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	Supplementary Information Table 1 List of the Arabidopsis thaliana accessions used in this study and their geographical origin
	 

	 
	
	
	
	
	 

	 
	Native Name
	Short Name
	Country of Origin
	Region
	 

	 
	
	
	
	
	 

	 
	Antwerpen 
	An-1
	Belgium
	West Europe
	 

	 
	Columbia 0
	Col-0
	USA
	Midwest USA
	 

	 
	Cape Verdi Islands
	Cvi
	Cape Verdi Islands
	Macaronesia ecoregion of the North Atlantic Ocean
	 

	 
	Eriengsboda
	Eri
	Sweden
	North Europe
	 

	 
	Kondara 
	Kond
	Tajikistan
	Central Asia
	 

	 
	Kyoto 
	Kyo-1
	Japan
	East Asia
	 

	 
	Landsberger 
	Ler
	Germany
	Midwest Europe
	 

	 
	Wassilewskija 
	WS
	Russia
	East Europe
	 

	 
	C24
	C-24
	Portugal
	South Europoe
	 

	 
	 
	 
	 
	 
	 


	Supplementary Information Table 2 Environmental conditions used to grow the Arabidopsis thaliana accessions of this study

	 
	
	
	
	
	
	 

	 
	
	Light
	Temperature
	Humidity
	Medium

	 
	Climate chamber (CC)
	100 µM m-2 s-1
	22
	Uncontrolled
	Potting compost

	 
	Hydroponics (HY)
	100 µM m-2 s-1
	Day: 22     Night: 18
	70%
	Hydroponics solution1

	 
	Greenhouse  (GH)
	> 100 µM m-2 s-1
	Day: 22     Night: 19
	70%
	Potting compost

	
	Uncontrolled (OP)
	Uncontrolled
	Uncontrolled          
	Uncontrolled
	Potting compost

	
	
	
	
	
	


1 Tocquin, P., Corbesier, L., Havelange, A., Pieltain, A., Kurtem, E., Bernier, G., et al. (2003). A novel high efficiency, low maintenance, hydroponic system for synchronous growth and flowering of Arabidopsis thaliana. BMC Plant Biology, 3. 

	Supplementary Information Table 3 The number of masses or reconstituted metabolites after each step of the data processing workflow with MetAlign, METOT1 and MMSR2
	 

	
	 
	 
	 
	 

	 
	Metalign
	METOT1
	MMSR2
	 

	
	
	
	
	

	Shoot LC-MS+
	38972
	15306
	486
	 

	Shoot LC-MS-
	44503
	16357
	456
	 

	Shoot GC-MS
	12001
	7576
	222
	 

	Total Shoot
	95476
	39239
	1164
	 

	Root LC-MS+
	20227
	7682
	352
	 

	Root LC-MS-
	20551
	2294
	483
	 

	Root GC-MS
	8205
	4960
	225
	 

	Total Root
	48983
	14936
	1060
	 

	 
	 
	 
	 
	 


1 Metabolic MetAlign Output Transformer
2 Multivariate Mass Spectra Reconstruction
	Supplementary Information Table 4 Explained variation (in %) by the variation sources in different datasets

	 
	
	
	
	 

	 
	Accession
	Environment
	Accession-Environment interaction
	 

	
	
	
	
	 

	Shoot LC-MS+
	17.0
	18.3
	0.5
	 

	Shoot LC-MS-
	26.8
	36.4
	N.S.1
	 

	Shoot GC-MS
	22.5
	16.8
	0.6
	 

	 
	
	
	
	 

	Root LC-MS+
	79.0
	N.A.2
	N.A.
	 

	Root LC-MS-
	80.6
	N.A.
	N.A.
	 

	Root GC-MS
	53.9
	N.A.
	N.A.
	 

