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Abstract

Transgenerational plasticity (TGP) allows organisms to epigenetically alter offspring
phenotypes based on their own environmental experience. TGP is adaptive if offspring
perform better when their conditions match those experienced by parents. TGP is now
a well-established phenomenon in plants, with current research focusing on the range of
environmental causes and the mechanisms that epigenetically translate environmental
experiences into phenotypic responses. This study tests neighbor density as an
environmental driver of TPG, either through induction (response determined only by
parental experience) or priming (response determined by the combination of parental
and offspring experience). Replicate individuals of a single genotype of Mimulus
platycalyx were grown to maturity under three conditions: No neighbors, Medium
neighbor density, or High neighbor density. Offspring produced by selfing plants within
each parental treatment were grown under both crowded and uncrowded conditions and
measured for height, plant size traits, and flower number. Offspring growing under
crowded conditions were relatively taller, had bigger leaves, and produced more flowers
if their parents experienced neighbor competition than if their parents did not. In
contrast, offspring grown alone performed relatively better when their parents also grew
alone and did not experience competition. This pattern of performance variation, where
plants did best when their environmental conditions matched those of their parents,

suggests adaptive transgenerational priming in this species.
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Introduction

Phenotypic plasticity is the ability of a single genotype to express different phenotypes
in response to different environments. Transgenerational plasticity (TGP) occurs when
plasticity is transmitted across generations: The environmental experiences of parental
plants alter the development of their offspring. It can be mediated through a variety of
mechanisms, from maternal provisioning of nutrients to the transfer of small signaling
RNAs, or via DNA methylation and histone modifications [1-3]. TGP can play an
important role in buffering populations against environmental fluctuations, offering short-
term flexibility while longer-term genetic adaptation unfolds [4]. The advantage of TGP
depends largely on the predictability of environmental conditions across generations. In
cases where parental environments accurately predict those of their offspring, TGP can

substantially improve offspring performance [5].

TGP encompasses two distinct kinds of progeny responses. Transgenerational
induction occurs when parental plants experience a particular stress, e.g. attack by an
insect herbivore, and this induces a consistent response in progeny [6]. For instance,
the progeny of attacked parents may develop elevated values for defensive traits even if
they never experience attack [7]. A more subtle form of TGP has been named
transgenerational priming [8], where parental experience does not automatically induce
phenotypic changes in offspring, but simply ‘primes’ them to respond more rapidly (or to
a greater degree) if these offspring experience that same stress. Induction and priming
can be distinguished in the typical factorial design of TGP experiments [9]. Plants are
grown and allowed to reproduce under different environmental conditions (the parental

treatment). Offspring from parents grown in each parental treatment are split among
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4
distinct environmental conditions (the offspring treatment) and then measured for
phenotypes and/or performance. Analyzing offspring phenotypes with a factorial
ANOVA, induction is identified by a significant direct effect of the parental treatment.
Priming is indicated by a significant interaction between parental and offspring
treatments, that is when the parental effect depends on the environment experienced by

the offspring.

For either induction or priming, TPG is adaptive only if offspring phenotypes are altered
in the “right” direction, that which leads to increased fitness [10]. For instance, in
Campanulastrum americanum, offspring grown under the same specific light conditions
as their parents exhibited larger Leaf area and seed mass, i.e. fithess improved in
matching environments [11]. Similarly, in four perennial European species tested under
drought and waterlogging stress, it was matching between parents and offspring
environments that lead to greater offspring biomass and reproductive output [12].
Likewise, in Helianthemum squamatum, offspring of drought-stressed parents had

greater relative seed mass when they also experienced drought [13].

