. In many cases this most elaborate model failed to converge and we reduced the amount of random effect and error variances fitted until it did. We then carried out model simplification and hypothesis testing on the fixed effects, which included interactions of the fixed effects above with generation and accession effects.

Phenotypic maternal trait-based effects

Our detailed analysis of PRA accounts for effects of ancestral environments in G1/G2, but does not include trait-based maternal effects [START_REF] Kirkpatrick | The evolution of maternal characters[END_REF]. These can lead to rapidly decaying or lasting transgenerational effects caused by individual parental variation.

To investigate such effects and whether ancestral environments (i.e., memory) affect their strength and transmission, we analyzed all traits recovered from digital images in an equal manner. We restricted the analysis to the set of traits measured in both G2, P3 and P4, except for the image green component mean which had a correlation coefficient with the red component above 0.9. Per accession, we thus fitted linear mixed effects models to the logtransformed trait values after day 23. This part of the age trajectory of these traits was always approximately linear. We used individual maternal trait values on day 29 of G2 or G3 as explanatory variables to model the trait-based effects. For all traits, we tested whether traitbased maternal effects were present and differed between treatments in G1/G2 (ancestral environment×maternal trait interaction) and treatments in P3 or P4 (plasticity×maternal trait interaction). We removed data on a few plants with outlying patterns for the increase in log(PRA) before analysis: Observations with a Cook's distance value (in a simple regression on age) that was larger than one over the number of observations were removed. We fitted maximal mixed models to the data per accession and per trait with random effects of line and individual and heterogeneous error variances that could differ between environmental treatments experienced in G1/G2 and P3/P4. The model contained fixed effects of the G1/G2 and P3/P4 environmental treatments, pot order effects, age effects, the effects of the maternal trait values (difference from the overall mean) and interactions of these (except for age×trait interactions and interactions between maternal traits). Model selection occurred as above.

However, we observed that selected models often had confidence intervals for maternal effect slopes that still overlapped with zero or with each other and we simplified such effects out of the models. To have a simple graphical means to assess the validity of mixed model All statistical analyses were conducted using R (R Core [START_REF] Core | R: A language and environment for statisitical computing[END_REF].

RNA-seq

To confirm effects of mild drought on gene expression, we performed RNA-seq on leaves ) and aligned to the TAIR10 reference genome using TopHat2 with default parameters [START_REF] Kim | TopHat2: accurate alignment of transcriptomes in the presence of insertions, deletions and gene fusions[END_REF]. Reads aligning to multiple locations were removed using samtools' view with parameter -q 5 (Li et al., 2009). After this filter, between 95.5 and 96.8 percent of the obtained reads were aligned to the reference genome. The number of reads per transcript was counted using the Bioconductor packages Rsamtools and ShortRead [START_REF] Morgan | ShortRead: a bioconductor package for input, quality assessment and exploration of high-throughput sequence data[END_REF].

Differential expression between samples in control and drought conditions was calculated with the DEseq2 package in R (Love et al., 2014). Genes with q-values lower than 0.05 and log2FC above 0.5 were considered as differentially expressed. TE differential expression was analyzed using TETOOLs (Lerat et al., 2016). We used the Panther classification system for Gene Ontology (GO) analysis [START_REF] Mi | Protocol update for large-scale genome and gene function analysis with the PANTHER classification system (v. 14.0)[END_REF] MethylC-seq library preparation and sequencing was performed by BGI (Shenzhen, China) using standard Illumina protocols. Adapter and low-quality sequences were trimmed using Trimming Galore v0.3.3. Mapping was performed on TAIR10 genome annotation using Bismark v0.14.2 (Krueger and Andrews, 2011) and the parameters: --bowtie2, -N 1, -p 3 (alignment); --ignore 5 --ignore_r2 5 --ignore_3prime_r2 1 (methylation extractor). Only uniquely mapping reads were retained. The methylKit package v0.9.4 [START_REF] Akalin | methylKit: a comprehensive R package for the analysis of genome-wide DNA methylation profiles[END_REF] was used to calculate differential methylation in individual positions (DMPs) or in 100bp nonoverlapping windows (DMRs). Significance of calculated differences was determined using RNA-seq and MethylC-seq sequencing data have been deposited in the ENA short read archive (project number PRJEB27682).

