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Abstract

Plants respond to environmental stimuli in a diversity of ways including the
production of secondary metabolites. Biosynthesis of plant phenolics, including flavonoids, is
frequently activated in response to a variety of abiotic and biotic stressors (e.g. extreme
temperatures, high radiation, pathogens, etc.). This induced reaction is typically assumed to
be a plastic response, but the components attributable to plasticity vs genetic variance in these
components are poorly understood. Here, we investigate the variation in flavonoid production
(anthocyanins and flavones) in petals, calyces, leaves and stems of Silene littorea. We
performed a common garden experiment with maternal families from three populations in
which plants were exposed to different light treatments (sun exposure and shade). The
synthesis of both anthocyanins and flavones is mostly plastic, showing significant
environmental effects in all photosynthetic tissues, with 23 to 42% of total phenotypic
variance explained by light environment. However, non-photosynthetic petals showed
considerably less plasticity in anthocyanin production in contrast with the accumulation of
these compounds in photosynthetic tissues. The concentrations of anthocyanins in
photosynthetic tissues increased when plants were exposed to sun, yet flavones are produced
constitutively in both sun and shade treatments. Flavones exhibited approximately half the
degree of phenotypic plasticity compared to anthocyanins in photosynthetic tissues. Overall,
these results provide new insights into the degree of tissue-specific plasticity and flavonoid-
specific response. Variable plasticity between flavonoids types in petals and photosynthetic
tissues may allow this annual plant to differentially respond to changing light environments,

while maintaining constitutive petal color in response to pollinators.
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Highlights

Light exposure increased the production of anthocyanins and flavones.

Production of anthocyanins and flavones is mostly plastic in photosynthetic tissues.

Petals showed much lower flavonoid plasticity than photosynthetic tissues.

Anthocyanin biosynthesis is more plastic than flavone production.
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1. Introduction

Plant species are exposed to a range of environments over both time and space. Across
an environmentally variable geographic range, selection will often lead to local adaptation to
regional environmental conditions (Linhart and Grant, 1996). Alternatively, environmental
heterogeneity within a population over time can drive phenotypic plasticity, a means of
expressing alternative phenotypes in response to environmental changes (Schlichting and
Pigliucci, 1998; Matesanz and Valladares, 2014). In plants, phenotypic plasticity is induced
by variation in a great deal of environmental factors, such as water availability (Sultan and
Bazzaz, 1993; Nilson and Assmann, 2010), light heterogeneity (Valladares and Niinemets,
2008; Matos et al., 2009), temperature variations (Vogler et al., 1999; Atkin et al., 2006),
among many other factors. Thus, plants modify biochemical, anatomical, morphological and
physiological phenotypes within an individual’s lifetime in response to environmental factors
(reviewed in Sultan, 2000; Atkin et al., 2006; Nicotra et al., 2010). Most of the literature has
focused in those traits directly involved in functions related to photosynthesis, respiration and
development (i.e. primary metabolites). However, limited information exists on the degree of
plasticity in the synthesis of secondary metabolites, which exert a key role in plant response to
environmental changes (Metlen et al., 2009; Di Ferdinando et al., 2014; Castagna et al.,
2017).

Phenolic compounds, particularly flavonoids, are an important group of plant
secondary metabolites (Crozier et al., 2006). The accumulation of different types of
flavonoids, such as flavonols, flavones, or anthocyanins help plants to cope with a wide
variety of biotic and abiotic stressors (e.g. wounding, extreme temperatures, exposure to
visible or UV radiation, pathogens, etc.; reviewed in Mouradov and Spangenberg, 2014;

Landi et al., 2015; Jiang et al., 2016). Anthocyanins are one of the end products of the
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flavonoid pathway, and are found in many flowers and fruits but also in vegetative organs
(Steyn et al., 2002; Tanaka et al., 2008; Landi et al., 2015). Variation in anthocyanin content
1s commonly constitutive in petals and fruits, probably due to its obligate mutualism with
pollinators and seed dispersers (Schaefer and Ruxton, 2011); but in the rest of the plant, the
accumulation of both anthocyanins and non-anthocyanin flavonoids can be highly variable
and often respond transiently to environmental signals (Jaakola and Hohtola, 2010; D1
Ferdinando et al., 2014; Del Valle et al., 2015).

The ability to generate protective flavonoids against a wide range of biotic or abiotic
stressors may confer a selective advantage in changing environments (Landi et al., 2015). The
synthesis of these compounds after an environmental stress is commonly assumed as a plastic
response (e.g. Smith, 1990; Steyn et al., 2002). However, little is known about the genetic and
heritable (i.e. the interaction of genotypic and environmental effects) components of this
plasticity (but see Lacey and Herr, 2005; Jaakola and Hohtola, 2010; Lacey et al., 2010,
Koski and Ashman, 2013). The knowledge of these three components of phenotypic variance
(genetic, environment and their interaction) is critical to understand the influence of natural
selection in the production of stress-induced flavonoids (Vogler et al., 1999; Murren et al.,
2015). Given that regulation of the flavonoid biosynthesis is tissue-specific (Albert et al.,
2014) and the phenotypic plasticity takes places at the intra-individual level (de Kroon et al.,
2005; Herrera, 2009), studies on the components of phenotypic variance in the flavonoid
production must be assessed in different plant tissues.

High radiation, including both VIS and UV light, is one of the most important factors
affecting flavonoid production. Due to their absorption spectrum and antioxidant properties,
flavonoids prevent damages to both photosynthetic apparatus and DNA caused by excessive

solar irradiance (Treutter, 2006; Pollastri and Tattini, 2011; Landi et al., 2015). In the last
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years, the genetic mechanisms underlying the light-induced flavonoid accumulation have
been elucidated (reviewed in Albert et al., 2014; Xu et al., 2015). These studies point to a
fundamental role played by MBW complexes, a family of transcriptional regulatory genes
that act in the flavonoid biosynthetic pathway. Yet, how do tissues in which anthocyanins
play a role other than stress-response (e.g., petals for pollinator attraction), respond (or not) to
changing light conditions?