In this study, we consider varying levels of neighbor density as an environmental agent
that might produce TPG. Plants often grow near neighbors, and this can have both
positive and negative effects [14]. Neighboring plants can provide benefits such as
buffering against wind or grazing or through increased recruitment of pollinators.
However, neighbors can also trigger intense competition for light, water, and nutrients.
Plants frequently show plastic responses in the presence of conspecific neighbors. In
dense stands, plants that grow taller via stem elongation can have a competitive

advantage especially for light [15, 16]. However, excessive elongation is not beneficial
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5
80 under low density conditions owing to reduced mechanical stability [10]. Plastic
81 responses to density shape growth, structure, and reproduction. To the extent that
82 density shows predictable pattern across generations, it may be a useful cue for TGP.
83 Forinstance, parental exposure to strong competition leads to increased offspring

84  height under similar competitive conditions in Taraxacum brevicorniculatum [17].

85 To test whether and how TGP influences offspring responses to neighbor density, we
86 conducted a two-generation greenhouse experiment using Mimulus platycalyx. The

87  parental generation was grown under three treatments: Control (no neighbors), Medium
88 Density, and High Density. These parental plants were self-fertilized, and seeds were
89 collected to be used as the offspring generation. We grew from each parental treatment
90 under both crowded and uncrowded conditions and measured them for traits related to
91  growth and reproduction. We find no evidence for transgenerational induction but a

92 strong signal of transgenerational priming.

93

94 Materials and methods

95 Study species

96  Mimulus platycalyx is an annual species that occupies wet habitats [18]. Compared to

97 its close relative Mimulus guttatus, which occurs in a broad range of moist

98 environments, M. platycalyx has a more restricted distribution [18]. It also differs

99 morphologically, displaying a broader calyx and more upright growth than M. guttatus.
100 M. platycalyx reproduces often by self-fertilization with field estimates for the

101  outcrossing rate ranging from 0.1 to 0.5 [19-21]. These estimates are upwardly biased
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6
102  owing to inbreeding depression, and thus, M. platycalyx is likely to be predominantly
103 selfing in most populations in most years [22]. Local populations of M. platycalyx do
104  exhibit genetic variation in quantitative traits, although levels appear to be quite reduced
105 relative to M. guttatus [22, 23]. The mating system of M. platycalyx and its ecological
106  and morphological characteristics make it a compelling species for studying TGP.
107 Limited genetic variation within M. platycalyx populations may restrict their potential for
108 rapid genetic evolution. In such cases, TGP may provide a mechanism for coping with

109 recurring environmental conditions.

110 The seeds of Mimulus platycalyx used in this experiment were derived from a collection
111 by Noland Martin from a population near Guenoc Winery, Napa County, California

112 (38.756913, -122.607345; population code “NAP”). A single inbred line was established
113  through successive generations of self-pollination in the greenhouse. This line was

114  selfed for at least five generations prior to the present experiment. All plants used in
115 this experiment, both parental and offspring generations, were sampled from the

116  progeny of a single family within this inbred line. These plants are highly homozygous

117  and should be (nearly) equivalent in genotype.
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120 Figure 1. The treatments are depicted for the (A) Parental and (B) Offspring
121  generations. Focal plants are shown in green, and neighbor plants are shown in

122 black.

123

124  Experimental Design

125 We grew 93 genetically identical plants (the parents), between 29 and 32 in each of
126 three distinct treatments (Figure 1). Control parents grew alone in a pot, experiencing
127  no neighbor competition. Medium Density parents were surrounded by 8 neighbors of

128 the same genotype at the edge of the pot, sufficient to generate moderate competition.
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129 High Density parents were surrounded by a dozen very close neighbors in addition to 8
130 “edge” neighbors. Pilot experiments had shown the High Density condition induced a
131 pronounced within generation plastic response of the focal plant involving stem
132 elongation. All the neighbors were the same genotype as the focal plants. After five
133  weeks, close neighbors were removed in the High density pots to allow for focal plant
134  growth (edge neighbors remained). To ensure sufficient seed production, the parental
135 plants were hand self-pollinated. We collected, counted, and weighed the total set of
136 seeds produced by each parental generation plant. “Mean seed mass”, as reported

137  below, is the total mass divided by seed number for each parental plant.

