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Supplementary Table S1. Annotated metabolites found in cucumber leaves. Two inclusion criteria were used for selection of metabolites (%RSD < 25% in 
QC samples (n = 12); QC:blank ratio > 10). Identification (ID) was based (1) on RT and m/z of internal standards or metabolites were tentatively annotated 
using (2) MS/MS data or (3) accurate mass spectra.  

Metabolite CAS Formula m/z Adduct ID Level 

2-Hydroxycinnamic acid 583-17-5 C9H8O3 163.0405 M-H 1 

2-Hydroxyglutaric acid (2-HG) 2889-31-8 C5H8O5 129.0203 M-H20-H 2 

4-Hydroxycinnamic acid 7400-08-0 C9H8O3 163.0425 M-H 2 

4-Isopropylbenzoic acid 536-66-3 C10H12O2 145.0642 M-H20-H 3 

α-Aminobutyric acid (AABA) 2623-91-8 C4H9NO2 102.0557 M-H 2 

γ-Aminobutyric acid (GABA) 122-63-4 C4H9NO2 102.0561 M-H 1 

Abscisic acid 14375-45-2 C15H20O4 299.1016 M+Cl 1 

Alanine 302-72-7 C3H7NO2 88.0404 M-H 1 

Aminoadipic acid 542-32-5 C6H11NO4 160.0639 M-H 1 

Amyl salicylate 2050-08-0 C12H16O3 207.1059 M-H 3 

Arabinonic acid 608-53-7 C5H10O6 165.0431 M-H 3 

Asparagine 70-47-3 C4H8N2O3 131.047 M-H 1 

Aspartic acid 56-84-8 C4H7NO4 132.0317 M-H 1 

Auxin A 491-14-5 C18H32O5 327.2219 M-H 1 

Azelaic acid 123-99-9 C9H16O4 187.1001 M-H 3 

Benzaldehyde 100-52-7 C7H6O 105.019 M-H 2 

Butenoic acid 625-38-7 C4H6O2 85.0258 M-H 3 

Caffeic acid glucoside 24959-81-7 C15H18O9 341.0918 M-H 2 

Caffeic acid sulfate 331-39-5 C9H8O7S 240.9804 M-H20-H 2 

Continued… 
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Metabolite CAS Formula m/z Adduct ID Level 

Carbamoylputrescine 6851-51-0 C5H13N3O 152.0814 M+Na-2H 3 

Coumaric acid glucoside 617-45-8 C15H18O8 325.0962 M-H 2 

Cucurbic acid 131488-83-0 C12H20O3 211.1373 M-H 2 

Cucurbitacin C 5988-76-1 C32H48O8 559.3194 M+FA-H 2 

Cucurbitin 6807-92-7 C5H10N2O2 165.0436 M+Cl 2 

Cyanidin glucoside (FDB017855) 29223-00-5 C17H26N2O 309.177 M+Cl 2 

Dehydroascorbic acid 490-83-5 C6H6O6 208.9884 M+Cl 1 

Dihydrozeatin dimer (FDB112396) 62512-95-2 C16H25N5O6 404.1516 M+Na-2H 2 

Erythrose 533-49-3 C4H8O4 119.0363 M-H 2 

Eugenol 97-53-0 C10H12O2 145.0638 M-H20-H 1 

Ferulic acid glucoside 537-98-4 C16H20O9 355.1067 M-H 2 

Fumaric acid 110-17-8 C4H4O4 115.0622 M-H 1 

Galactose 59-23-4 C6H12O6 179.0521 M-H 1 

Galactose phosphate 2255-14-3 C6H13O9P 259.0256 M-H 2 

Gallic acid sulfate 121-79-9 C7H6O8S 248.9774 M-H 2 

Gluconic acid 526-95-4 C6H12O7 189.1125 M-H 3 

Glutaconic acid 1724-02-3 C5H6O4 129.0877 M-H 3 

Glutamic acid 56-86-0 C5H9NO4 146.0482 M-H 1 

Glutamine 56-85-9 C5H10N2O3 145.0604 M-H 1 

Glutaric acid 110-94-1 C5H8O4 113.0243 M-H20-H 1 

Glyceraldehyde 56-82-6 C3H6O3 89.0733 M-H 1 

Glyceric acid 473-81-4 C3H6O4 87.0081 M-H20-H 3 

Glycerol 56-81-5 C3H8O3 73.0294 M-H20-H 2 

Continued… 
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Metabolite CAS Formula m/z Adduct ID Level 