Results

Mild drought induces stress: immediate phenotypic plasticity and gene expression changes

As expected [START_REF] Tisné | Phenoscope: an automated large-scale phenotyping platform offering high spatial homogeneity[END_REF], growth dynamics of the projected rosette area (PRA) showed clear phenotypic plasticity in response to mild drought for each accession analyzed and in each generation where we imposed it. PRA decreased significantly when accessions were grown under mild drought (in generation G1, Figure 2a). Depending on the accession, it reached values at an age of 29 days after sowing that were on average 27% to 40% lower than in control conditions (G1, Fig. 2b). All accessions therefore have reduced growth in drought conditions, which is evidence of stress [START_REF] Claeys | What is stress? Doseresponse effects in commonly used in vitro stress assays[END_REF]. Consistent with results of previous studies of the transcriptional response to mild drought [START_REF] Cubillos | Extensive cisregulatory variation robust to environmental perturbation in Arabidopsis[END_REF][START_REF] Clauw | Leaf responses to mild drought stress in natural variants of Arabidopsis[END_REF], differential analysis of the two RNA-seq datasets identified significant changes in steady state mRNA levels for 468 genes (FDR < 0.05, log2FC > 0.5, 205 and 263 genes with lower and higher expression under mild drought, respectively; Supporting Information Table S9), but not for any of the annotated TE sequences. A possibility is that mild drought is too weak as a stressor to overcome the typically strong epigenetic silencing of TE sequences.

Gene Ontology analysis (Supporting Information Table S10) revealed over-representation of several stress-related categories, including cell wall thickening and responses to water deprivation.

Intergenerational and transgenerational environmental effects

We then compared, in as much detail as possible, phenotypic traits of plants whose parents experienced drought treatments for two consecutive generations and of their progeny (Fig. 1).

Phenotyping at P3 compares C 1 C 2 vs. S 1 S 2 and assesses intergenerational effects. Phenotyping P4 compares C 1 C 2 C 3 vs. S 1 S 2 C 3 treatment histories. The G3 generation without drought treatment allows only transgenerational effects to contribute to effects of treatment history in P4.

The effect of drought in G1/G2 on inital log(PRA) differs between accessions and generations ( = 11.9, p = 0.018), with Bur-0 and Sha the most similar in their responses (Table 1).

There are intergenerational effects but no transgenerational effects of drought on initial log(PRA), and the intergenerational effects differ between accessions. Regarding final log(PRA), we cannot demonstrate any significant interactions between factors and generation or accession effects when analysing all data together. We find significant overall plasticity ( = 92.8, p < 0.0001) in agreement with the results on G1 (Fig. 2) and a trend for an overall effect of drought in G1/G2 ( = 3.50, p = 0.06). When analysing accessions and P3 and P4

separately, we again detected intergenerational effects on initial log(PRA) and also on final log(PRA). Plants from a history with drought are smaller (Table 1). In this case, we did not find any transgenerational effect of exposure to drought on initial and final log(PRA) of P4.

The trend for an overall effect of drought on final size in the analysis with P3 and P4 combined must therefore be ascribed to the intergenerational effects detected and not to any transgenerational effects. Unexpectedly, we sometimes found effects of drought on initial log(PRA) heterogeneity (residual variance). These effects must be spurious, as the stress treatment has not started yet at this stage. Therefore, we do model variance heterogeneity throughout but do not present nor interpret the results. For mean final size, we find that all A c c e p t e d M a n u s c r i p t 14 accessions except Sha show significant plasticity in each generation. Sizes are larger in the control treatment (Table 1).

Our gamm analysis indicated that relative growth rates (RGR) from days 13 to 16 and from days 25 to 28 could be considered linear per individual (Figure 3, representative results for accession Col-0 in P3 and P4). For early RGR we could not demonstrate differences between accessions in plasticity nor drought history effects. There are however significant plasticity and drought effect differences between P3 and P4 (day × plasticity × generation: = 4.87, p = 0.03; day × drought in G1/G2 × generation: = 10.9, p = 0.001). For late RGR, we found a weaky significant effect of drought history ( = 3.96, p = 0.05). Plasticity in late RGR differs between accessions (accession × plasticity = 10.16, p = 0.04) and between generations (day × generation × plasticity = 12.2, p = 0.0004). In the analyses per generation and accession separately, we did not detect transgenerational effects but did find significant intergenerational effects of drought on RGR from days 13 to 16 in three accessions and in a single accession from days 25 to 28 (Table 2, Fig. 3, Table 3). Plants from a history with drought grow relatively more. This could be seen as evidence of a stress memory. If we compare plastic responses for RGR from days 13 to 16, these are found to be identical in generations P3 and P4 (Table 2). Modeling RGR demonstrated a steeper decrease with age after the water supply reduction in all accessions (Table 2, Fig. 3). In control conditions and on day 13, plants grow equal or faster than in mild drought, and while the RGR of plants in drought goes down with age, it does much less so or not in control conditions. The plastic phenotypic responses in P3 show the same qualitative pattern for days 25 to 28 as for earlier RGR. However, for three out of five accessions in P4, plants subjected to mild drought acclimated and recovered RGR similar to that of control plants (days 25 to 28, Table 3, Fig. 3). For Cvi-0 we observe the same pattern as in P3. We found compensatory growth for Shahdara; RGR decreased less with age in the drought group and on day 28 the RGR of the drought group is faster than for the control. Strenghts of RGR plasticity apparently can vary between generations, potentially in dependence on environmental history, but not at all ages.