138 The offspring generation was initiated three weeks after the completion of seed

139 collection from the parental generation. Offspring generation seeds were stratified for
140 the last 7 days of this interval on wet soil at 4°C. After germination, offspring within

141  maternal families were randomly split between two growth treatments (figure 1, lower
142  panel). In “Control”, focal plants were not surrounded by any neighbors. In “Crowded”,
143 focal plants were surrounded by eight close neighbors, forming a ring around it. In

144  terms of shading, the Crowded offspring treatment is intermediate to the Medium and
145  High Density treatments of the parental generation. It was not practical to repeat the
146  High Density treatment in the offspring generation because we could not identify and
147  track a single focal plant within known ancestry. Offspring pots were assigned to

148  ‘blocks,” defined by a shared start date (pots were initiated in two cohorts staggered by
149  one week) and grouped together within the same flat. Although the members of a block
150 were spatially separated from other offspring pots, they were located in same area of

151 greenhouse at any specific time. Flats were rotated twice per week. Importantly, the
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9
152  experimental treatments (all combinations of parental and offspring treatment) were
153  balanced across blocks. This means that blocks effects can be statistically factored out

154  when testing for treatment effects.

155 Plants were grown under standard greenhouse conditions for Mimulus [24], with an 16-
156  hour photoperiod, daytime temperature of 24°C, and nighttime temperature of 15°C.

157 Berger MB6 All Purpose Mixed Soil was used with a fungicide (Subdue GR, Syngenta)
158 and a pesticide (Marathon 1%, OHP) added at 20 ml and 250 ml per 25 gallons of sail,
159 respectively. All plants were grown in 4-inch pots filled with the standardized soill

160  mixture. All plants received 10N-30P—20K Blossom Booster fertilizer (Jack’s Classic)
161  applied weekly at a concentration of 250 ml per 25 gallons of water. During early

162 germination and growth, plants were top misted daily and subsequently received regular

163  bottom watering for the duration of the experiment.

164 Data Collection & Measured Traits

165 Measurements were taken over the course of the experiment, but here we report and
166 analyze only those from the final census taken ca. 42 days after seed-to-soil. At harvest,
167 leaf width was measured on the largest leaf. This measure of leaf size is strongly

168 associated with the total above ground biomass of plants in Mimulus [25]. All internodal
169 lengths taken along with total plant height. The length of the pistil was measured on two
170 flowers given that previous studies have shown this to be a stronger predictor of the

171  maximum seed set of a flower (seed set of flowers when they are given a saturating

172  dose of pollen; [26]). Finally, we also recorded the total number of flowers produced by

173  each plant up to the final harvest. Dimension measurements were taken using a 6-inch
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174  stainless steel drafting ruler (General Tools & Instruments, USA) to 1/100t" inch

175  precision.
176  Statistical Analysis

177  We used general linear models (ANOVAs and ANCOVASs) to test treatment effects on
178 all measured traits. For average seed mass of parental plants, we applied a single

179 factor ANOVA with Parental treatment (fixed) as the factor. For final offspring values of
180 height, internodal differences, leaf size, pistil length, and flower number, we first fit a
181 factorial ANOVA with Parental Treatment and Offspring Treatment (both fixed) and their
182 interaction. This model also included block and parental line (nested within Parental
183 Treatment) as random effects. Finally, we reran the model fits for each offspring trait
184 including the average seed mass of each parental line as a covariate. Mean seed mass
185 was first used as a simple linear predictor and then we allowed it to interact with

186  Offspring treatment in these ANCOVA tests. All statistical analyses were performed

187  using Minitab (version 21.2, 64-bit).

188

189 Results

190 A total of 587 offspring plants were measured at the final harvest. For each of the four
191 composite measures (final height, flower number, maximum leaf width, and mean pistil
192 length), there was a highly significant negative effect of the offspring Crowded treatment
193 (Figure 2, Table 1). This indicates that neighbor interactions were competitive.

194  Parental treatment had no direct effect on any trait. However, three of the four traits

195 exhibited a significant Parent by Offspring treatment interaction (Table 1). Only average
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196 pistil length was unresponsive to parental treatment. For the other three traits, the
197 difference between Crowded and Control offspring changed depending on the Parental
198 treatment (Figure 2). For all offspring traits, parental line explained a significant portion

199  of the variation (Table 1).

