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S| Materials and Methods

Study Site and Experimental Design. The study was conducted in the
Garraf Natural Parklocated in the Catalonian central coast (41°18’
N, 1°49’ E). The climate is Mediterranean with a pronounced
3-mo summer drought. The average annual rainfall is 550-600 mm.
The maximum rainfall usually occurs in autumn (September—
December). Average winter temperatures are around 7 °C, and
the warmest summer temperatures average 22-24 °C.

Nine plots were established in March 1999. Six plots were
subjected to a climate-change treatment: nighttime warming in
three plots and drought in the other three. In the warming
treatment, the nighttime temperature was increased by covering
the vegetation with reflective covers that were retracted auto-
matically when it rained, thus avoiding water exclusion. The
drought treatment reduced rainfall input during spring and au-
tumn (the rainy seasons in a Mediterranean climate). In this
treatment the plot vegetation was covered automatically by
a transparent plastic canopy during rain events; the canopy was
removed when rain stopped. For details see refs. 1 and 2.

Sampling and Processing of Leaves. Sampling was conducted once
per season from spring 2009 to winter 2010. Five individual plants
in each plot were marked randomly as study subjects. A homo-
geneous fraction of the youngest leaves from each individual plant
was frozen in situ in liquid nitrogen. Frozen leaves were lyophilized.
Dried samples were ground with a Braun Mikrodismembrator-U
(Biotech International) at 1,600 rpm for 8 min. All sample powders
then were maintained at —20 °C until NMR extract preparation.

Leaf powder (200 mg) was introduced into a centrifuge tube. Six
milliliters of 50% water-methanol mixture and 6 mL of chloroform
were added to each tube (3). Samples were mixed for 15 s by vortex
and then were sonicated for 1 min at room temperature. All tubes
were centrifuged at 3,000 rpm for 30 min. Four milliliters of each
fraction [aqueous (AF, polar phase) and organic (OF, nonpolar
phase)] were collected independently into jars. This procedure was
repeated twice to obtain 8 mL of AF and OF soluble fractions for
each sample. OFs were collected by crystal syringes.

One hundred milliliters of water were added to AF samples to
reduce the methanol percentage to approximately 5%. Samples
were frozen at —80 °C and lyophilized. OF samples were placed
separately in a round-bottomed evaporation flask and were dried
in a rotary vacuum evaporator.

For the NMR analyses, 1 mL of KH,PO,-NaOD buffer in D,O +
0.01% 3-(trimethylsilyl)propionic-2,2,3,3-d 4 acid sodium salt
(TSP) was added to the dried AF samples to obtain a solution
with final pH of 6.0. One milliliter of chloroform D plus 0.01%
tetramethylsilyl (TMS) was added to dried OF samples. TSP and
TMS were used as internal standards. All content was trans-
ferred to Eppendorf tubes and centrifuged for 3 min at 6,000
rpm and for 2 min at 10,000 rpm. For each sample, 0.6 mL of
supernatant was transferred into NMR sample tubes.

NMR Experiments. NMR data acquisition for the metabolomic study
was conducted through high-resolution '"H NMR spectroscopy
measurements. '"H NMR spectra were acquired and processed
based on described protocols with little modification (4-6). A
Bruker Avance 600 spectrometer fitted with an automatic sample
changer and a multinuclear triple resonance (TBI) Probe (Bruker
Biospin) and working at 14.1-T field strength ("H frequency,
600.13 MHz) was used. The probe temperature was maintained at
298.0 K. Sample handling, automation, acquisition, and processing
were controlled using TopSpin 2.1 software (Bruker Biospin).

Rivas-Ubach et al. www.pnas.org/cgi/content/short/1116092109

Samples were allowed to equilibrate in the magnet for 1 min
before the acquisition started. For the D,O samples (polar phase),
a conventional composite 90° 'H pulse sequence with suppression
of the residual water signal was used (7-9). The water resonance
was presaturated using a power level of 55 dB during a relaxation
delay (RD) of 2 s. Spectra were collected in the time domain as
free induction decays (FIDs) across a spectral width of 9,615 Hz
and during an acquisition time (AQS) of 1.7 s. A total of 128
transients were acquired in 32k data points. Each FID was zero-
filled to 64k data points and multiplied by an exponential apod-
ization function equivalent to a 0.2-Hz line broadening before
Fourier transformation. The frequency-domain spectra were
phase and baseline corrected automatically and were referenced
manually to the TSP residual resonance at 8¢ 0.00 ppm.

