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Appendix S1. PLANT MATERIAL
The 48 TOU-A local accessions represent as many different haplogroups (based on the genotyping at 149 SNPs; Platt et al. 2010), and have been genotyped for 168 503 SNPs evenly spaced across the genome (51.7% of these 168 503 SNPs having a Minor Allele Relative Frequency (MARF) > 0.2; Horton et al. 2012; http://bergelson.uchicago.edu/regmap-data). The size of this local GWA mapping population has been demonstrated to be powerful enough to finely map (i) the flowering time candidate gene FRIGIDA (with the most associated SNPs located within FRIGIDA; Brachi et al. 2013), and (ii) the RKS1 gene conferring quantitative resistance to the bacterial pathogen Xanthomonas campestris (with a unique association peak overlapping with RKS1; Huard-Chauveau et al. 2013).

Appendix S2. COMMON GARDEN EXPERIMENT
In this study, we used a split-plot design arranged as a randomized complete block design (RCBD) with six treatments nested within four blocks (Fig. S1). The six treatments tested in this study correspond to (i) one control treatment without competition (treatment C), (ii) four interspecific competition treatments using the four species P. annua, S. media, T. arvense and V. arvensis; hereafter named treatments P, S, T and V, respectively; and (ii) one intraspecific competition treatment (treatment A). The latter treatment was included in the experiment to test whether the differences observed between the absence of competition and the treatments of interspecific competition were not solely due to the presence of a neighbor plant, but were rather dependent on the identity of the competitor species. With respect to the passive mode and short distance of seed dispersal in A. thaliana (Wender, Polisetty & Donohue., 2005; Weinig et al., 2006), intra-genotypic competition was simulated for the intraspecific competition treatment. 

Each ‘block x competition treatment’ combination was represented by 48 pots (9 cm x 9 cm x 9.5 cm, vol. ~480 cm3; TEKU MQC) filled with damp standard culture soil (Huminsubstrat N3, Neuhaus), each pot corresponding to one of the 48 TOU-A accessions.

The 3rd of March 2011 (day 0), a minimum of ten A. thaliana seeds were sown in the central position of each pot. Seeds were stratified four days at 4°C in a cold chamber to promote germination, and then placed in a frost-free greenhouse without additional light or heating. In order to have similar germination timing between A. thaliana and the four other competitor species, seeds from P. annua, S. media and T. arvense were sown the 7st of March 2011, while V. arvensis seeds were sown 3 weeks earlier (i.e. the 14st of February 2011). Seeds from the competitor species were sown on 22 cm x 17 cm x 5 cm trays filled with damp standard culture soil (Huminsubstrat N3, Neuhaus) and placed in the same frost-free greenhouse as A. thaliana. To reduce micro-environmental variation, pots and trays were rotated daily in the greenhouse.

On day 21, A. thaliana pots were thinned to five-six seedlings. On day 26, for the interspecific competition treatments, three competitor seedlings were transplanted from trays to each A. thaliana pot. The three competitor seedlings were evenly spaced, 3 cm away from the A. thaliana target plant. For the intraspecific competition treatment, the three competitor A. thaliana seedlings were transplanted from the central position of the A. thaliana pots. On day 33, central A. thaliana target seedlings were thinned to one per pot. The three competitor seedlings surrounding the central A. thaliana target seedling were also thinned to one per pot, by keeping competitor seedlings with a similar size among the pots in a given competition treatment.

To estimate the growth behavior of P. annua, S. media, T. arvense and V. arvensis in absence of A. thaliana, we additionally transplanted on day 26 three seedlings for each species from trays to the central position of 10 pots (9 cm x 9 cm x 9.5 cm, vol. ~480 cm3; TEKU MQC) filled with damp standard culture soil (Huminsubstrat N3, Neuhaus). Central competitor seedlings were thinned to one per pot on day 33.