Height Flower number | Leaf width Pistil length
Trait >>>
Source of variation F P F P F P F P
Parental treatment 0.07 | 0.93 1.72 0.18 0.16 | 0.85| 0.56 | 0.57
Offspring treatment 29.8 0| 1113 0| 110.64 0| 56.1 0
Block 5.82 0 7.61 0 4.15 0| 272 0
Parental line (Parental treatment) | 1.86 0 1.6 | 0.001 1.42 | 0.012 | 1.63 | 0.001
Parental * Offspring Interaction 5.92 | 0.003 413 | 0.017 3.26 | 0.039 | 0.59 | 0.556

200 Table 1. Results of factorial ANOVA testing the effects of parental treatment,

201 offspring treatment, and their interaction are presented for four offspring traits. F
202 ratios and associated p-values are reported for each factor. Significant effects (p
203 < 0.05) are shown in bold; values of 0 indicate p < 0.0005.

204 In the Offspring Control treatment, plants were taller when their parents had been grown
205 alone (Parental Control) compared to when their parents had experienced High Density

206 conditions (average difference ca. 22mm). In contrast, for offspring grown in the

207 Crowded Treatment, they finished substantially shorter if their parents were grown alone
208 relative to parents grown under High Density (average difference ca. -15mm). For flower
209 number and leaf width, the same direction of differences obtained. Control offspring had
210 more flowers (average difference = 4.9) and larger leaves (average difference =

211 1.65mm) if their parents were grown without neighbors. Offspring in the Crowded

212 treatment had fewer flowers (average difference = -2.6) and smaller leaves (average

213 difference = -1.51mm) if their parents were grown without neighbors. Responses to the
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214  Medium Density parent treatment were generally intermediate, although perhaps more

215 like the Control than High Density parental treatment (Figure 2).

(#)
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: 3
— 0
£ .
0
®
-2 *
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Offs pring Caniral Crgwied Cengrod Croweded Control Crowdied
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216

217  Figure 2. The mean values for (A) final height, (B) leaf width, and (C) flower
218 number are reported for each combination of parental and offspring treatment.
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219 Values are reported relative the overall mean value for each trait (orange bar):
220 231mm for height, 28.0mm for leaf, and 23.56 for flower number. The p-value from
221  the Parental x Offspring treatment interaction is reported in each panel. Error
222  bars are +/- 1 SEM after factoring out the effects of block.

223

224  The plastic growth responses of offspring are assessed by the lengths of different

225 internodal segments (Figure 3). Regardless of parental treatment, internodal lengths
226 tended to increase through time when offspring grew alone (green arrows in Figure 3)
227 and decline when offspring experienced crowding (orange arrows). This is expected if
228 shading increases with time in the Crowded Treatment but not the offspring Control
229 Treatment. Shading should reduce the relative growth rate in the Crowded Treatment.
230 However, the origins and lengths of the arrows in Figure 3 reveal the nature of Parental
231 treatment effects. Considering offspring grown without neighbors, the first internode
232 was about the same regardless of parental experience. However, offspring of Control
233 Parents grew much more rapidly than offspring of High Density parents when the

234  offspring were grown without neighbors. In contrast, the early growth (expansion of the
235 first internode) differed substantially among parental treatments when offspring were
236 grown in the Crowded treatment. This suggests an ‘anticipatory’ effect: Offspring of
237 parents that experienced either Medium or High Density get a head start when growing

238  with neighbors.
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240 Figure 3. The average internodal distances are reported for the 1st, 379, and 5t
241 internodes for each combination of parental and offspring. Green and orange
242  arrows highlight the change in internode length across developmental time, with
243 green indicating growth in control conditions and orange in crowded conditions.
244  As in Figure 2, values are standardized relative to the mean length of the relevant
245 internode and error bars are +/- 1 SEM.