There were no transgenerational effects of exposure to drought in G1/G2 on average growth rate values in P4. Different magnitudes of between-individual variance across the drought histories did occur for Col-0, Cvi-0 and Bur-0. Individual variation in relative growth rates was larger from days 13 to 16 for the Col-0 individuals in P4 descending from parents in the G1/G2 drought group (p < 0.001); for Bur-0, it was larger in P3 (p = 0.045) and smaller in P4

(p = 0.022). For Col-0, the growth rate variance from days 25 to 28 was smaller among descendants of the G1/G2 drought group (p < 0.001). For Cvi, this variance was larger in P3

A c c e p t e d M a n u s c r i p t 15 and P4 (p = 0.027, p < 0.001). This pattern points out that amounts of trait variation at the end of an experiment or at the moment where selection occurs could be determined by intricate time-dependent variances in growth processes. The gene expression responses in the plants thus can resolve stress, but this is not uniformly the case.

Limited presence and persistence of maternal trait-based effects

Models with maternal trait effects on individual phenotypes in P3 or P4 found in eleven out of 250 tests that the slope of the maternal trait regression depended on the environmental regime experienced by ancestors in G1/G2 (Supporting Information Tables S1 andS2). In two cases it depended on the environmental regime in P4. By inspecting the models per accession, we could make an assessment of whether these changes in maternal trait slopes would affect the persistence of these maternal effects. This could be the case when effects of traits on themselves have become larger in absolute value or when a causal chain of traits has obtained a stronger weight [START_REF] Kirkpatrick | The evolution of maternal characters[END_REF]. Only for compactness and mean blue value did we find a maternal trait-based effect where the trait has an effect on itself. There were no enchained maternal trait effects that could lead to lagged responses. When we inspected the maternal trait dependency of compactness in Col-0 and Bur-0 (Fig. 4), we noted that the ranges of maternal trait values differed between descendants of stress and control treatments in G1/G2.

The results did show that maternal trait models have slopes that can depend on historical and current environments and that the scope for a change in the persistence of maternal effects due to mild drought was limited (Fig. 4). The slopes of the effects were not particularly strong nor general across accessions and they did not seem a valid candidate for persistent transmission of trait variation. The fraction of tests significant for effects of maternal traits on offspring and with interpretable confidence intervals, is very close to a 5% type I error rate (13/250). We therefore conclude that the number of heritable effects transmitted through maternal traitbased effects is negligible.

In 18 out of 50 trait×accession models, individual variation was enlarged in the drought environment in P3 or P4 (Supporting Information Tables S3 andS4). In 10 out of 50 models the variation between individuals was larger among descendants of individuals descending from drought in G1/G2. In five cases this variance was smaller. Tables S5 andS6). Overall, cytosine methylation levels are similar between control-and stress-treated leaves (Supporting Information Fig. S1a), albeit slightly higher than in previous reports (8.6% and 9% of methylated cytosines vs. 6.7%), presumably because of differences in mapping and methylation calling methods as well as in the organs examined [START_REF] Cokus | Shotgun bisulphite sequencing of the Arabidopsis genome reveals DNA methylation patterning[END_REF]Lister et al., 2008). Other global measures, such as the distribution of methylation between the three types of sites and annotations are also identical for control-and stresstreated leaves (Supporting Information Figs. S1b andc). We conclude that mild drought does not directly affect overall DNA methylation patterns in A. thaliana.

To identify local differences, methylation levels were compared at individual cytosine positions as well as in 100bp windows for each of the three types of sites (CG, CHG and CHH) separately (see Methods). Based on this approach, we could identify 286 differentially methylated positions (DMPs) and 1360 differentially methylated regions (DMRs), most of which are defined by single 100bp windows (Supporting Information Tables S7 andS8). All DMPs map to CG sites whereas most DMRs (95%) are CHH DMRs only (Fig. 5a). The vast majority of CG DMPs (93%) are within methylated gene bodies (Fig. 5a andb) and they reflect almost equally either increased or decreased methylation levels in treated plants compared to controls (Fig. S2), consistent with the notion that gene body methylation tends to vary stochastically across generations at individual CG sites [START_REF] Becker | Spontaneous epigenetic variation in the Arabidopsis thaliana methylome[END_REF][START_REF] Schmitz | Transgenerational epigenetic instability is a source of novel methylation variants[END_REF][START_REF] Jiang | Environmentally responsive genome-wide accumulation of de novo Arabidopsis thaliana mutations and epimutations[END_REF]. On the other hand, CHH-DMRs are mainly located over TE sequences and tend to reflect hypermethylation in plants experiencing drought (Fig. 5c andd, Supporting Information Fig. S2).