In this study, we experimentally investigated the degree of phenotypic plasticity in
flavonoid production throughout the aboveground tissues of Silene littorea Brot. when
exposed to different light environments. We selected this species because it accumulates
anthocyanins and other flavonoids in petals and photosynthetic tissues (calyces, leaves and
stems) (Del Valle et al., 2015; Fig. 1). In addition, S. /ittorea shows a latitudinal pattern in
flavonoids accumulation in most plant tissues: increasing flavonoids in southern populations
of the range area positively correlated with solar exposure and temperature and negatively
correlated with rainfall (Del Valle et al., 2015). However, it is still unknown if the differential
accumulation of flavonoids is explained by phenotypic plasticity or if it is caused by locally
adapted genotypes. To disentangle these two possibilities, we performed a common garden
experiment using extreme light conditions (sun and shade treatments). In this experiment, we
used seeds from three geographically distinct populations that are exposed to different degrees
of solar exposure in their native habitat (number of sunny days, level of UV radiation, solar
exposure intensity, etc.). In light of the cost and limits of phenotypic plasticity and local
adaptation in plants (Pigliucci, 2005; Valladares et al., 2007; Murren et al., 2015), we
postulate the following non-mutually exclusive predictions for the accumulation of flavonoids
in different tissues of S. littorea: 1) if flavonoid production is influenced by phenotypic

plasticity, then we predict high levels of variance attributable to the environment (light
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treatment), with plants showing the same flavonoid quantity in each light treatment
independently of their home environments, and 2) if local adaptation or phylogenetic inertia
constrains flavonoid accumulation, then we expect differences among genotypes from
different populations, with most of the variance attributable to the genotype. Given that a
prevalent role of phenotypic plasticity has been found, we also analyzed whether the plastic
response varied among different plant tissues (petals, calyces, leaves and stems) and between

the anthocyanins and non-anthocyanins flavonoids.

2. Materials and Methods
2.1. Study system and experimental design

Silene littorea i1s an annual plant that inhabits foredune habitats from the northwestern
to the southeastern Iberian Peninsula (Casimiro-Soriguer et al., 2016). Populations of this
species share similar soil properties and vegetation composition, but are exposed to
heterogeneous climatic factors (temperature, precipitation, solar radiation) along the
latitudinal gradient where it grows (Del Valle et al., 2015). Previous HPLC-DAD-MS"
analyses using the conditions described in Alcalde-Eon et al. (2013 and 2016) showed that
flavonoid profiles of S. littorea are composed by anthocyanins (cyanidin derivatives) in both
reproductive and vegetative tissues and flavones (isovitexin derivatives in petals and
i1soorientin derivatives in calyces, leaves and stems; Del Valle J.C. and Alcalde-Eon C., unp.
results).

Seeds were obtained from previous crosses performed at the University Pablo de
Olavide greenhouse using nine maternal families of each population [Furnas (42° 38' 15" N,
9°2'21" W) and Barra (42° 15' 35" N, 8° 50' 25" W; located 40 km south of Furnas)] (Buide

et al., 2018). In addition, seeds from six maternal families from the Sines population (37° 55'
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17" N, 8°48' 17" W; located 480 km southern Barra) were also used. These seeds were
germinated and grown in autumn of 2013 following the procedure described in Buide et al.
(2018). The surviving seedlings were planted in pots filled with approximately 2.5 L of an
equal mixture of standard substrate (80-90% organic material, pH = 6.5) and beach sand.
Before blooming (February 2014), pots were transferred into the experimental garden outside
the greenhouse and assigned to shade (a bench covered with a nylon shade black cloth that
reduced about 95% solar radiation) and natural sunlight (hereafter sun treatment; an
uncovered bench with plants exposed to natural solar radiation) treatments. Shading
experiment produces a reduction of xx% and XX% of UVA/B radiation and total transmitted
sunlight, respectively. To control the influence of maternal family, half-siblings were equally
assigned to each light environment. In total, data were obtained for 84 plants in sun and 51 in
shade treatments from a total of 24 maternal families (Table S1). The mean photosynthetic
photon flux throughout the experiment ranged from 15.86 to 36.10 pmol m™ s for the shade
treatment and 205 to 1011.5 pmol m™ s™ for the sun exposure treatment. Light measurements
were collected three times per day (0900, 1200 and 1500) at the start, middle, and the end of

the experiment.

2.2. Flavonoids quantification

At the end of the flowering period (end of May 2014), flavonoids present in petals,
calyces, leaves and stems were quantified using a Multiskan GO microplate
spectrophotometer (Thermo Fisher Scientific Inc., MA, USA). For each plant, samples of
petal, calyx (four petals and the calyx of the same flower), leaf (collected from the middle
region of the stem) and stem (1 cm length section) were selected. All samples were collected

the same day (from ?:00 to ?:00h) and were preserved in 1 ml of CH;OH:H,O (v 70:30)
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containing 1% HCI and stored at -20° C in the dark. We followed the procedure described in
Del Valle et al. (2015) for the flavonoid extractions. Anthocyanin and flavone concentrations
were estimated as Asyg and Asso, respectively; in photosynthetic organs, anthocyanin
concentration was corrected as Asyo — (0.24 % Ags3) to compensate for the small overlap
absorption by chlorophyll (Del Valle et al., 2015). Anthocyanins and flavones were quantified
using five-point calibration curves of cyanidin-3-glucoside chloride and isovitexin and
1soorientin standards (Sigma-Aldrich, Steinheim, Germany) and expressed as cyanidin-3-
glucoside, isovitexin and isoorientin equivalents in fresh weight, respectively.

Three replicates of 200 uL. were measured for each plant tissue sampled from the 135
plants used in the common garden experiment. The accuracy of flavonoid concentrations
estimated spectrometrically was verified through HPLC-DAD-MS" detection of anthocyanins
and flavones in petals of 21 individuals (> 0.99, P < 0.0001 and » > 0.84, P < 0.001,

respectively; Del Valle J.C. and Alcalde-Eon C., unp. results).