246

247  Parental treatment did influence the average mass of seeds (Figure 4A). Seeds from
248 plants in the Medium and High Density conditions were significantly heavier than those
249  produced by Control parents (F290 = 9.15, p < 0.0005). To evaluate seed mass effects
250 on offspring generation responses, we determined the mean phenotype of offspring

251 from each parental family (we do not have the mass of the individual seeds that

252  produced specific offspring). There was no relationship between seed mass and

253 average offspring phenotype of each family (all regressions non-significant,

254  Supplemental Figure 1). However, an effect of seed mass becomes apparent if we split

255 the offspring in each family according to the treatment that offspring experienced. For


https://doi.org/10.1101/2025.08.26.672516
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.08.26.672516; this version posted August 30, 2025. 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 a CC-BY 4.0 International license.

15
256 height, there was a positive effect of seed mass among crowded offspring but not
257  control offspring, the test for slope heterogeneity is highly significant (F1 176 = 11.54, p =
258 0.001). Considering each offspring treatment separately, the regression is significantly
259 positive in the Crowded treatment but non-significant in the Control. Also, if one
260 subdivides these groups based on Parental treatment, there is no evidence of slope
261 heterogeneity based on Parental treatment. This analysis was applied to the other three
262 traits (Supplemental Figure 2). Slope heterogeneity based on offspring treatment was
263 significant for leaf width (F4 176 = 8.58, p = 0.004), but not for flower number (F4 176 =

264 2.51,p > 0.05) or pistil length (F1 176 = 0.01, p > 0.05).

0,020
0,019 00
! Slope heterogeneity test p = 0.001 .

Contral MediumDensity HighDensity 0010 0.015 0.020 0025 0.030 0.035 0040 0045
Parental treatment Mean Seedmass

265

266 Figure 4. (A) The mean seed mass produced by parental plants is reported for
267 each treatment group. (B) The regressions of family mean offspring height for
268 either the Control (blue) or Crowded (red) offspring treatment onto mean seed
269 mass is reported with the statistical test for slope heterogeneity.

270
271  Noting these dependencies, we expanded the ANOVA model (Table 1) to include
272  covariates based on mean parental seed mass. This ANCOVA, reported as Table 2,

273 includes two additional terms (“Seed mass” and “Seed mass * Offspring treatment”) that

274  characterize seed mass effects on offspring phenotypes in a way that is specific to
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275 offspring treatment. As expected from Figure 4B, we find a highly significant effect of
276 Seed mass * Offspring treatment for Height and Leaf width. The test on factors in this
277  ANCOVA evaluate the effects of parental and offspring treatments after statistically
278 removing the effect of mean parental seed mass. Importantly, the interactions between
279 parental and offspring treatments, which were significant for height, flower number and
280 leaf width in the ANOVAs (Figure 2, Table 1), become marginally non-significant in the

281  ANCOVAs (Table 2).

282
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Flower
Trait >>> Height number Leaf width Pistil length
Source of variation F P F P F P F P
Covariates:
0.3 0.1
Seed mass 0.74 9| 0.07| 080| 2.68| 0.10 9| 0.66
Seed mass * Offspring 12.7 0.04 0.00 | 0.1
treatment 3 0| 3.98 7| 9.93 2 2] 0.73
Factors:
0.3
Parental treatment 036 | 0.7 228 | 0.10| 1.47 | 0.23 8| 0.69
214 17.0 275 1.3
Offspring treatment 6 0 2 0 4 0 4| 0.25
2.6
Block 5.91 0 7.6 0| 412 0 8 0
Parental line (Parental 0.00 0.00 | 1.6 | 0.00
treatment) 1.81 0| 1.57 2| 145 9 1 1
Parental * Offspring 0.1 04
Interaction 1.98 4| 245| 0.09 2| 0.14 5| 0.64

283 Table 2. Results of ANCOVA testing the effects of parental treatment, offspring
284 treatment, their interaction, and covariates (seed mass and seed mass x offspring
285 treatment) on four offspring traits. F ratios and associated p-values are reported
286 for each factor. Significant effects (p < 0.05) are shown in bold; values of 0

287 indicate p < 0.0005.