As different TE families may show different sensitivities to environmental cues [START_REF] Pecinka | Epigenetic regulation of repetitive elements is attenuated by prolonged heat stress in Arabidopsis[END_REF]Yu et al., 2013;[START_REF] Grandbastien | LTR retrotransposons, handy hitchhikers of plant regulation and stress response[END_REF]Matsunaga et al., 2015;Quadrana et al., 2016), expectation (Fig. 5e). These include the LTR-retrotransposon family ATCOPIA78, which is known to be sensitive to biotic and abiotic stress (Yu et al., 2013;Quadrana et al., 2016;Matsunaga et al., 2015). On the other hand, only a small percentage of CHH DMRs caused by mild drought overlap with DMRs that arose spontaneously in mutation accumulation lines (9.3%; [START_REF] Hagmann | Century-scale methylome stability in a recently diverged Arabidopsis thaliana lineage[END_REF] or that were induced by hyperosmotic stress (1.9%; Wibowo et al., 2016;Fig. 5f). Thus, we conclude that mild drought induces a limited number of robust DNA methylation changes over regions that are distinct from those subjected to stochastic or salt-induced DNA methylation variation.

we
To investigate further the CHH-DMRs induced by mild drought, we compared their CHH methylation level in different DNA methylation mutants [START_REF] Stroud | Comprehensive analysis of silencing mutants reveals complex regulation of the Arabidopsis methylome[END_REF] and found that most correspond to regions targeted by the RNA-directed DNA methylation (RdDM) pathway, which involves the DNA methyltransferase DRM2, rather than by the alternative CHH maintenance methylation pathway mediated by the DNA methyltransferase CMT2 (Fig. 5g). Consistent with these findings, TE sequences overlapping drought induced CHH-DMRs have a high abundance of matching 24nt small RNAs (Fig. 5h). Moreover, no association was detected between drought induced CHH-DMRs and regions subjected to active DNA demethylation (rdd mutant; Fig. 5g). In conclusion, mild drought directly affects mainly sequences targeted by RdDM.

None of the genes known to be involved in DNA (de)methylation appeared to be affected by mild drought, which leaves the question open as to which factors induce DNA methylation changes during mild drought.

Among the 468 genes detected as transcriptionally responsive to mild drought in our conditions (G1), only two are affected by CG DMPs, which are likely inconsequential given the lack of function associated with gene body methylation. Another two are located less than 500bp from a DMR (Supporting Information Fig. S3a). These two DMRs are of the CHH type but do not correspond to annotated TE sequences. One DMR maps to the promoter region of gene AT5G35735, which encodes an auxin responsive protein of unknown function.

The other DMR is located within the first intron of gene AT3G10340, which encodes a putative phenylalanine ammonia-lyase that may be involved in plant defense against biotic and abiotic stresses [START_REF] Raes | Genome-wide characterization of the lignification toolbox in Arabidopsis[END_REF]. Given the first intron's large size (1.3kb), it likely contains regulatory sequences [START_REF] Morello | Plant spliceosomal introns: not only cut and paste[END_REF]. Moreover, hypermethylation of the promoter DMR of AT5G35735 and hypomethylation of the intronic DMR of AT3G10340 in response to mild drought are associated with down and up regulation, respectively (Supporting Information Fig. S3b). Taken together, these findings suggest a causal link between altered gene expression and altered DNA methylation for these two genes. However, the observation that most genes affected by mild drought are not proximal to drought-induced DMPs or DMRs indicates that plastic changes in DNA methylation have a marginal role in the phenotypic response of plants to mild drought. An alternative explanation for our results

is that transcriptional and methylation patterns might be so heterogeneous and dynamic, that only analyses of both on the same individuals and very close in time can recover correlations.

That would then immediate evidence the limited scope for propagation of effects.

No intergenerational effects on DNA methylation

Finally, we tested whether intergenerational DNA methylation changes occurred. Taking into consideration the possibility of cumulative effects over successive generations of growth under drought, G3 progenies of Col-0 C 1 C 2 and S 1 S 2 plants were chosen for further analysis (Fig. 1a). WGBseq was performed on DNA extracted from unstressed individuals of the progeny of five Col C 1 C 2 and S 1 S 2 founder lines (Methods and Supporting Information Tables S54 andS6). Differential DNA methylation was investigated as described above using the five C 1 C 2 or S 1 S 2 progenies as biological replicates. Following this approach, no single consistent DMR could be identified between the two types of progeny, hence no intergenerational effect could be identified. In addition, we carried out all possible interindividual comparisons, which again yielded no single DMR. However, there was a marginal increase in the amount of stochastic variation in DNA methylation for the three sequence contexts among progenies derived from the five stressed parental lines (Supporting Information Fig. S4). In conclusion, our results suggest that there are no targeted and specific DNA methylation changes induced by mild drought that will persist into the next generation, although drought exposure may increase methylome heterogeneity among progeny of stressed plants and other intergenerational responses might still leave a trace in the methylome later.