2.3. Statistical analysis

Generalized linear mixed models (GLMMs) with Gaussian link functions were used to
test the effect of light treatment (sun and shade) on the accumulation of anthocyanins and
flavones in each plant tissue, considering treatment and population as fixed factors and
maternal family as a random factor. Pairwise comparisons between light treatments were
carried out using the “multcomp” R-package with Bonferroni adjustment (Hothorn et al.,
2008). Flavonoid concentrations were log-transformed prior to conduct the GLMMs analysis.
The relationship between the concentrations of anthocyanins and flavones in each plant organ

was assessed with Pearson correlations.
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A univariate analysis of variance (ANOVA) was carried out with maternal family as a
random factor (G), environment (E) (in this study, sun and shade treatments) as a fixed factor,
and the interaction of maternal and environment factors (GxXE). For both anthocyanins and
flavones concentrations, we estimated the components of phenotypic variance (V)
corresponding to genotype (Vg), environment (Vi) and interaction (Vgxg). According to
Vogler et al. (1999), the genetic determination (V) was estimated as the variance of maternal
family divided by total corrected variance. Similarly, the environmental plasticity (Vi) was
calculated as the ratio of phenotypic variance explained by changes in the environment over
the total corrected variance. The heritable component of plasticity (Vgxe) was obtained by
dividing the variance of the interaction of genotype and environment factors by the total
corrected variance. Anthocyanin and flavone concentrations were log transformed to improve
normality prior to conducting the ANOVA analyses. We also used least square means of
phenotypic responses of a given genotype along the light environments for graphically
representing the reaction norms (Schlichting and Pigliucci, 1998).

To compare the phenotypic plasticity among flavonoid types and tissues, the
simplified relative distance plasticity index (RDPI;) was used (Valladares et al. 2006). This

index can be obtained as:
RDPI, = " (dij = 1)/ Ceyr + x1) [

where (d;; = i'j")/(x;:+ + x;;)) 1is the relative distances for the maternal families
ij J) i'j ij

exposed to shade and sun environments, and n is the total number of distances. The mean
phenotypic values for sibs of each maternal family in each light treatment, i.e. replicates, were
considered (Valladares et al., 2006). RDPI; values span from 0 (no plasticity) to 1 (maximal

plasticity), which allows for statistical comparisons of phenotypic plasticity among flavonoid
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types (anthocyanins and flavones), plant tissues and populations. These differences were
tested using ANOVA analyses with Student’s t tests for post hoc RDPI;’s comparisons.
Estimates of components of variance, ANOVAs and Student’s t tests were carried out
in SPSS v. 22.0 (Armonk, NY, IBM Corp.). Least square means and GLMMs analyses were
performed in R v3.4.0 (R Core Team, 2017) using the R libraries “Ismeans” and “Ime4”,

respectively (Bates et al., 2015; Lenth, 2016).

3. Results
3.1. Effects of light environments in the flavonoid production

In general, petal anthocyanin concentration was at least five times higher than in the
photosynthetic plant tissues, particularly in the leaves where the quantities were very low
(Fig. 2). In petals, plants from both light treatments showed no statistical differences in the
accumulation of anthocyanins (Table 1). However, in the rest of tissues, plants in the sun had
between 5 and 35 times more anthocyanins than those in the shade; these differences were
especially noticeable in calyces and stems (Fig. 2). Plant tissues showed no significant
differences in the accumulation of anthocyanins among populations, except in the stems
which showed higher overall levels in Furnas (Table 1).

The flavone concentrations were at least five times higher than those of anthocyanins
across all tissue types (Fig. 2). Similar to the anthocyanins, the concentration of flavones in
the petals was approximately four times higher than flavones in the photosynthetic plant
tissues. Plants in the sun displayed significant higher concentrations of flavones in all plant
tissues compared to plants of the shade treatment (Table 1). Plants tissues showed significant

differences in the accumulation of flavones among populations in the petals and calyces.
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Within each population, the production of anthocyanins and flavones in each plant was
positively correlated in calyces (» > 0.50, P =0.011), leaves (» > 0.50, P =0.003) and stems (»
>0.78, P <0.001; Table S2). In petals, the correlation was not significant, except for plants

from Sines population (» > 0.67, P <0.001; Table S2).

3.2. Components of phenotypic variance and reaction norms

Neither genotype (G), nor light environment (E) showed a significant effect on petal
anthocyanin accumulation (Table 2). The norms of reaction between light treatments show no
consistent pattern (Fig. 3A). In contrast, there was a significant environmental effect in all
photosynthetic tissues; reaction norms generally exhibited lines with decreasing slopes from
the sun to the shade environments (Fig. 3C, E, G). There is a moderate-high proportion of
phenotypic variance explained by the light treatments (Vg ranges from 0.23 in leaves to 0.42
in calyces). In calyces, norms of reaction converge at one point in the shade. Anthocyanins in
stems also varied significantly among genotypes, but had a low-moderate contribution to the
total phenotypic variance (Vg = 0.19). In leaves, anthocyanins showed significant GXE
interaction, having a low-moderate contribution to the total phenotypic variance (Vgxe =
0.16); this is explained by the lines with little or even positive slopes of connected genotypes
from Barra (Fig. 3E).

Flavones present in all tissues were significantly influenced by the light environment,
having a moderate-high contribution to the total phenotypic variance (Vg ranged from 0.27 in
stems to 0.37 in leaves; Table 2). In general, reaction norms of flavone production showed
lines with decreasing slopes from sun to shade environments (Fig. 3B, D, F, H). In petals and

calyces, the presence of flavones also varied significantly among genotypes, with a moderate



256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

Vg in petals and calyces (Vg = 0.23 and 0.18, respectively); thus, parallel slopes were found

in most genotypes. Finally, there was also a significant GXE effect in stems (Vgxe = 0.20).

3.3. Levels of plasticity among tissues, populations and flavonoid types

RDPI; values varied significantly among tissues and flavonoid types, but no
significant differences were detected among populations (Tables 3 and S3). The production of
anthocyanins was much more plastic than those of flavones in calyces (among-population
mean; 0.92 vs 0.40), leaves (0.63 vs 0.42) and stems (0.70 vs 0.37); however, both types of
flavonoids showed similarly low RDPI; values in petals (0.14 vs 0.19; Fig. 4). These
heterogeneous differences in anthocyanins vs flavones plasticity among all tissues is

demonstrated by the significant tissue x flavonoid types interaction (Table 3).

4. Discussion

Our results add new insights into the degree of phenotypic plasticity across tissues for
the flavonoid production in Silene littorea under different light conditions, being petals less
plastic than photosynthetic tissues. In addition, anthocyanins and flavones showed different
degrees of plasticity: flavones displayed approximately half the degree of phenotypic
plasticity compared to anthocyanins in photosynthetic tissues, but not for petals. These results
agree with the current understanding of tissue-specific flavonoid gene regulation that allows
distinct function of flavonoids in different plant parts.