On day 34, all pots were transported outside to a common garden located at the University of Lille 1 (Fig. S1). Soil had been tilled so that all pots were buried. Plants were protected from herbivory by vertebrates, slugs and the insect Myzus persicae as described in Brachi et al. (2010). To avoid competition with weeds growing among pots, the common garden was regularly mechanically weeded during the course of the experiment.
Appendix S3. PHENOTYPIC CHARACTERIZATION
Bolting time (BT), flowering interval (INT) and the reproductive period (RP) were scored as the time interval between germination date and bolting date, between bolting date and flowering date and between flowering date and date of maturation of the last fruit, respectively (Brachi et al. 2012). BT, INT and RP were scaled in photothermal units (PTU) using a phenological model integrating both photoperiod length and temperature as described in Brachi et al. (2010).

At the start of flowering, the maximum diameter of the rosette measured at the nearest millimeter was used as a proxy for plant size (FT_diam; Weinig et al. 2006).

After maturation of the last fruit, the above-ground portion was harvested and stored at room temperature until further phenotyping. Individuals were then phenotyped for the following architectural and seed-dispersal related traits: number of basal branches (RAMBB), number of primary branches with fruits on the main stem (RAMPB_S) and height from soil to the first fruit on the main stem (H1S).

To quantify the strategy adopted by A. thaliana in response to competition, we calculated the ratio HD as H1S/FT_diam. High and low values of HD would correspond to an escape and agressive strategy, respectively.

FITTOT was measured by summing the seed production estimated separately for the main stem, the primary branches on the main stem and the basal branches. Each of these three estimates was calculated by multiplying the number of fruits by an estimate of their corresponding fruit length (calculated as the average of 3 randomly chosen fruit; Roux, Gao & Bergelson 2010).
At the time when an A. thaliana target plant was harvested, the above-ground dry biomass of its corresponding competitor (COMP) was estimated by drying the aboveground portion for two days at 60°C. A given COMP value was divided by the period (expressed in PTU) between the germination date and the date of maturation of the last fruit of the corresponding target plant. At the end of the experiment, we used the same protocol to estimate the above-ground dry biomass of plants of P. annua, S. media, T. arvense and V. arvensis grown in absence of A. thaliana.
Appendix S4. Data analysis
Natural variation and reaction norms
All factors of model (1) were treated as fixed effects because levels of no factor were random samples from a population to which we intended to extrapolate. In particular, we considered the ‘accession’ factor as fixed for several reasons. First, the 48 accessions have been chosen to maximize the genetic diversity of the TOU-A population and are therefore not a random sample of accessions. Second, considering the ‘accession’ factor as random would have led to the calculation of Best Linear Unbiased Predictors (BLUPs) to estimate genotypic values of the accessions. Because there are inherent problems of analyzing BLUPs for random effects (Hadfield et al. 2010), running GWA mapping based on BLUPs might have been misleading. Third, several experimental evidences suggest that it might be too risky to extrapolate genetic results from one population to other populations: (i) the genomic regions associated with phenotypic variation in A. thaliana can clearly differ between local populations separated by less than 150 kilometers (Brachi et al. 2013), and (ii) the level of genetic variation as well as the coefficients of correlations among traits can differ among natural plant populations (Franks & Weis 2008).

Genotypic gradients of selection in A. thaliana


For each treatment, in order to discriminate between different types of non-linear selection (i.e. curvilinear and stabilizing/disruptive selection), the point of inflection was calculated for each trait with a significant quadratic regression coefficient:
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(4)

where ‘a’ and ‘b’ correspond to the linear and quadratic regression coefficients of the trait in equation (3) (see Main document), respectively. If the point of inflection was contained within the 95% interval genotypic distribution of the trait of interest, selection acting on a trait was considered disruptive and stabilizing for a significant positive and negative ‘b’ value, respectively. Otherwise, selection was considered curvilinear. 