	 
	 
	 
	 
	 


1N.S. not significant (p-value > 0.05) 

2N.A. not applicable
	Supplementary Information Table 5 Average R-value (metabolic distance) of the environments in different analytical methods obtained by the ANOSIM permutation test. Numbers in parentheses show ranking of the environment within the row 
	 

	 
	Climate chamber
	Hydroponics
	Greenhouse
	Uncontrolled
	PC1
	Variance

explained2
	 

	Shoot LC-MS+
	0.72 (2)
	0.88 (1)
	0.65 (4)
	0.67 (3)
	3
	0.375
	 

	Shoot LC-MS-
	0.76 (2)
	0.98 (1)
	0.64 (4)
	0.71 (3)
	3
	0.531
	 

	Shoot GC-MS
	0.50 (2)
	0.57 (1)
	0.34 (4)
	0.42 (3)   
	4
	0.485
	 

	Total
	1.98 (2)
	2.43 (1)
	1.63 (4)
	1.8 (3)
	
	
	 

	 
	 
	 
	 
	 
	 
	 
	 


1 the number of principle components (PC) used to calculate the Euclidean distances for ANOSIM
2 % variation explained by the PCs used
	Supplementary Information Table 6 List of in silico tentatively identified metabolites from the analyses by GC-TOF-MS that are associated with grouping of A. thaliana accessions Cvi and Kond

	 
	
	
	
	
	
	 

	 
	Putative ID
	Retention index
	Matching factor
	Reverse Matching Factor
	Library
	 

	 
	fructose
	1453.125
	917
	924
	GMD
	 

	 
	1-methyl-alpha-D-glucopyranoside
	1548.525
	904
	916
	GMD
	 

	 
	glucopyranose
	1618.017
	901
	975
	GMD
	 

	 
	sucrose
	2160.211
	842
	931
	GMD
	 

	 
	L-glutamic acid
	1390.882
	970
	970
	GMD
	 

	 
	pyroglutamic acid
	1405.547
	991
	993
	GMD
	 

	 
	unknown (1)1
	1983.757
	818
	818
	GMD
	 

	
	unknown (2)1
	1478.680
	745
	748
	GMD
	

	
	unknown (3)1
	1617.983
	916
	971
	GMD
	

	
	unknown (4)1
	1449.313
	724
	724
	GMD
	

	
	
	
	
	
	
	


1 Detected in A. thaliana but unidentified
	Supplementary Information Table 7 List of differentially produced metabolites in A. thaliana accessions detected by LC-TOF-MS with putative in silico identified molecular formula and assigned names, some with MS\MS information. Putative IDs are in silico annotations unless stated otherwise 

	 
	
	
	
	
	
	
	
	
	
	

	 
	Ret (min)
	Detected Accurate Mass
	Putative Elemental compositions
	Putative ID
	Δmass (ppm)
	Library 
	Organism
	specific  accession
	MS/MS fragments
	

	 
	
	
	
	
	
	
	
	
	
	

	LC-MS negative mode
	
	
	
	
	
	
	
	
	
	

	 
	1.47
	388.039
	C11H19NO10S2  C12H15N5O6S2  C20H11N3O4S  C12H23NO5S4
	progoitrin confirmed by MS/MS
	1
	KnapSack
	A. thaliana
	Cvi & Kond
	275, 259, 195, 136, 97
	

	 
	1.72
	358.029
	C10H17NO9S2  C11H13N5O5S2  C10H9N5O10
	sinigrin confirmed by MS/MS
	1.3
	KnapSack
	A. thaliana
	Cvi & Kond
	275, 259, 241, 195, 162, 116, 97 
	

	 
	2.63
	338.093
	C12H21NO8S  C19H19N2S2  C13H17N5O4S  C14H13N9S  C16H13N5O4  
	clinacoside C (a sulfur containing amide)
	1.5
	KnapSack
	Clinacanthus nutans, Unidentified in Brassicaceae
	Cvi & Kond
	NF1
	

	 
	2.70
	372.045
	C11H19NO9S2  C16H15N5S3 
	3-butenyl glucosinolate confirmed by MS/MS
	2
	KnapSack
	A. thaliana
	Kond, Cvi, C-24 & 
An-1
	275, 259, 241, 195, 179, 130, 119, 97
	

	 
	2.92
	374.059
	C11H21NO9S2  C12H17N5O5S2  C11H13N5O10  C12H9N9O6  C20H13N3O3S
	isobutyl glucosinolate, n-butyl glucosinolate, sec-butyl glucosinolate
	0.1
	KnapSack
	Brassica oleracea (Brassicaceae)
	Cvi & Kond
	NF1
	