We have found that the synthesis of anthocyanins and flavones in calyxes, leaves and
stems of S. [littorea is highly plastic. In general, the environmental effects of light exposure
explained most of the phenotypic plasticity found in this species. Little genetic variation for

flavonoid production was discovered (V). Although we sometimes found genotypes whose
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reaction norms intersected, the genotype-by-environment interaction (Vgyxg) was usually not
significant. That is, there were mostly only small differences among genotypes in their
response to the differing light environments. Our findings contrast with the results of
anthocyanin accumulation in inflorescences of Plantago lanceolata at different temperature
conditions, in which anthocyanin plasticity is at least partially genetically controlled (Lacey
and Herr, 2005; 2007; Lacey et al., 2010). In the same way, the anthocyanin production in
purple basil (Ocimum basilicum) 1s mostly genetic and favors the specialization for high light
environments (Tattini et al., 2014). In nature, plants of S. /itforea that are exposed to highly
variable light conditions, both within- and among-populations. Specifically, plants can be
found in habitats ranging from completely exposed sand dunes to the margins of nearly closed
canopy coastal pine forest and understory shrubs. Furthermore, there is an increase of 31% in
solar irradiance among populations at either end of the latitudinal gradient stretching the
length of the Iberian Peninsula (Del Valle et al., 2015). In this scenario, high plasticity in the
synthesis of light-induced flavonoids would be advantageous (Lande, 2009; Nicotra et al.,
2010), allowing plants respond rapidly to changes in light availability.

Anthocyanin concentration in petals was not significantly affected by light
environment. Thus, the plasticity level of anthocyanins in this tissue was low. However, the
low anthocyanin plasticity in petals was not paralleled in photosynthetic tissues, being RDPI;
from petals about one-fifth that of photosynthetic tissues. This may reflect some evolutionary
constrains given that changes in anthocyanin contents might directly or indirectly influence
the pollinator activity and affect plant fitness (Gomez, 2000; Schiestl and Johnson, 2013;
Sletvold et al., 2016). Less plasticity in floral with respect to vegetative traits has been
demonstrated in Dalechampia scandens in response to environmental variation, and assumed

to support the Berg hypothesis, which proposes a decoupling and canalization of specialized



304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

floral structures (Pélabon et al., 2011). In Petunia hybrida, plants can determine the level of
anthocyanin pigmentation through activation complexes, the R2R3-MYB transcription factors,
that differentially regulate anthocyanin production in petals and photosynthetic tissues (Albert
etal., 2011; 2014). In a previous study with S. /ittorea, Casimiro-Soriguer et al. (2016)
suggested that members of the same transcription factor family are responsible of the loss of
pigmentation in petals of white-flowered plants, which lack anthocyanins in petals but not in
the rest of the plant. In addition, MYB transcription factors were also involved in regulation of
anthocyanin synthesis in response to UV radiation (Del Valle, 2018). A tissue-specific
regulation of the anthocyanin production must grant S. litforea the ability to maintain their
floral traits without hindering the plastic response of anthocyanin production in calyces,
leaves and stems. Recently, it is suggested that anthocyanins may play similar photoprotective
functions than the previously posted to flavonols or flavones (Silva et al., 2016). In addition,
transient anthocyanin production may provide diverse protective roles in different
photosynthetic tissues (Kovinich et al., 2014).

We have found positive relationships between concentrations of flavones and
anthocyanins in calyces, leaves and stems. These results are in concert with our previous
findings, in which we suggested that the synthesis of both flavonoids were correlated, at least
in calyces (Del Valle et al., 2015). Because of the molecular structure, flavones absorb
maximally in the UV band, whereas anthocyanins absorb in the UV and green band of the
visible light (Giusti and Wrolstad, 2001; Lin and Harnly 2007). In addition, both types of
molecules possess important antioxidant properties, protecting leaves from oxidative stress
(Landi et al., 2015; Jiang et al., 2016; Silva et al., 2016). Thus, the coordinated plastic
response of anthocyanins and flavones may provide protection to excess solar radiation in the

UV and green regions of the visible spectrum. On the other hand, flavones showed around
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half the plasticity levels than anthocyanins. These results provide more evidences of the
metabolic plasticity within the flavonoid biosynthetic pathway, where anthocyanins are the
last step and flavones are produced in mid-pathway secondary branches (Mouradov and
Spangenberg, 2014; Tattini et al., 2014). In this regard, studies on Arabidopsis have
demonstrated that flavonol and anthocyanin biosynthesis are independently regulated through
specific MYB factors (Mehrtens et al., 2005; Stracke et al., 2007). Thus, the fact that different
transcriptional factors are involved in the light-induced regulation of the synthesis of
anthocyanins and flavones (Xu et al., 2015), may allow the coordinate response with different
plasticity levels of both flavonoid groups found in S. /ittorea.

Flavone concentrations were always at least five times higher than that of
anthocyanins, even in the shade treatment. In other words, the flavones are produced
constitutively in both treatments in photosynthetic and non-photosynthetic tissues, which may
suggest that flavones are also playing other non-photoprotective functions in S. /ittorea.
Species of Silene, including S. littorea, frequently interact with seed predators, fungal
pathogens, larval parasitoids and different herbivores, such as snails and grasshoppers (Prieto-
Benitez et al., 2017; Buide, unp. data); thus, the presence of flavones might confer protection
against these biotic agents (Jiang et al., 2016). Furthermore, levels of flavones in petals of S.
littorea are higher than in calyces, leaves and stems. Flavones could act as copigments in
petals, increasing color intensity and stability of anthocyanins, as is found in petals of Iris
ensata (Yabuya et al., 1997). In addition, flavones may help the maintenance of epidermal
cells; the absence of glicosilated isovitexin in mutant lines of Silene latifolia produce collapse

of epidermal cells which originated plants with curled petals (van Brederode et al., 1982).