Differences in linear and non-linear selection gradients between the six treatments, were tested using the following model (PROC GLM procedure; SAS 9.3, SAS Institute Inc):

Relative fitnessi = µrelative fitness + treatment + trait1i + trait1i2 + … + trait8i + trait8i2 + trait1i x treatment + trait1i2 x treatment + … + trait8i x treatment + trait8i2 x treatment + εi
(5)

To test whether the intensity and/or the sign of selection differs (i) between each competition treatment and the control treatment and (ii) between each interspecific competition treatment and the intraspecific competition treatment, we conducted several pairwise comparisons within this regression model after adjusting for other factors in the model (‘Contrast’ statement in PROC GLM in SAS 9.3). Significant ‘trait x treatment’ and ‘trait² x treatment’ interactions indicate varying linear and non-linear selection between treatments, respectively.
Genome-wide association mapping
Linear regression was run at each SNP with a minor allele relative frequency (MARF) > 0.2 (n = 87 160). Because no excess of low P-values due to confounding by population structure was detected in the TOU-A population for twelve phenotypic traits scored in greenhouse conditions (Brachi et al. 2013), as well as for the phenotypic traits scored in this study (data not shown), no genetic kinship matrix accounting for genome-wide patterns of relatedness among the accessions was added in the linear regression. To determine whether the excess of low P-values obtained for a given trait was significant, we followed the protocol described in Alkorta-Aranburu et al. (2012), by comparing the distribution of observed P-values from the linear regression tests to a null distribution obtained by permuting 100 times phenotypes across the 48 accessions and running the same linear model. Quantile-Quantile (QQ) plots were used to visualize whether an excess of strong associations with a phenotype was observed relative to the 95% confidence intervals (CI) obtained by permutations.
Figure S1. Experimental split-plot design arranged as a randomized complete block design (RCBD) with six treatments nested within four blocks. For each ‘block x treatment’ combination, the 48 pots were arranged according to a grid of 3 lines and 16 columns, with a distance of 30 cm between two successive pots. The distance between two successive treatments within a block was 40 cm while the distance between two successive blocks was 80 cm. In each plot with competition, pots were placed in such a way that the competitor plant was on the South side of the A. thaliana target plant. For the competitor seedlings growing alone in a pot, the 10 pots for each species were split into two blocks located in the same common garden and then randomized within each block.
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Figure S2. Quantile-Quantile plots of p-values (negative logarithm) representing the excess of strong associations for (a) and (b) the length of reproductive period (RP, treatments S and V), (c) the above-ground dry biomass of competitors (COMP, treatment T),  (d) the number of basal branches (RAMBB, treatment P), (e) the height from soil to the first fruit on the main stem (H1S, treatment C) and (f) – (k) bolting time (BT, treatment C, A, P, S, T and V) in the TOU-A population. Solid black line: expected, dashed black line: observed, solid grey lines: 95% confidence intervals (see methods).
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Figure S3. Genomic regions associated with phenotypic variation in each of the six competition treatments (C, A, P, S, T and V). (a) Bolting time (BT). Left panel: Manhattan plots of the genome-wide association mapping results (MARF > 20%). The brown dot indicates the region of the most associated SNPs with BT natural variation in the competition treatments Control, intraspecific, S. media, T. arvense, and V. arvensis (SNP_4_ 286905, SNP_4_ 287481, SNP_4_ 288749, SNP_4_ 300821) and the pink dot indicates the region of the most associated SNPs with BT natural variation in the P. annua competition treatment (SNP_4_246531, SNP_4_256073, SNP_4_269188). Right panel: Zoom on the most associated SNP with BT natural variation (plotting window 0.35Mb). The red line indicates the genomic position of the FRIGIDA flowering-time gene. The brown-red gradient dots indicate the most associated SNP with BT natural variation in the competition treatments Control, intraspecific, S. media, T. arvense, and V. arvensis (SNP_4_ 286905, SNP_4_ 287481, SNP_4_ 288749, SNP_4_ 300821) and the purple-pink gradient dots indicate the most associated SNP with BT natural variation in the P. annua competition treatment (SNP_4_246531, SNP_4_256073, SNP_4_269188). (b) Height from soil to the first fruit on the main stem (H1S). Left panel: Manhattan plots of the genome-wide association mapping results (MARF > 20%). The red dot indicates the most associated SNP with H1S natural variation when A. thaliana accessions were grown in absence of competition (SNP_1_4164428). Right panel: Zoom on the most associated SNP with H1S natural variation in each treatment (plotting window 0.3Mb). (c) Number of basal branches (RAMBB). Left panel: Manhattan plots of the genome-wide association mapping results (MARF > 20%). The red dot indicates the most associated SNP with RAMBB natural variation in the P. annua competition treatment (SNP_5_3021231). Right panel: Zoom on the most associated SNP with RAMBB natural variation in each treatment (plotting window 0.24Mb). 
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Figure S4. Box-plots illustrating for each competition treatment the effects of three top SNPs individually identified in a specific competition treatment. (a) SNP_5_9317055 (polymorphism A/G). Effects of the most associated SNP with natural variation of the length of reproductive period when A. thaliana accessions were grown in presence of S. media. (b) SNP_5_26491091 (polymorphism A/G). Effect of the most associated SNP with natural variation of the length of reproductive period when A. thaliana accessions were grown in presence of V. arvensis. (c) SNP_2_4537845 (polymorphism C/G). Effect of the most associated SNP with above-ground dry biomass of T. arvense in response to 48 A. thaliana accessions. ns : non-significant, * : P < 0.05, *** : P < 0.001.
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Table S1. Natural variation of nine phenotypic traits scored on A. thaliana target plants and one trait scored on competitors.