	 
	2.99
	478.088
	C15H29NO10S3  C20H17N9O2S2  C30H23S3  C27H17N3O4S  C14H25NO15S  
	7-(methylsulfinyl)heptyl glucosinolate confirmed by MS/MS
	0
	KnapSack
	A. thaliana
	An-1 & C-24
	463, 414, 275, 252, 220, 97
	

	 
	3.27
	494.080
	C18H25NO11S2  C19H21N5O7S2  C23H21N5O2S3  C22H17N5O7S  C19H13N9O8  
	4-benzoyloxybutyl glucosinolate
	0.4
	KnapSack
	A. thaliana
	An-1 & C-24
	NF1
	

	 
	4.71
	402.088
	C13H25NO9S2  C16H21NO9S  C17H17N5O5S  C17H25NO4S3  C18H21N5S3
	methylpentyl glucosinolate or hexyl glucosinolate confirmed by MS/MS
	1
	KnapSack
	Raphanus sativus & Wasabi japonica (Brassicaceae) 
	An-1 & C-24 
	97
	

	 
	6.01
	450.091
	C17H25NO9S2  C18H21N5O5S2  C18H13N9O6  C26H17N3O3S  C16H21NO14
	4-phenylbutyl glucosinolate confirmed by MS/MS
	1
	KnapSack
	Armoracia rusticana (Brassicaceae)
	An-1 & C-24
	97
	

	 
	6.02
	416.106
	C15H23N5O5S2 C17H23NO9S C18H19N5O5S C15H15N9O6 C23H19N3O3S
	unidentified 
	2.6
	DNP
	Unidentified 
	An-1, C-24 & Col-0
	152, 97
	

	 
	6.44
	789.224
	C37H42O19
	truncatulin A annotated as truncatulin A isomer by MS/MS
	3
	
	Medicago truncatula
	Cvi & Kond
	593, 417, 399, 285, 193, 152,  
	

	 
	
	
	
	
	
	
	
	
	
	

	LC-MS positive mode
	
	
	
	
	
	
	
	
	
	

	 
	2.66
	667.150
	C29H30O18 C28H32Cl2N6O7S
	kaempferol 3-glycosides; diglycosides, 3-O-[β-D-apiofuranosyl-(1->3)-6-O-malonyl-β-D-glucopyranoside]  
	0.95
	DNP
	Cicer arietinum, Unidentified in Brassicaceae 
	An-1 & C-24
	NF1
	

	 
	2.68
	226.070
	C10H11NO5  C11H7N5O  C6H7N7O3  C11H15NS2  C14H11NS
	3-carboxytyrosine; (S)-form, MS/MS fragments fit with proposed structure
	0
	
	Lunaria annua (Brassicaceae)
	An-1 & C-24
	209, 191, 180, 162, 149, 134
	

	 
	2.93
	400.146
	C15H21N5O8  C20H21N3O6  C19H21N5O3S  C16H25N5O3S2  C16H17N9O4  
	biopterin, 1'-O-D-glucopyranoside (antibiotic activity)
	0.1
	DNP
	Spirulina  platensis, Unidentified in Brassicaceae
	An-1, Cvi &  C-24
	238
	

	 
	3.65
	206.119
	C12H15NO2  C9H19NO2S
	bellendine (alkaloid)
	2
	DNP
	Bellendena montana, Unidentified in Brassicaceae
	Cvi &  C-24
	189
	

	 
	4.18
	174.094
	C8H15NOS
	diptocarpilidine (alkaloid), MS/MS fragments fit with proposed structure
	1.6
	DNP
	Diptychocarpus strictus (Brassicaceae)
	An-1, Cvi &  C-24 
	130, 110
	

	 
	4.50
	346.090
	C17H15NO7  C17H22Cl3N  C13H11N7O5  C12H15N3O9  C10H15N7O5S  
	usnic acid amide (simple aromatic compound),3α-(4,4,4-trichloro-2 –butyryloxy)tropane 
	1.9,           1.0
	DNP
	Cercosporidium henningsii, Scopolia tanguticus Unidentified in Brassicaceae
	Cvi &  C-24 
	NF1
	

	 
	5.23
	561.211
	C32H32O9  C27H32N2O11  C28H28N6O7  C22H28N10O8  C26H28N10O3S  
	lehmbachol C.
	1.1
	DNP
	Salacia lehmbachii, Unidentified in Brassicaceae
	Cvi &  C-24
	NF1
	