Discussion

It has been proposed that exposure to environmental cues can trigger phenotypic changes that become inherited for more than one generation, and that this occurs through epigenetic mechanisms [START_REF] Bossdorf | Epigenetics for ecologists[END_REF][START_REF] Richards | Ecological plant epigenetics: Evidence from model and non-model species, and the way forward[END_REF]. In this study, we showed that water deficit applied before the reproductive stage in two successive generations affects the vegetative growth of individuals negatively. As expected, we identified expression changes in genes involved in for example cell wall thickening and responses to water deprivation. transgenerational epigenetic changes being a predictable and common response of plants to changes in the environment [START_REF] Boyko | Transgenerational adaptation of Arabidopsis to stress requires DNA methylation and the function of Dicer-like proteins[END_REF]Suter and Widmer, 2013a,b;[START_REF] Groot | Effects of multi-generational stress exposure and offspring environment on the expression and persistence of transgenerational effects in Arabidopsis thaliana[END_REF]Wibowo et al., 2016;[START_REF] Ganguly | The Arabidopsis DNA Methylome Is Stable under Transgenerational Drought Stress[END_REF].

Intergenerational plasticity is limited and does not lead to transgenerational effects

Stressors consistently affect the expression of a large number of genes and induce in a number of cases CHH hyper or hypomethylation of a variable number of TE and other repeat sequences (for example [START_REF] Dowen | Widespread dynamic DNA methylation in response to biotic stress[END_REF][START_REF] Eichten | Minimal evidence for consistent changes in maize DNA methylation patterns following environmental stress[END_REF][START_REF] Secco | Stress induced gene expression drives transient DNA methylation changes at adjacent repetitive elements[END_REF]Wibowo et al., 2016;this study). However, gene expression is rarely associated with DNA methylation changes (Meng et al., 2016) and for a given stressor, the extent of the latter as well as the mechanisms at play may differ radically between plant species [START_REF] Secco | Stress induced gene expression drives transient DNA methylation changes at adjacent repetitive elements[END_REF]. While in A. thaliana many of the CHH-DMRs induced by salt stress are transmitted to the immediate progeny (Wibowo et al., 2016), this is not the case for the CHH-DMRs induced by mild drought. In rice there was also no transmission of the CHH-DMRs induced by phosphate starvation [START_REF] Secco | Stress induced gene expression drives transient DNA methylation changes at adjacent repetitive elements[END_REF]. Thus, evidence so far points to a clear effect of environmental factors in triggering DNA methylation changes, which however do not persist in offspring. Indeed, different mechanisms preventing transmission of environmentally induced epigenetic states across generations have been described [START_REF] Baubec | Meristem-specific expression of epigenetic regulators safeguards transposon silencing in Arabidopsis[END_REF][START_REF] Crevillen | Epigenetic reprogramming that prevents transgenerational inheritance of the vernalized state[END_REF][START_REF] Iwasaki | Identification of genes preventing transgenerational transmission of stress-induced epigenetic states[END_REF] and our design aimed to minimize intergenerational plasticity. Nonetheless, true transgenerational epigenetic variation exists in nature [START_REF] Silveira | Extensive natural epigenetic variation at a de novo originated gene[END_REF]Quadrana and Colot, 2016) and what generates it remains epigenetic [START_REF] Durand | Rapid establishment of genetic incompatibility through natural epigenetic variation[END_REF][START_REF] Schmitz | Patterns of population epigenomic diversity[END_REF]Li et al., 2014;[START_REF] Dubin | DNA methylation in Arabidopsis has a genetic basis and shows evidence of local adaptation[END_REF]Kawakatsu et al., 2016b;[START_REF] Niederhuth | Widespread natural variation of DNA methylation within angiosperms[END_REF]Quadrana et al., 2016;[START_REF] Agorio | An arabidopsis natural epiallele maintained by a feed-forward silencing loop between histone and DNA[END_REF].

At the morphological level, we detected different responses between accessions, with both plasticity, intergenerational effects and limited trait-based maternal effects playing a role.

Maternal trait-based effects with potentially lasting effects occur at low frequency. Only for rosette compactness in a single accession (Bur-0) does an effect of a trait on itself occur in both P3 and P4. However, there is only an effect of ancestral drought on the slope in P3 and not P4. Mild drought changes trait variances but not consistently slopes of maternal traitbased effects. Therefore mild drought did not change this presumed mechanism of nongenetic heritability.

Plasticity is likely adaptive, a memory effect not

Modeling suggests a potential for DNA methylation-based transgenerational epigenetics to endow plants with a means to generate adaptive heritable phenotypic variation in response to changing environments [START_REF] Bossdorf | Epigenetics for ecologists[END_REF]Geoghegan and Spencer, 2013a, b;[START_REF] Uller | When is incomplete epigenetic resetting in germ cells favoured by natural selection?[END_REF]Kronholm and Collins, 2016). Models show that environmentally induced epiallelic variation can be favored over purely stochastic switching [START_REF] Furrow | Genetic variation and the evolution of epigenetic regulation[END_REF]. We did not detect such phenotypic changes and did not even find specific intergenerational methylation changes. [START_REF] Finlay | The analysis of adaptation in a plant-breeding programme[END_REF]. This would require sampling seeds per individual in the experiment to have lifetime measures of fitness or yield and additional levels of (mild) drought to permit fitting the regressions.