288

289 Discussion
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290 This study demonstrates transgenerational plasticity (TGP) in Mimulus platycalyx in
291  response to varying levels of competition from conspecific neighbors. The results favor
292 transgenerational priming rather than transgenerational induction. The offspring of
293 parents that experienced competition exhibit phenotypic changes that appear to
294  increase their competitive ability, but only if these offspring themselves experience
295 crowding (Figure 2). Because flower size (and the estimated reproductive capacity per
296 flower) was unaffected by parental treatment, we can use the total flower numbers as
297 an integrated performance measure for this experiment. Progeny growing without
298 neighbors produced 19% more flowers if their own parents had not experienced any
299 competition (parental Control) than if they had experienced intense shading (parental
300 High Density). Progeny growing under crowded conditions produced 14% fewer flowers
301 if their own parents had not experienced any competition than if they were in the High
302 Density treatment. This reversal of relative fitness with environment is the signature of

303 adaptive plasticity [10].

304  Our experiment had three distinct treatments corresponding to different levels of

305 intraspecific competition (Figure 1). Generally, parents that experienced moderate

306 competition produced a more modest progeny response than those experiencing high
307  competition. This suggests that the quantitative level of stress experienced by parents
308 can regulate the magnitude of the priming response with more intense conditions

309 producing stronger transgenerational effects [27]. This may not be surprising given that
310 the proximate drivers of TGP (nutrients, signaling molecules, levels and patterns of

311 methylation and histone modifications) all vary quantitatively.
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312  Across the traits that we measured, the signal of priming was strongest for final plant
313  height (Figure 2A). Height is a key trait when plants are competing for light under high
314  density conditions. Taller plants often gain competitive advantages in dense stands by
315  overtopping neighbors to capture light [16], but excessive stem elongation can be
316  detrimental when neighbors are not present. Final height is as much an outcome as a
317  growth strategy; it being determined by growth/allocation decisions early in the lifetime
318 of a plant (Figure 3). A potential cost of priming is suggested by the green arrows in
319  Figure 3: Offspring of parents that experienced competition showed reduced relative
320 growth when they grew without competitors. In contrast, primed offspring got going
321  more quickly in the presence of competitors (orange arrows in Figure 3) than offspring
322 from the Control parental treatment. Puy, de Bello (17) obtained similar results in a
323 recent experiment examining TPG in response to competition in Taraxacum

324  brevicorniculatum.

325 To prime or to induce?

326 The closest relative to M. platycalyx that has been shown to exhibit TPG is M. guttatus,
327  which shows a very strong induction response to both natural and simulated herbivory.
328 The response is not limited to growth and morphological features of offspring, but also
329 gene expression, genomewide DNA methylation patterns, and herbivory resistance in
330 thefield [7, 28-31]. The present experiment of M. platycalyx shows no evidence of

331  induction — the direct effect of parental treatment is never even close to significant

332 (Table 1). Why should M. platycalyx prime their offspring for neighbor competition when

333 M. guttatus induces defense for herbivore attack?
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334  Whether to prime or induce may be determined by developmental or physiological
335 constraints. Priming requires a quicker developmental response than induction
336  because offspring wait to receive the environmental stimulus before altering gene
337  expression, hormone production, etc., to produce phenotypic changes. Neighbor
338 competition might be a good candidate for rapid response given that auxin mediated
339 stem elongation can occur within minutes to few hours upon shading [32, 33]. The
340 defense phenotypes documented in M. guttatus (where TGP occurs by induction), such
341  as the development of glandular trichomes and production of defensive secondary
342 compounds, cannot be produced as rapidly. Consequently, plants may be devoured

343  before they can mount an effective defense by priming.