	 
	5.41
	188.109
	C12H13NO  C9H17NOS
	4-hydroxy-2-propylquinoline (alkaloid)
	1.3
	DNP
	Boronia ternata, Unidentified in Brassicaceae
	Cvi &  C-24
	147, 124, 107
	

	 
	6.17
	730.268
	C35H43N3O12S  C36H39N7O8S
	unidentified
	 
	
	Unidentified
	Cvi &  C-24
	NF1
	

	 
	6.05
	947.282
	C44H51O23(+)
	3,4',5,7-tetrahydroxy-3',5'-dimethoxyflavylium(1+); 3-O-[4-hydroxy-Z-cinnamoyl-(->4)-α-L-rhamnopyranosyl-(1->6)-β-D-glucopyranoside], 5-O-β-D-glucopyranoside annotated as kaempferol 7-O-rhamnoside 3-O-rhamnosyl-(synapoyl)glucoside by MS/MS
	1
	DNP
	Petunia hybrida, Unidentified in Brassicaceae
	Cvi &  C-24
	801, 433, 369, 287, 207
	



1 NF, no fragmentation data for the corresponding ion mass
	Supplementary Information Table 8 Interaction of Arabidopsis thaliana accessions with biotic agents. Columns 1-3: isolates of Peronospora parasitica (1- Emoy2, 2- Cala2, 3- Waco9, downey mildew); 4: Oidium neolycopesici (powdery mildew); 5: Botrytis cinerea (botrytis); 6: Frankliniella occidentalis (thrips). R, resistant or unattractive; S, susceptible or attractive; M, mild sporulation or semi-attractive
	 

	 
	1
	2
	3
	4
	5
	6
	 

	An-1
	R
	R
	M
	R
	S
	S
	 

	Col-0
	R
	R
	S
	M
	S
	R
	 

	Cvi
	S
	M
	S
	S
	M
	R
	 

	Eri
	R
	R
	R
	S
	R
	M
	 

	
	
	
	
	
	
	
	 


	Supplementary Information Table 9 Above the diagonal: Matrix of R-values (metabolic distance) obtained by ANOSIM using an integrated dataset of shoot samples analyzed with all analytical methods. Below the diagonal: Matrix of genetic distance determined using the “Juke & Kantor” method. Numbers in parentheses indicate the ranking of the corresponding accession among the other accessions with regard to its metabolic distance
 

	 
	Metabolic distance 
	
	

	
	An-1
	Col-0
	C-24
	Cvi
	Eri
	Kond
	Kyo-1
	Ler
	WS
	Average metabolic distance
	 

	Genetic distance
	An-1
	
	0.68
	0.19
	0.95
	0.67
	0.93
	0.79
	0.65
	0.76
	0.70   (2)
	 

	
	Col-0
	77.18
	 
	0.71
	0.95
	0.02
	0.35
	0.17
	0.14
	0.02
	0.38   (7)
	 

	
	C-24
	83.49
	83.49
	 
	0.77
	0.64
	0.79
	0.78
	0.72
	0.71
	0.66   (3)
	 

	
	Cvi
	84.6
	74.16
	64.78
	 
	0.85
	0.83
	0.95
	0.96
	0.89
	0.89   (1)
	 

	
	Eri
	92.79
	73.26
	75.09
	74.16
	 
	0.34
	0.20
	0.19
	0.03
	0.37   (8)
	 

	
	Kond
	89.21
	65.01
	61.373
	54.39
	65.011
	 
	0.51
	0.65
	0.25
	0.58   (4)
	 

	
	Kyo-1
	85.75
	69.36
	104.15
	86.94
	62.34
	102.51
	 
	0.12
	0.12
	0.46   (5)
	 

	
	Ler
	66.54
	70.2
	73.93
	77.03
	64.78
	67.34
	56.2
	 
	0.19
	0.45   (6)
	 

	
	WS
	70.2
	50.53
	70.03
	77.03
	72.1
	63.05
	54.64
	43.63
	
	0.37   (8)
	 