5. Conclusions
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Although the synthesis of stress-induced flavonoids has been a research interest for
many years, this study is the first to assess the plasticity in the synthesis of both anthocyanins
and flavones in different plant tissues. Thus, we have found that production of anthocyanins
and flavones is mainly a plastic response in photosynthetically active tissues of S. littorea,
although this plasticity differs among plant tissues. Furthermore, we have found a higher
plasticity in anthocyanins than in flavones. The increase of concentrations of both flavonoids
when exposed to sun agrees with the photoprotective functions associated to these
compounds, although the higher levels in both sun and shade in the case of flavones indicate
that they could be playing other protective functions (Di Ferdinando et al., 2014; Landi et al.,
2015). Because of the distribution range and habitat, Silene littorea and other species of
Mediterranean Basin are exposed to a high spatio-temporal heterogeneity in environmental
conditions (Del Valle et al., 2015; Narbona et al., 2018). Variable plasticity between
flavonoid types in petals and photosynthetic tissues may allow S. litforea to difterentially
respond to selective pressures of pollinators and other biotic agents and changing light

environments.

Acknowledgments

We thank to A. Cardoso and A. Prado for their valuable help at the greenhouse and to
F. Valladares for kindly lend us the radiometer for solar irradiance measurements. We
particularly thank the anonymous referees for their helpful comments. This work was
supported by the Spanish Government MINECO projects (CGL2012-37646 and CGL2015-

63827-P) and a Predoctoral Training Program grant to JCD (BES-2013-062610).



376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

Authors’ contributions
EN and MB conceived the ideas and designed the experiment; JCD collected and
analyzed the data; JCD, EN, JBW and MB wrote the article. All authors contributed critically

to the drafts and gave final approval for publication.

References

Albert, N.W., Lewis, D.H., Zhang, H., Schwinn, K.E., Jameson, P.E., Davies, K.M., 2011.
Members of an R2R3-MYB transcription factor family in Petunia are developmentally
and environmentally regulated to control complex floral and vegetative pigmentation
patterning. Plant J. 65, 771-784. doi:10.1111/j.1365-313X.2010.04465.x

Albert, N.W., Davies, K.M., Lewis, D.H., Zhang, H.B., Montefiori, M., Brendolise, C.,
Boase, M.R., Ngo, H., Jameson, P.E., Schwinn, K.E., 2014. A conserved network of
transcriptional activators and repressors regulates anthocyanin pigmentation in eudicots.
Plant Cell 26, 962—-980. doi:10.1105/tpc.113.122069

Atkin, O.K., Loveys, B.R., Atkinson, L.J., Pons, T.L., 2006. Phenotypic plasticity and growth
temperature: understanding interspecific variability. J. Exp. Bot. 57, 267-281.
doi:10.1093/jxb/erj029

Bates, D., Michler, M., Bolker, B., Walker, S., 2015. Fitting linear mixed-effects models
using Ime4. J. Stat. Softw. 67, 1-48. doi:10.18637/jss5.v067.101

Buide, M.L., Del Valle, J.C., Castilla, A.R., Narbona, E., 2018. Sex expression variation in
response to shade in gynodioecious-gynomonoecious species: Silene littorea decreases
flower production and increases female flower proportion. Environ. Exp. Bot. 146, 54-
6l.

Casimiro-Soriguer, 1., Narbona, E., Buide, M.L., Del Valle, J.C., Whittall, J.B., 2016.



400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

Transcriptome and biochemical analysis of a flower color polymorphism in Silene
littorea (Caryophyllaceae). Front. Plant Sci. 7, 204. doi:10.3389/1pls.2016.00204

Castagna, A., Csepregi, K., Neugart, S., Zipoli, G., Vecetova, K., Jakab, G., Jug, T., Llorens,
L., Martinez-Abaigar, J., Martinez-Liischer, J., Nufiez-Olivera, E., Ranieri, A., Schoedl-
Hummel, K., Schreiner, M., Teszlak, P., Tittmann, S., Urban, O., Verdaguer, D., Jansen,
M.A.K., Hideg, E., 2017. Environmental plasticity of Pinot noir grapevine leaves; a
trans-European study of morphological and biochemical changes along a 1500 km
latitudinal climatic gradient. Plant. Cell Environ. 40, 2790-2805. doi:10.1111/pce.13054

Crozier, A., Clifford, M.N., Ashihara, H., 2006. Plant secondary metabolites: ocurrence,
structure and role in the human diet. Blackwell Publishing Ltd, Oxford.
doi:10.1002/anie.200685491

de Kroon, H., Huber, H., Stuefer, J.F., van Groenendael, J.M., 2005. A modular concept of
phenotypic plasticity in plants. New Phytol. 166, 73—82. doi:10.1111/}.1469-
8137.2004.01310.x

Del Valle, J.C., Buide, M.L., Casimiro-Soriguer, 1., Whittall, J.B., Narbona, E., 2015. On
flavonoid accumulation in different plant parts: variation patterns among individuals and
populations in the shore campion (Silene littorea). Front. Plant Sci. 6, 939.
doi:10.3389/fpls.2015.00939

Del Valle, J.C. 2018. Ecological significance of flavonoid accumulation in reproductive and
vegetative tissues of Silene littorea (Caryophyllaceae). PhD Thesis. Pablo de Olavide
University, Seville.

Di Ferdinando, M., Brunetti, C., Agati, G., Tattini, M., 2014. Multiple functions of
polyphenols in plants inhabiting unfavorable Mediterranean areas. Environ. Exp. Bot.

103, 107-116. doi:10.1016/j.envexpbot.2013.09.012



424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

Gomez, J.M., 2000. Phenotypic selection and response to selection in Lobularia maritima:
importance of direct and correlational components of natural selection. J. Evol. Biol. 13,
689—699. doi:10.1046/1.1420-9101.2000.00196.x

Giusti, M.M., Wrolstad, R.E. 2001. Characterization and measurement of anthocyanins by
UV-visible spectroscopy. In: Wrolstad, R.E. (Ed.), Current protocols in food analytical
chemistry. John Wiley & Sons, New York, pp 1-13.

Herrera, C.M., 2009. Multiplicity in unity: plant subindividual variation and interactions with
animals. University of Chicago Press, Chicago, IL.