The intergenerational responses observed could be consequences of environmental effects on seed investment. The changes in trait variance could indicate that mild drought stress affects the predictability of the near future, without much of a consistent trend in expectations. Our observed changes might then be more in support of a bet-hedging strategy (e.g., [START_REF] Crean | Coping with environmental uncertainty: dynamic bet hedging as a maternal effect[END_REF].

In conclusion, our study provides strong support to the notion that plants first respond to physiological stressors through well-defined and conserved transcriptional networks [START_REF] Juenger | Natural variation and genetic constraints on drought tolerance[END_REF][START_REF] Ding | Dehydration stress memory genes of Zea mays; comparison with Arabidopsis thaliana[END_REF][START_REF] Clauw | Leaf responses to mild drought stress in natural variants of Arabidopsis[END_REF] or immediate parental influences on offspring phenotypes [START_REF] Herman | Adaptive transgenerational plasticity in plants: case studies, mechanisms, and implications for natural populations[END_REF]Wibowo et al., 2016). Whether transgenerational epigenetic variation in nature is caused by more dramatic environmental conditions than those tested so far in the laboratory, or by combinations of several mild stressors, or by mutations in genes such as A. thaliana DDM1 that are involved in the epigenetic control of TE remains to be determined (Quadrana and Colot, 2016). 
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  A c c e p t e d M a n u s c r i p t 11 predictions, we also fitted linear regressions to offspring traitmaternal trait combinations.

  isolated from Drought and Control Col-0 plants (3 replicates per treatment, 6 datasets). Leaf tissue was collected at 23 days after sowing from three Col-0 individuals grown on the Phenoscope under control and mild drought conditions and from the same seed batch as the founding Col-0 individuals used in the transgenerational design. Total RNA was extracted using the Qiagen RNAeasy extraction kit and sequenced at the Genome Center of the Max Planck Institute for Plant Breeding Research in Cologne, Germany. RNA-seq libraries were constructed using the standard Illumina Truseq protocol and sequenced in an Illumina Hiseq 2500 machine. Between 18.3 and 23.7 million reads were obtained per sample (average of 20.7

  S 1 S 2 G2 lines grown under standard in vitro conditions (10 datasets).

Fisher's exact

  tests and Benjamin-Hochberg (BH) adjustment of p-values (FDR < 0.05) and methylation difference cutoffs of 40% for CG, 20% for CHG and 20% for CHH.Differentially methylated windows within 100bp of each other were merged to form larger DMRs. Cytosine positions covered by more than 100 reads were not considered. For DMP analysis only cytosines covered by a minimum of 6 (CG and CHG) and 10 (CHH) reads in all libraries were considered. Bisulfite conversion rates were estimated by the number of methylated cytosine calls in the chloroplast genome.

  To complement the phenotypic analysis, we investigated the impact of mild drought on genomic DNA methylation patterns using the reference accession Col-0, which showed the strongest phenotypic response (Fig.2b) and for which a wealth of epigenomic data are available. To investigate within-generation plastic responses and capture as many cumulative changes as possible, WGBSeq was performed on DNA extracted at day 29 from leaves of pools of treated and control plants atP4 (C1C2C3 descendants, Fig 1; Supporting Information 

  assessed whether CHH-DMRs are preferentially localized over specific TE families. Out of the 326 TE and other repeat families annotated in the TAIR10 A. thaliana genome, 164 show at least one DMR and 18 families are enriched in DMRs compared to the random A c c e p t e d M a n u s c r i p t 17

  drought did not affect overall DNA methylation patterns and most genes with differential expression are not proximal to drought-induced DMRs, which suggests a marginal role of DNA methylation changes in the phenotypic response of plants to mild drought. We also detected intergenerational drought effects on the rosette sizes at the age where plants were placed on the robot and in relative growth rates. Transgenerational effects of mild drought after two successive generations of exposure are limited to changes in amounts of individual variation in phenotypic traits. The variance can increase or decrease depending on the accession and trait considered. Furthermore, the amount of stochastic DNA methylation variation increased marginally in lines with ancestral drought, suggesting that intergenerational effects on variability occur, which might persist into the next generation, but without any clear directional phenotypic effects. Finally, we found a limited number of maternal trait-based effects in any of the accessions. Their occurrence is overall close to the type I error rate. Therefore, our results add to the growing body of evidence against

  of natural populations are now just beginning to investigate this question, with no clear answer so far, except that most DNA methylation variants seen in nature are likely caused by DNA sequence variation and therefore are by definition not truly

  G, et al. 2016. Hyperosmotic stress memory in Arabidopsis is mediated by distinct epigenetically labile sites in the genome and is restricted in the male germline by DNA glycosylase activity. Elife 5. Wood SN. 2017. Generalized additive models: An introduction with R. , New York: Chapman and Hall/CRC. Yu A, Lepere G, Jay F,et al. 2013. Dynamics and biological relevance of DNA demethylation in Arabidopsis antibacterial defense. Proceedings of the National Academy of Sciences of the U S A 110, 2013. The Arabidopsis nucleosome remodeler DDM1 allows DNA methyltransferases to access H1-containing heterochromatin. Cell 153, 193-205.