344  Ecological circumstances may also determine whether priming or induction is favorable
345 [34]. Some degree of predictability of environmental conditions from the parental to
346  offspring generation is necessary for any form of TGP to be adaptive. In “climax”

347  populations of M. platycalyx, where the species exists in high density (nearly)

348 monospecific stands, parental experience of density should be reliable. However, like
349  other annual herbaceous species, density may decline substantially in years where
350 idiosyncratic environmental perturbations cause low germination or high offspring

351  mortality. Also, persistence of the M. platycalyx metapopulation requires the occasional
352  colonization event of newly available habitat patches. A seed produced from a high
353 density population that establishes in a new area will certainly experience a different
354  competitive environment than its parents. In such circumstances, it would be

355 advantageous to sense the environment before committing to a phenotype based on

356 parental experience.
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357 The subtle effect of seed mass and the basis of transgenerational priming

358 Parental plants that experienced competition produced heavier seeds (Figure 4A).

359  While stress often reduces seed provisioning in plants [9], a number cases like M.

360 platycalyx have been documented [35]. For example, drought stress causes plants to
361 increase seed mass in Helianthemum squamatum [13]. A very interesting result is that
362 if we add seed mass as a simple covariate when analyzing offspring phenotypes, it has
363 no effect on any trait (Supplemental Figure S1). However, when we allow seed mass to
364 have differing effects for control versus crowded offspring, a highly significant pattern
365 emerges. Both height and flower number increase with mean seed mass, but only if the
366  offspring experience crowding (Figure 4B, Supplemental Figure S2). Since priming is
367 indicated by an interaction between parental and offspring treatments, Table 2 suggests
368 that priming is at least partially mediated through seed mass or some other

369 (unmeasured) factor that is correlated with seed mass.

370  The prediction of priming from seed mass does not imply that simple nutrient

371  provisioning explains TGP. If increased seed size translates directly to increased early
372  growth, we should have seen positive effects in both control and crowded conditions.
373  For offspring grown without neighbors, seed mass actually had weak negative

374  correlations (non-significant) with final size traits (Supplemental Figure S2). The

375  conditionality of the response suggests that other epigenetic factors may be involved.
376  While factors such as DNA methylation have not yet been studied in M. platycalyx, they
377 have been implicated in TGP of the closely related M. guttatus [30]. In M. guttatus, the
378  epigenetic signal of TGP for trichomes is transmitted as much thorough male gametes

379 as female gametes [31], which clearly requires an explanation beyond seed nutrient
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380 provisioning. More work is needed to determine the proximate mechanisms of priming

381 in M. platycalyx.

382 Conclusion

383  Our findings demonstrate that parental exposure to competition from neighboring plants
384 leads to transgenerational priming in Mimulus platycalyx. Significant Parent x Offspring
385 treatment interactions for height, leaf width, and flower number (Table 1, Figure 2)

386 indicate that offspring responses depend on both their own environment and that of their
387 parents. Analyses of internode growth (Figure 3) inform questions on the developmental
388 basis of anticipatory plasticity, with offspring of crowded parents performing better under
389 crowding but relatively worse when growing alone. Parental treatment also altered seed
390 mass (Figure 4A), with crowding having the counter-intuitive effect of increasing

391 average seed size. The size of seed had no average effect on offspring traits.

392 However, it had a contingent effect by increasing particular traits but only when offspring
393 experienced crowding; a result that provides valuable clues about the mechanistic basis
394  of priming. These results highlight the value of priming relative to induction as a form of
395 TPG because it provides plants additional flexibility in plastic responses to match

396 current environmental conditions.

397

398 Data availability

399  All data used for this paper have been archived in Dryad (DOI pending).
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Figure S1. The mean offspring trait value per family is reported as a function of mean
parental seed mass for that family. Each point represents a family, and red lines show
the linear regression fit. None of the slopes are significantly different from zero (p > 0.05),
indicating no relationship between parental seed mass and offspring trait expression

across families.
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530

531  Figure S2. Regressions of mean offspring trait values on mean parental seed mass are
532 shown separately for Control (blue) and Crowded (red) offspring treatments. Each point

533 represents a family, and lines indicate fitted linear regression models.
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