For the CDCl; samples (nonpolar phase), a standard 90° 'H
pulse sequence was used. A total of 128 transients were acquired
in 32k data points across a spectral width of 9,591 Hz and during
an AQS of 1.7 s and an RD of 2 s. As for the D,O samples, FIDs
were zero-filled to 64k data points, and an exponential apodiza-
tion function equivalent to a 0.2-Hz line broadening was applied
to the FID before Fourier transformation. Spectra then were
phase and baseline corrected automatically and were referenced
manually to the TMS residual resonance at 8y 0.00 ppm. In all
cases (D,0 and CDCl;), when the automatic phase correction was
not accurate, spectra were phase corrected manually.

Typical polar and nonpolar 1D '"H NMR spectra profiles of
Erica multiflora leaves are presented in Fig. 1 of the main text
and in detail in Figs. S2 and S3 and in Table S4.

NMR Elucidation. For spectral resonance assignments, 1D and 2D
NMR experiments were performed in selected samples of the
water—methanol and chloroform extracts. A Bruker Avance 500
spectrometer (Bruker Biospin) equipped with a 5-mm high-
sensitivity cryogenically cooled triple-resonance TCI probe with
Z-gradients, operating at 11.7-T field strength (500.13 MHz 'H
and 125.76 MHz *C resonance frequencies), was used to per-
form the experiments. The probe temperature was maintained at
298.0 K. Sample acquisition and processing were controlled us-
ing TOIpSpin 1.3 software (Bruker Biospin).

1D "H NMR experiment and 2D 'H-'H correlation spectros-
copy (COSY), "H-"H total correlation spectroscopy (TOCSY),
'H-C heteronuclear single-quantum correlation (HSQC), and
'H-3C heteronuclear multiple-bond correlation (HMBC) data
were acquired using standard Bruker pulse sequences and routine
conditions (6). For the water-methanol extract samples, 2D ex-
periments were carried out with standard presaturation of the
residual water peak. Spectra were referenced to TSP (*H and *C
at 8y 0.00 ppm) in the D,0 samples and to the residual CHCl; (6
7.260 ppm and 77.00 ppm for 'H and '*C, respectively) in the
chloroform samples.

The concerted use of 2D 'H-'HCOSYand 'H-"C HSQC/
HMBC experiments allowed the assignment of most of the peaks
in the polar and nonpolar 1D "H NMR spectra profiles. When
possible, assignments were confirmed with described data (11-34).

'"H NMR spectral resonance assignments, structural eluci-
dated metabolites, and an example of a "H NMR spectrum with
the main assigned peaks of the water-methanol extracts are
shown in Table S4 and Fig. S3. The analog data for the chlo-
roform extracts are collected in Table S4 and Fig. S2.

Chemical Analyses. C and N analyses. For each sample, 1.4 g of
powder was weighed and introduced into a tin microcapsule.
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C and N concentrations were determined by elemental analysis
using combustion coupled to gas chromatography with a CHNS-O
Elemental Analyzer (EuroVector).

P and K analyses. The P and K analyses were performed using acid
digestion in a high-pressure, temperature-controlled microwave
system. Briefly, 250 mg of leaf powder was weighed and placed in
aTeflon tube, and 5 mL of nitric acid and 2 mL of H,O, were added
(10). A MARS Xpress microwave (CEM, Mattheus) was used to
perform acid digestion. The temperature was increased to 130°
over a 10-min ramp. Samples were maintained at this temperature
for 5 min; then the temperature was increased to 200 °C over a
10-min ramp, and samples were maintained at 200 °C for 20 min.
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To finish digestion, the temperature was increased to 220 °C over
a 5-min ramp and was maintained at 220 °C for 20 min.

All the digested contents were dissolved in 50 mL of water.
After digestion, P and K were determined by optic emission
spectrometry with inductively coupled plasma (Optima 2300RL
ICP-OES; Perkin-Elmer).