Hothorn, T., Bretz, F., Westfall, P., 2008. Simultaneous inference in general parametric
models. Biometrical J. 50, 346-363. doi:10.1002/bim;.200810425

Jaakola, L., Hohtola, A., 2010. Effect of latitude on flavonoid biosynthesis in plants. Plant,
Cell Environ. 33, 1239-1247. doi:10.1111/1.1365-3040.2010.02154.x

Jaakola, L., Méittia-Riihinen, K., Kidrenlampi, S., Hohtola, A., 2004. Activation of flavonoid
biosynthesis by solar radiation in bilberry (Vaccinium myrtillus L.) leaves. Planta 218,
721-728. doi:10.1007/s00425-003-1161-x

Jiang, N., Doseff, A., Grotewold, E., 2016. Flavones: from biosynthesis to health benefits.
Plants 5. doi:10.3390/plants5020027

Koski, M.H., Ashman, T.-L., 2013. Quantitative variation, heritability, and trait correlations
for ultraviolet floral traits in Argentina anserina (Rosaceae): implications for floral
evolution. Int. J. Plant Sci. 174, 1109-1120. doi:10.1086/671803

Kovinich, N., Kayanja, G., Chanoca, A., Riedl, K., Otegui, M.S., Grotewold, E., 2014. Not all
anthocyanins are born equal: distinct patterns induced by stress in Arabidopsis. Planta
240, 931-940. doi:10.1007/s00425-014-2079-1

Lacey, E.P., Herr, D., 2005. Phenotypic plasticity, parental effects, and parental care in



448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

plants? I. An examination of spike reflectance in Plantago lanceolata (Plantaginaceae).
Am. J. Bot. 92, 920-930. doi:10.3732/ajb.92.6.920

Lacey, E.P., Lovin, M.E., Richter, S.J., Herington, D.A., 2010. Floral reflectance, color, and
thermoregulation: what really explains geographic variation in thermal acclimation
ability of ectotherms? Am. Nat. 175, 335-349. doi:10.1086/650442

Lande, R., 2009. Adaptation to an extraordinary environment by evolution of phenotypic
plasticity and genetic assimilation. J. Evol. Biol. 22, 1435-1446. doi:10.1111/;.1420-
9101.2009.01754.x

Landi, M., Tattini, M., Gould, K.S., 2015. Multiple functional roles of anthocyanins in plant-
environment interactions. Environ. Exp. Bot. 119, 4-17.
doi:10.1016/j.envexpbot.2015.05.012

Lenth, R.V, 2016. Least-squares means: the R package Ismeans. J. Stat. Softw. 69, 1-33.
doi:10.18637/js5.v069.101

Lin, L.Z., Harnly, J.M. 2007. A screening method for the identification of glycosylated
flavonoids and other phenolic compounds using a standard analytical approach for all
plant materials. J. Agri. Food Chem. 55, 1084—-1096. doi: 10.1021/jf062431s

Linhart, Y.B., Grant, M.C., 1996. Evolutionary significance of local genetic differentiation in
plants. Annu. Rev. Ecol. Evol. Syst. 27, 237-277. doi:
10.1146/annurev.s0c.29.010202.100030

Matesanz, S., Valladares, F., 2014. Ecological and evolutionary responses of Mediterranean
plants to global change. Environ. Exp. Bot. 103, 53—67. doi:
10.1016/j.envexpbot.2013.09.004

Matos, F.S., Wolfgramm, R., Gongalves, F. V., Cavatte, P.C., Ventrella, M.C., DaMatta,

F.M., 2009. Phenotypic plasticity in response to light in the coffee tree. Environ. Exp.



472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

Bot. 67,421-427. doi:10.1016/j.envexpbot.2009.06.018

Mehrtens, F., Kranz, H., Bednarek, P., Weisshaar, B., 2005. The Arabidopsis transcription
factor MYBI12 is a flavonol-specific regulator of phenylpropanoid biosynthesis. Plant
Physiol. 138, 1083—-1096. doi: 10.1104/pp.104.058032

Metlen, K.L., Aschehoug, E.T., Callaway, R.M., 2009. Plant behavioural ecology: dynamic
plasticity in secondary metabolites. Plant, Cell Environ. 32, 641-653.
doi:10.1111/j.1365-3040.2008.01910.x

Mouradov, A., Spangenberg, G., 2014. Flavonoids: a metabolic network mediating plants
adaptation to their real estate. Front. Plant Sci. 5, 1-16. doi:10.3389/fpls.2014.00620

Murren, C.J., Auld, J.R., Callahan, H., Ghalambor, C.K., Handelsman, C.A., Heskel, M.A.,
Kingsolver, J.G., Maclean, H.J., Masel, J., Maughan, H., Pfennig, D.W., Relyea, R.A.,
Seiter, S., Snell-Rood, E., Steiner, U.K., Schlichting, C.D., 2015. Constraints on the
evolution of phenotypic plasticity: limits and costs of phenotype and plasticity. Heredity
115,293-301. doi:10.1038/hdy.2015.8

Narbona, E., Wang, H., Ortiz, P.L., Arista, M., Imbert, E., 2018. Flower colour polymorphism
in the Mediterranean Basin: occurrence, maintenance and implications for speciation.
Plant Biol. 20, 8-20. doi:10.1111/plb.12575

Nicotra, A.B., Atkin, O.K., Bonser, S.P., Davidson, A.M., Finnegan, E.J., Mathesius, U.,
Poot, P., Purugganan, M.D., Richards, C.L., Valladares, F., van Kleunen, M., 2010. Plant
phenotypic plasticity in a changing climate. Trends Plant Sci. 15, 684—692.
doi:10.1016/j.tplants.2010.09.008

Nilson, S.E., Assmann, S.M., 2010. Heterotrimeric G proteins regulate reproductive trait
plasticity in response to water availability. New Phytol. 185, 734-746.

doi:10.1111/5.1469-8137.2009.03120.x



496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

Pélabon, C., Armbruster, W.S., Hansen, T.F., 2011. Experimental evidence for the Berg
hypothesis: vegetative traits are more sensitive than pollination traits to environmental
variation. Funct. Ecol. 25, 247-257. doi:10.1111/.1365-2435.2010.01770.x

Pigliucci, M., 2005. Evolution of phenotypic plasticity: where are we going now? Trends
Ecol. Evol. 20, 481-486. doi:10.1016/j.tree.2005.06.001

Pollastri, S., Tattini, M., 2011. Flavonols: old compounds for old roles. Ann. Bot. 108, 1225—
1233. doi:10.1093/aob/mcr234

Prieto-Benitez, S., Yela, J.L., Giménez-Benavides, L., 2017. Ten years of progress in the
study of Hadena-Caryophyllaceae nursery pollination. A review in light of new
Mediterranean data. Flora 232, 63—72. doi:10.1016/j.flora.2017.02.004

R Core Team, 2017. R: a language and environment for statistical computing.