AAFig. 1 .

 1 Figure legends

Fig. 2 .

 2 Fig. 2. Descriptive analysis of growth curves for projected rosette area (PRA) in the first generation (G1) for the five accessions grown under control or drought conditions. Individuals that remained below one cm 2 PRA by the end of the experiment or that died prematurely are not shown. (a) Kinetics of shoot size estimated by daily measurements of PRA. Growth curves of plants in control conditions are in blue, those that experienced mild drought in red. Black lines represent the averages per group. (b) Box and whiskers plot showing PRA on day 29 for the plants in each accession × treatment combination. Inset photographs show representative plants per accession × treatment.

Fig. 3 .Fig. 4 .

 34 Fig. 3. The time-dependent pattern of relative growth rates in P3 and P4 as predicted for the first pot on the robot (the model accounts for pot order) and for accession Col-0, based on generalized additive mixed models (gamms). On the x-axis the age of the plants in days is given. Plants are nine days old after sowing when the recording starts. Four central panels for each phenotyping experiment show the raw data per treatment combination. Above and to the right of each central column and row, predicted trajectories are grouped for two panels each time so that pairwise comparisons between ancestral drought treatment levels and drought in the phenotyping generation (plasticity) can be made in both P3 and P4. The raw data values are shown in grey together with a predicted relative growth rate trajectory per combination of treatments in G1/G2 (Memory) and P3 or P4 (Plasticity). P3/P4 treatments are shown in blue (Control) or red (Drought). The graphs demonstrate clear growth plasticity in response to mild drought and that plants manage to compensate the initial drop in relative growth rate shortly after the mild drought has reached a stable level at day 20. Note that there are very few plants with outlying patterns and that these have very low growth rates for a restricted age window only.

  

  Downloaded from https://academic.oup.com/jxb/advance-article-abstract/doi/10.1093/jxb/eraa132/5804628 by INRAE Institut National de Recherche pour l'Agriculture, l'Alimentation et l'Environnement user on 02 April 2020

	Whole-genome bisulfite sequencing (WGBS)
	To investigate plasticity of genomic DNA methylation patterns in response to mild drought,
	WGBS was performed on pooled DNA extracted at day 29 after sowing from mature leaves

and used Fisher's exact tests with Benjamini-Hochberg false discovery rate (FDR) corrections to test for over-representation of functional classes corresponding to different biological processes. Only the results for genes with FDR < 0.05 are inspected.

of 12 Col plants that were being subjected to control or water deficit treatments (1 pooled sample per treatment, two datasets). To assess intergenerational effects, we performed independent WGBS experiments on ten-day-old seedlings derived from 5 independent C 1 C 2
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  The general lack of such effects in our experiment might indicate that they are actually unnecessary in the range of imposed environments. In agreement with models of adaptation(Kuijper and Hoyle, 2015), we find that responses by means of phenotypic plasticity are stronger than by maternal effects. The rate at which intergenerational

	up experiments including additional accessions with incomplete recovery would allow testing
	whether lines with persistently incomplete acclimation have more transgenerational effects
	and whether indeed ancestral environmental history effects could explain this variability in
	strengths of plasticity. The adaptiveness of stress responses in certain conditions could be
	investigated further with Finlay-Wilkinson regressions
	M a n u s c r i p t
	A c c e p t e d
	drought effects rapidly decrease with plant age in the P3 group, and the absence of
	transgenerational effects seems to indicate that mild drought stress does not induce strong
	physiological changes that persist for long and could affect transmission of information or
	resources. On the contrary, a number of days after drought set in, several accessions in P4
	21

managed to return to the same relative growth rates in mild drought as in our control, demonstrating acclimation and overcompensation in one accession. This suggests that there is little remaining stress at that point. However, we did not find the same pattern in P3. Follow-

  Downloaded from https://academic.oup.com/jxb/advance-article-abstract/doi/10.1093/jxb/eraa132/5804628 by INRAE Institut National de Recherche pour l'Agriculture, l'Alimentation et l'Environnement user on 02 April 2020

Table 1 .

 1 Downloaded from https://academic.oup.com/jxb/advance-article-abstract/doi/10.1093/jxb/eraa132/5804628 by INRAE Institut National de Recherche pour l'Agriculture, l'Alimentation et l'Environnement user on 02 April 2020 Effects of environmental states in G1/G2 and phenotypic plasticity on the initial and final \average projected rosette area log(PRA) in generations P3 and P4. Confidence interval results from linear mixed models per accession, based on parameter estimates of minimum adequate models are shown. Symbol "*" indicates accessions where the variance between lines is retained in the model. LRT = Likelihood Ratio Test. All tail probabilities are from tests.