Bucketing Procedure. To identify exactly where a peak begins and
where it ends for all existing spectra peaks, a peak pattern for each
sample type (polar and nonpolar) was created. Then the variable-
size bucket table option of AMIX software (Bruker Biospin) was
executed for the spectra to obtain all peak integral values scaled
with respect to internal standards (bucketing).
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Fig. S1. Principal component analysis (PCA) plot from "H NMR metabolomic analyses of E. multiflora leaves using PC1 and PC3 axes. (A) Panel of metabolomic
variables. Colors indicate different metabolic families: blue, sugars; green, amino acids; yellow; compounds related to amino acids and sugar plant metabolism;
violet, secondary polar metabolites; black, nonpolar metabolites. Assignments are shown in Fig. 1 of the main text. (B) Panel of samples categorized by seasons.
Colors indicate different seasons (red, summer; yellow, autumn; blue, winter; green, spring).
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Fig. S2. Example of a 1D 'H NMR spectrum of the chloroform extract sample of E. multiflora leaves. Assignments of the main peaks are indicated. The sample
was dissolved in CDCl3 and referenced to the residual solvent peak (CHCl3). The spectrum was acquired at a 600-MHz magnetic field and at 298.0 K.
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Fig. $3. Example of a 1D "H NMR spectrum of the H,O/MeOH (1:1) extract of E. multiflora leaves with the assignment of the main peaks. The sample was
dissolved in DO (pH 6.0) and referenced to TSP. The spectrum was acquired at a 600-MHz magnetic field and at 298.0 K.

Table S1. Foliar concentrations of metabolites and nutrients and nutrient stoichiometry in the different seasons and treatments

Table S1 (DOCX)

Data of metabolomic variables are the mean integral value with respect to TSP or TMS concentrations (0.01%). The statistical significances of season,
treatment, and interaction were assessed with a mixed model for repeated measures of the stoichiometric and metabolomic variables. The MANOVA model
included individual plants and plots as random factors and climatic treatment, season, nutrient stoichiometry, and metabolomic concentrations (under an
unstructured correlation structure) and their interactions as fixed effects.
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Table S2. Factors’ statistical significance in the MANOVA and PERMANOVA conducted with the foliar concentrations of metabolites,
nutrients, and the nutrient stoichiometries

Table S2 (DOCX)

The MANOVA model included individual plants and plots as random factors and climatic treatment, season, and stoichiometric and metabolomic concentrations
(under an unstructured correlation structure) and their interactions as fixed effects. The PERMANOVA was performed using the Euclidean distance, with season (spring,
summer, autumn, and winter) and treatments (control, drought, and warming) as fixed factors and block and individuals nested in block as random factors.

Table S3. Mean values of the score coordinates of the first four factors from the PCA conducted with the concentrations of metabolites
and nutrients and the stoichiometric ratios (Fig. 2)

Table S3 (DOCX)

Last columns depict the results of one-way ANOVAs with respect to the year seasons (spring, summer, autumn, and winter). Different letters indicate
significant statistical differences between seasons (P < 0.05, post hoc Bonferroni test).

Table S4. NMR assignments of the major metabolites in samples of H,0/MeOH (1:1) and chloroform extracts

Table 54 (DOCX)

For samples dissolved in D,O (pH 6.0), 'H and 3C NMR chemical shifts are referenced to TSP. For samples dissolved in CDCl3, 'H and 13C NMR chemical shifts
are referenced to the residual solvent peak.

Table S5. Foliar concentrations of all elucidated metabolites extracted from Erica spectra in the different climatic treatments (Control,
Drought, Warming) within each season (Winter, Spring, Summer, Autumn)

Table S5 (DOCX)

Data are the mean integral value with respect to TSP or TMS concentrations (0.01%). Last columns depict the results of one-way ANOVAs.

Table S6. Mean values of the score coordinates of the first four factors from the PCA including metabolites and nutrient ratios presenting
differences between climatic treatments (Fig. 3)

Table S6 (DOCX)

Last columns depict the results of one-way ANOVAs. Different letters indicate significant statistical differences between climatic treatments within each
season (P < 0.05, post hoc LSD-Fisher test).
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