Schaefer, H.M., Ruxton, G.G., 2011. Plant-animal communication. Oxford University Press,
New York, NY.

Schiestl, F.P., Johnson, S.D., 2013. Pollinator-mediated evolution of floral signals. Trends
Ecol. Evol. 28, 307-315. doi:10.1016/j.tree.2013.01.019

Schlichting, C.D., Pigliucci, M., 1998. Phenotypic evolution: a reaction norm perspective.
Sinauer Associates Incorporated, Sunderland, MA.

Silva, V.O., Freitas, A.A., Maganita, A.L., Quina, F.H., 2016. Chemistry and photochemistry
of natural plant pigments: the anthocyanins. J. Phys. Org. Chem. 29, 594-599.
doi:10.1002/poc.3534

Sletvold, N., Trunschke, J., Smit, M., Verbeek, J., Agren, J., 2016. Strong pollinator-mediated
selection for increased flower brightness and contrast in a deceptive orchid. Evolution
70, 716—724. doi:10.1111/evo.12881

Smith, H., 1990. Signal perception, differential expression within multigene families and the



520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

molecular basis of phenotypic plasticity. Plant. Cell Environ. 13, 585-594.
doi:10.1111/5.1365-3040.1990.tb01077.x

Steyn, W.J., Wand, S.J.E., Holcroft, D.M., Jacobs, G., 2002. Anthocyanins in vegetative
tissues! |: a proposed unified function in photoprotection. New Phytol. 155, 349-361.
doi:10.1046/j.1469-8137.2002.00482.x

Stracke R., Ishihara H., Huep G., Barsch A., Mehrtens F., Niehaus K., Weisshaar B., 2007.
Differential regulation of closely related R2R3-MYB transcription factors controls
flavonol accumulation in different parts of the Arabidopsis thaliana seedling. Plant J. 50,
660—677.

Sultan, S.E., 2000. Phenotypic plasticity for plant development, function and life history.
Trends Plant Sci. 5, 537-542. doi:10.1016/S1360-1385(00)01797-0

Sultan, S.E., Bazzaz, F.A., 1993. Phenotypic plasticity in Polygonum persicaria. 11. Norms of
reaction to soil moisture and the maintenance of genetic diversity. Evolution 47, 1009—
1031. doi:10.2307/2409972

Tanaka, Y., Sasaki, N., Ohmiya, A., 2008. Biosynthesis of plant pigments: anthocyanins,
betalains and carotenoids. Plant J. 54, 733-749. doi:10.1111/5.1365-313X.2008.03447 .x

Tattini, M., Landi, M., Brunetti, C., Giordano, C., Remorini, D., Gould, K.S., Guidi, L., 2014.
Epidermal coumaroyl anthocyanins protect sweet basil against excess light stress:
multiple consequences of light attenuation. Physiol. Plant. 152, 585-598.
doi:10.1111/ppl.12201

Treutter, D., 2006. Significance of flavonoids in plant resistance: a review. Environ. Chem.
Lett. 4, 147-157. do0i:10.1007/s10311-006-0068-8

Valladares, F., Gialoni, E., Gémez, .M., 2007. Ecological limits to plant phenotypic

plasticity. New Phytol. 176, 749—763. doi:10.1111/;.1469-8137.2007.02275.x



544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

Valladares, F., Niinemets, U., 2008. Shade tolerance, a key plant feature of complex nature
and consequences. Annu. Rev. Ecol. Evol. Syst. 39, 237-257.
doi:10.1146/annurev.ecolsys.39.110707.173506

Valladares, F., Sanchez-Gomez, D., Zavala, M.A., 2006. Quantitative estimation of
phenotypic plasticity: bridging the gap between the evolutionary concept and its
ecological applications. J. Ecol. 94, 1103-1116. do1:10.1111/5.1365-2745.2006.01176.x

van Brederode, J., van Genderen, H.H., Berendsen, W., 1982. Morphological effects of the
flavone isovitexin in a non-glycosylating genotype of Silene pratensis
(Caryophyllaceae). Experientia 38, 929-931. doi:10.1007/BF01953658

Vogler, D.W., Peretz, S., Stephenson, A.G., 1999. Floral plasticity in an iteroparous plant: the
interactive effects of genotype, environment, and ontogeny in Campanula rapunculoides
(Campanulaceae) 86, 482—494.

Xu, W., Dubos, C., Lepiniec, L., 2015. Transcriptional control of flavonoid biosynthesis by
MYB-bHLH-WDR complexes. Trends Plant Sci. 20, 176-185.

Yabuya, T., Nakamura, M., Iwashina, T., Yamaguchi, M., Takehara, T., 1997. Anthocyanin-
flavone copigmentation in bluish purple flowers of Japanese garden iris (Iris ensata

Thunb.). Euphytica 98, 163—-167. do1:10.1023/A:1003152813333



Table 1. Results from GLMMs testing the effect of light treatment, population and their
interaction on the production of anthocyanins and flavones in each plant tissue. The interaction

term is shown only when significant after model reduction applied to GLMMs.

Anthocyanins
Source of variation SS Numerator Denominator F P
d.f. d.f.
Petals
Treatment 0.34 1 111.28 2.13 0.15
Population 0.12 2 25.71 0.36 0.70
Calyces
Treatment 16.92 1 113.00 132.08 <0.001
Population  0.32 2 113.00 1.24 0.29
Treatment x Population  0.83 2 113.00 3.22 0.04
Leaves
Treatment 1.31 1 109.51 75.17  <0.001
Population  0.01 2 19.45 0.25 0.78
Treatment x Population  0.12 2 107.11 3.52 0.03
Stems
Treatment 19.08 1 110.58 151.13  <0.001

Population  3.41 2 17.02 13.52 <0.001




Flavones

Source of variation  S.S. Numerator Denominator F P
d.f. d.f.