	M a n u s c r i p t
	A c c e p t e d
	30

Downloaded from https://academic.oup.com/jxb/advance-article-abstract/doi/10.1093/jxb/eraa132/5804628 by INRAE Institut National de Recherche pour l'Agriculture, l'Alimentation et l'Environnement user on 02 April 2020

Acknowledgments

We thank members of the Colot lab for discussions. This work was supported by funding from the Agence Nationale de la Recherche (project MEMOSTRESS, grant n⁰ ANR-12-ADAP-0020-01 (to V.C, O.L. and T.J.M.V.D.) and the European Commission Framework Programme 7, ERC Starting Grant 'DECODE' / ERC-2009-StG-243359 (to O.L). The IJPB benefits from the support of Saclay Plant Sciences-SPS (ANR-17-EUR-0007). This work has benefited from the support of IJPB's Plant Observatory technological platforms. ABS was supported by a postdoctoral fellowship from the Brazilian National Council for Scientific and Technological Development (CNPq -Brazil). LQ was recipient of postdoctoral fellowships from the ANR-10-LABX-54 MEMOLIFE and ANR-11-IDEX-0001-02 PSL Research University.

Kronholm I, Collins S. 2016. Epigenetic mutations can both help and hinder adaptive evolution. Molecular Ecology 25, 1856-1868. Krueger F, Andrews SR. 2011. Bismark: a flexible aligner and methylation caller for Bisulfite-Seq applications. Bioinformatics 27, 1571-1572. Kuijper B, Hoyle RB. 2015. When to rely on maternal effects and when on phenotypic plasticity? Evolution 69, 950-968. Lämke J, Bäurle I. 2017. Epigenetic and chromatin-based mechanisms in environmental stress adaptation and stress memory in plants. Genome biology 18, 124. Law JA, Jacobsen SE. 2010. Establishing, maintaining and modifying DNA methylation patterns in plants and animals. Nature Reviews Genetics 11, 204-220. Lawlor DW. 2012. Genetic engineering to improve plant performance under drought: physiological evaluation of achievements, limitations, and possibilities. Journal of experimental botany 64, 83-108. Lerat E, Fablet M, Modolo L, Lopez-Maestre H, Vieira C. 2016. TETOOLS facilitates big data expression analysis of transposable elements and reveals an antagonism between. Nucleic Acids Research 45, e17. Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G, Abecasis G, Durbin R, Genome Project Data Processing S. 2009. The sequence alignment/map format and SAMtools. Bioinformatics 25, 2078-2079. Li Q, Eichten SR, Hermanson PJ, Springer NM. 2014. Inheritance patterns and stability of DNA methylation variation in maize near-isogenic lines. Genetics 196, 667-676. Lin JY, Le BH, Chen M, et al. 2017. Similarity between soybean and Arabidopsis seed methylomes and loss of non-CG methylation does not affect seed development. Proceedings of the National Academy of Sciences of the U S A 114, E9730-E9739. Lister R, O'Malley RC, Tonti-Filippini J, Gregory BD, Berry CC, Millar AH, Ecker JR. 2008. Highly integrated single-base resolution maps of the epigenome in Arabidopsis. Cell 133, 523-536. Love MI, Huber W, Anders S. 2014. Moderated estimation of fold change and dispersion for RNAseq data with DESeq2. Genome Biology 15, 550. Luna E, Bruce TJ, Roberts MR, Flors V, Ton J. 2012. Next-generation systemic acquired resistance. Plant Physiology 158, 844-853. Matsunaga W, Ohama N, Tanabe N, Masuta Y, Masuda S, Mitani N, Yamaguchi-Shinozaki K, Ma JF, Kato A, Ito H. 2015. A small RNA mediated regulation of a stress-activated retrotransposon and the tissue specific transposition during the reproductive period in Arabidopsis. Frontiers in Plant Science 6, 48. Meng D, Dubin M, Zhang P, Osborne EJ, Stegle O, Clark RM, Nordborg M. 2016. Limited contribution of DNA methylation variation to expression regulation in Arabidopsis thaliana. PLoS Genetics 12, e1006141. Downloaded from https://academic.oup.com/jxb/advance-article-abstract/doi/10.1093/jxb/eraa132/5804628 by INRAE Institut National de Recherche pour l'Agriculture, l'Alimentation et l'Environnement user on 02 April 2020

 2. Effects of environmental states in generations G1/G2 and P4 on the mean relative growth rate (RGR) from days 13 to 16 in P3 and P4. Results from linear mixed model analysis and model after selection. Age in number of days is rescaled to value zero at day 13, to ease interpretability of estimates. In the table, accessions with random effects that differ in line/individual variance between the two G1/G2 treatment levels are indicated by symbol "**". Symbol "*" indicates accesions where the variance between lines is retained in the model. "#" indicates accessions for which the pot effects (linear effect of pot number on the robot) were retained.