	 
	 
	A. thaliana target plants
	 
	Competitors

	 
	 
	FITTOT
	 
	BT
	 
	INT
	 
	RP
	 
	FT_diam
	 
	H1S
	 
	HD
	 
	RAMBB
	 
	RAMPB_S
	 
	COMP

	Model terms
	 
	   F
	  P
	 
	   F
	   P
	 
	   F
	  P
	 
	   F
	  P
	 
	   F
	  P
	 
	   F
	  P
	 
	   F
	  P
	 
	   F
	  P
	 
	   F
	  P
	 
	   F
	  P

	Bloc
	 
	9.43
	<0.001
	 
	0.80
	0.514
	 
	6.76
	0.004
	 
	1.99
	0.158
	 
	14.24
	<0.001
	 
	14.19
	<0.001
	 
	11.08
	0.004
	 
	7.56
	0.002
	 
	0.29
	0.829
	 
	6.47
	0.007

	Competition
	 
	12.12
	<0.001
	 
	0.88
	0.519
	 
	0.66
	0.658
	 
	0.93
	0.490
	 
	4.29
	0.013
	 
	0.61
	0.691
	 
	4.95
	0.006
	 
	23.58
	<0.001
	 
	0.66
	0.656
	 
	162.24
	<0.001

	Accession
	 
	3.47
	<0.001
	 
	64.14
	<0.001
	 
	5.45
	<0.001
	 
	2.80
	<0.001
	 
	32.51
	<0.001
	 
	8.62
	<0.001
	 
	10.60
	<0.001
	 
	11.6
	<0.001
	 
	7.55
	<0.001
	 
	1.42
	0.040

	Competition x Accession
	 
	1.35
	0.004
	 
	1.39
	<0.001
	 
	1.24
	0.021
	 
	1.08
	0.236
	 
	1.46
	<0.001
	 
	1.32
	0.006
	 
	1.30
	0.008
	 
	1.48
	<0.001
	 
	1.36
	0.003
	 
	1.32
	0.008


FITTOT: total seed production, BT: bolting time, INT: flowering interval, RP: reproductive period, FT_diam: maximum rosette diameter at flowering, H1S: height from soil to the first fruit on the main stem, HD: ratio H1S/FT_diam, RAMBB: number of basal branches, RAMP_BS, number of primary branches with fruits on the main stem, COMP: above-ground dry biomass of competitor.
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