Petals

Treatment 3.84 1 107.27 147.05 <0.001

Population 0.19 2 22.09 3.72 0.04
Calyces

Treatment 15.42 1 102.70 98.30  <0.001

Population  1.57 2 18.46 5.00 0.02
Leaves

Treatment 20.51 1 111.48 189.27 <0.001

Population  0.18 2 17.88 0.85 0.44
Stems

Treatment 13.15 1 106.14 88.26  <0.001

Population  0.95 2 9.88 3.20 0.09
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Table 2. Variance partitioning of flavonoid concentrations in petals, calyces, leaves and stems of S. /ittorea plants. The

analysis is an ANOVA with maternal genotype (G) as a random factor, environment (E) (sun or shade) as a fixed

factor, and interaction (GxE). In bold is highlighted the significant phenotypic variation (Vp) components (P < 0.05).

Anthocyanins Flavones
Tissue Factor S.S. df.  M.S. P Vp S.S.  df M.S. P Vp
Petals G 8.54 23 0.37 0.110 0.27 226 23 0.10 0.004  0.23
E 0.26 1 0.26 0.285 0.01 3.16 1 3.16 <0.001 0.32
GxE 4.43 20 0.22 0.358 0.14 0.64 21 0.03 0.286  0.07
Calyces G 2.08 23 0.09 0.664 0.05 8.64 23 0.38 0.002 0.18
E 16.11 1 16.11 <0.001 0.42 14.45 1 14.45 <0.001 0.29
GxE 2.16 19 0.11 0.808 0.06 2.19 21 0.10 0.956 0.04
Leaves G 0.47 23 0.02 0.874 0.12 3.93 23 0.17 0.456  0.09
E 0.94 1 094 <0.001 0.23 15.73 1 15.73 <0.001 0.37
GxE 0.67 20 0.03 0.017 0.16 3.28 20 0.16 0.157 0.08
Stems G 42.88 23 1.87 0.004  0.19 1271 23 0.55 0413 0.24
E 73.13 1 73.13  <0.001 0.32 14.46 1 14.46 <0.001 0.27
GxE 10.79 20 0.54 0.941 0.05 10.62 21 0.51 0.003  0.20

S.S., sum of squares; d.f., degree of freedom; M.S., mean square.
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Table 3. ANOVA for simplified relative distance plasticity index

(RDPI;) values of anthocyanins and flavones production in S. /itforea

plants among flavonoid types, tissues and populations.

Source of variation S.S. d.f. F P
Intercept 30.048 1 1124.864 < 0.001
Flavonoid 2.369 1 88.676 <0.000
Tissue 5.273 3 65.796 <0.001
Population 0.047 2 0.876 0.419
Flavonoid x tissue 1.547 3 19.306 <0.001
Flavonoid x population 0.012 2 0.230 0.794
Tissue x population 0.311 6 1.940 0.079
Flavonoid x tissue x population ~ 0.325 6 2.029 0.066
Error 3.633 136
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Figures captions

Fig. 1. Details of plants exposed to sun (A, C, D) and shade (B, E, F) treatments. C and E
showed photographs of surface of the calyx ribs using stereo microscope. D and F showed
photographs of cross section of leaf margin using microscope. Bar, 5 mm (A, B), 0.1 mm (E),
0.5 nm (C) and 0.2 nm (D, F).

Fig. 2. Comparisons of the concentrations of anthocyanins and flavones between the sun
(white bars) and shade (grey bars) treatments in four plant tissues. Means and standard
errors are presented. For plants from each population, results of pairwise comparisons of
flavonoid concentrations between light treatments are shown when significant differences
between treatments were detected using GLMMs (see Table 1). FW, fresh weight; **, P <
0.01; *** P <0.001.

Fig. 3. Reaction norms diagrams for anthocyanin (left column) and flavones (right
column) present in four plant tissues in the sun and shade environments. Four functional
subunits are depicted: petals (A, B), calyces (C, D), leaves (E, F) and stems (G, H). Triangles
and green lines represent data from Sines location, circles and blue lines represent data from
Barra location, and squares and red lines represent data from Furnas location. Data are least
squares means; error bars represent = SE.

Fig. 4. Differences in the simplified relative distance plasticity index (RDPI) values
between anthocyanins (white bars) and flavones (grey bars) in four plant tissues.
Among-population means and standard errors are presented. Results of Student t test
comparing RDPI; values of both flavonoids types in each tissue are shown; ns, not significant;

** P <0.01; *** P<0.001.
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Table S1. Number of plants for each maternal family,

population and light environment (sun and shade).

Population Maternal Environment
family Sun Shade
Sines 1 6 3
2 1 2
3 5 6
4 3 0
5 3 1
6 4 1
Barra 7 3 1
8 2 1
9 4 2
10 2 2
11 2 2
12 4 2
13 4 3
14 8 4
15 4 2
Furnas 16 2 2
17 2 2
18 6 3
19 3 2
20 1 1
21 1 1
22 8 4
23 4 4
24 2 0

Total &4

9]
—




Table S2. Pearson correlation coefficients of the comparison between
concentrations of anthocyanin and flavones in each plant tissue of S.

littorea plants from the three populations.

Population  Petals Calyces Leaves Stems

Sines 0.67 *** 0.50 * 0.50 ** 0.78 #**
Barra -0.20 0.76 *** (0.58 *** 0.81 **x*
Furnas -0.14 0.87 #** 0.55 #** 0.82 #**
Total 0.30 0.71 #** 0.54 #** 0.81 #**

*, P<0.05; **, P<0.01; *** P<0.001.



Table S3. Simplified relative distance plasticity index (RDPI) values obtained from flavonoid concentrations in petals, calyces, leaves

and stems of S. /ittorea plants from each population. RDPI; values span from 0 (no plasticity) to 1 (maximal plasticity).

Anthocyanins Flavones
Population Petals Calyces Leaves Stems Petals Calyces Leaves Stems
Sines 0.11+£0.03 0.86+0.04 0.66+0.22 0.66=+0.09 0.15+£0.03 0.37+0.05 040+£0.06 0.40=+0.17
Barra 0.19+£0.05 093+0.01 051+0.09 0.78+0.03 0.17+£0.03 039+0.03 043+0.04 0.37+0.04
Furnas 0.09+0.03 098+0.01 0.87+£0.05 0.64+0.10 0.23+£0.02 043+0.05 042+0.07 0.33+0.07

Values are expressed as mean + standard error.
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