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 


[image: image1.png]Eri

Col0

L .
Kond
162

———————Ler
313|

_—Ws

Kyo-1
216

20| e O

38| C-24

An-1




Supplementary Information Figure 1 Phylogenetic tree of the accessions used in this study determined by using 149 genome-wide SNPs. The distance scale is shown above. The bootstrap values at the branching points denote the number of bootstrap trees after 500 bootstraps yielding a cluster of the same composition
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Supplementary Information Figure 2 Quality control of the data using root (A,B,C,D & E) and shoot (F) LC-MS negative mode datasets as examples. A; Peak intensity scatter plot of two technical replicates with an interval of 40 samples, B; Peak intensity scatter plot of two biological replicates of An-1 and Cvi, C; Percentage of masses present in 1 to 6 technical replicates, D; frequency distribution of mass-error (ppm) for masses present in all technical replicates, E; frequency distribution of percentage amplitude-error for masses present in all technical replicates, F; PCA scores plot projecting shoot LC-MS negative mode samples using PC1 and PC2, ■; technical replicates, ○; biological replicates of samples in CC (climate chamber), GH (controlled greenhouse) and UC (uncontrolled greenhouse), ●; biological replicates of HY (hydroponics) 
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Supplementary Information Figure 3 Partial PCA biplot (superimposed scores and loadings plots) of the shoot of nine accessions grown in four environments, analyzed by GC-TOF-MS. Dashed arrows represent the 10 metabolites that more than 55% of their influence was represented by the first two PCs. Numbers along the axes indicate the PC number and percentage of variation explained. Metabolites indicated were tentatively identified as being responsible for separate clustering of accessions 

▷ An-1, ◆ Col-0, ◁ C-24, ( Cvi, ( Eri, ● Kond, + Kyo-1, ▼ Ler,
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Supplementary Information Figure 4 MS/MS collective ion mass spectrum of the putative truncatulin A isomer with the parent ion [M-H]-: 789.2240 (a). Proposed structure for truncatulin A isomer (b).  Fragment [C27H29O15]-: 593.1494 was the result of the neutral loss of [C10H12O4]: 196.0735 (derived from the dehydroguaiacylglycerol unit)  (1) with the negative charge on [COO]-. Subsequently, the fracture between two cyclic pentose units (beta elimination) and transfer of an H atom to the xylose unit results in the [C12H13O8]-: 285.0597 fragment (2). The fragment with m/z 399.0919 corresponds to a loss of ferulic acid [C10H10O4]: 194.0579  from the [C27H29O15]-: 593.1494 fragment (3) resulting in the fragment with m/z 193.0520 i.e. [C10H9O4]-. Mass [C27H29O15]-: 593.1494 can also lose a ketene substituted ferulic acid [C10H8O3]:176.0473 and leave the [C17H21O12]-: 417.1033 (4). Mass [C7H4O4]-: 152.0109 is the anion radical derived from genticic acid
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Supplementary Information Figure 5 MS/MS collective ion mass spectrum of kaempferol 7-O-rhamnoside 3-O rhamnosyl-glucoside(sinapoyl) with parent ion [M+H]+ 947.2816 Da (a). Proposed structure of kaempferol 7-O-rhamnoside 3-O rhamnosyl-glucoside(sinapoyl) (b). Glc: glucose residue (162 Da); Rha: rhamnose residue (146 Da). The assignment of the sugar linkage is based on intensities of ions resulting from sequential losses of rhamnose [M+H-146]+, synapoyl glucoside [M+H-146-368]+ and a second rhamnose residue [M+H-146-368-146]+.Although it is not possible to unambiguously determine the aglycon substitution, the positions of the sugar linkage to the aglycon were based on the literature available in this field (Stobiecki et al. 2006 ;Vallejo et al. 2004)
Stobiecki, M., Skirycz, A., Kerhoas, L., Kachlicki, P., Muth, D., Einhorn, J., et al. (2006). Profiling of phenolic glycosidic conjugates in leaves of Arabidopsis thaliana using LC/MS. Metabolomics, 2(4), 197-219
Vallejo, F., Tomas-Barberan, F. A., & Ferreres, F. (2004). Characterisation of flavonols in broccoli (Brassica oleracea L. var. italica) by liquid chromatography-UV diode-array detection-electrospray ionisation mass spectrometry. Journal of Chromatography A, 1054(1-2), 181-193.