Glycine 56-40-6 C2H5NO2 74.0246 M-H 1 

Glycine betaine 107-43-7 C5H11NO2 116.0085 M-H 2 

Glycine betaine aldehyde 7418-61-3 C5H12NO 207.0521 M-H 3 

Glycolic acid 79-14-1 C2H2O3 72.9931 M-H 2 

Glycylproline 704-15-4 C7H12N2O3 171.0721 M-H 3 

Glyoxylic acid 298-12-4 C2H2O3 73.0255 M-H 3 

Guanine 73-40-5 C5H5N5O 132.0316 M-H20-H 1 

Hexenal 6789-80-6 C6H10O 97.0386 M-H 2 

Histidine 71-00-1 C6H9N3O2 154.0658 M-H 1 

Histidinol 1596-64-1 C6H11N3O 176.0593 M+Cl 3 

Hydroxyprolyl-Asparagine - C9H15N3O5 244.1203 M-H 3 

Isoamyl salicylate 87-20-7 C12H16O3 207.1058 M-H 3 
Isoleucyl-Serine 6403-14-1 C9H18N2O4 253.0956 M+Cl 3 

Jasmonic acid 77026-92-7 C12H18O3 209.1203 M-H 1 

Lactic acid 50-21-5 C3H6O3 89.0242 M-H 1 

Linalool glucoside 99096-59-0 C16H28O6 447.2267 M-H 2 

Malic acid 6915-15-7 C4H6O5 133.0155 M-H 1 

Malonic acid semialdehyde 9028-94-8 C3H4O3 87.0083 M-H 3 

Mesoxalic acid 473-90-5 C3H2O5 98.9714 M-H20-H 3 

Methylellagic acid 51768-38-8 C15H8O8 315.1178 M-H 3 

Methylmalonic acid 516-05-2 C4H6O4 117.0044 M-H 3 

N-Acetyl-L-serine 16354-58-8 C5H9NO4 146.0221 M-H 3 

Octanoic acid 124-07-2 C8H16O2 143.1087 M-H 1 

Ornithine 221-678-6 C5H12N2O2 131.0544 M-H 1 

Continued… 
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Metabolite CAS Formula m/z Adduct ID Level 

Oxalosuccinic acid 1948-82-9 C6H6O7 170.9916 M-H20-H 3 

Oxoglutaric acid 328-50-7 C5H6O5 145.0151 M-H 1 

Procyanidin B3-glucoside 105330-57-2 C36H36O17 739.1968 M-H 2 

Purine 120-73-0 C5H4N4 101.0241 M-H20-H 3 

Pyroglutamic acid 98-79-3 C5H6NO3 128.0362 M-H 1 

Pyruvaldehyde 78-98-8 C3H4O2 71.0131 M-H 3 

Pyruvic acid 127-17-3 C3H4O3 87.0082 M-H 1 

Ribonic acid 17812-24-7 C5H10O6 164.1124 M-H 3 

Ribose phosphate 3615-55-2 C5H11O8P 273.9912 M-H 2 

Sarcosine 107-97-1 C3H7NO2 88.9985 M-H 3 

Serine 56-45-1 C3H7NO3 104.035 M-H 1 

Shikimic acid 138-59-0 C7H10O5 173.0484 M-H 1 

Succinic acid 110-15-6 C4H6O4 99.0081 M-H20-H 1 

Succinic acid semialdehyde 692-29-5 C4H6O3 83.0134 M-H20-H 1 

Syringic acid 530-57-4 C9H10O5 179.0367 M-H20-H 1 

Tartaric acid 87-69-4 C4H6O6 149.9885 M-H 3 

Tetrahydroxyflavanone C15H10O6 C15H10O6 285.1354 M-H 2 

Threonic acid 7306-96-9 C4H8O5 135.0309 M-H 1 

Threonine 72-19-5 C4H9NO3 118.0507 M-H 1 

Threonolactone 21730-93-8 C4H6O4 117.0188 M-H 3 

Tocotrienol 25612-59-3 C26H38O2 395.5045 M-H 2 

Xanthine 69-89-6 C5H4N4O2 133.0153 M-H20-H 1 

Zeatin 13114-27-7 C10H13N5O 218.1322 M-H 3 

Zymonic acid 24891-71-2 C6H6O5 192.9939 M-H 3 
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Supplementary Table S2. Metabolic changes in leaves of cucumber plants grown under blue, green, 
red, and white growth light backgrounds after 14 days of UV exposure. Arrows represent decreased (↓) 
or increased (↑) levels of metabolites after UV exposure compared to the UV-free-control.  
 
  Treatments 
Metabolic 
pathway 

Compound B vs 
BUV 

G vs 
GUV 

R vs 
RUV 

W vs 
WUV 

Other 
aminoacids 

Aminoadipic acid  - - - ↓ 
Homoalanine - ↑ - ↓ 

 Sarcosine - ↑ ↑ ↓ 
 Ornithine ↓ ↑ ↑ - 
 Pyroglutamic acid ↓ ↑ ↑ - 
 Glycine betaine aldehyde ↓ - ↓ ↑ 
 Glycine betaine - ↑ - - 
 N-Acetyl-L-serine ↓ - ↑ - 
 Cucurbitin - - - - 
Tricarboxylic 2-Hydroxyglutaric acid (2-HG) - - - - 
acid cycle Glycolic acid - - - - 
(TCA) Oxoglutaric acid - - - - 
 Glycerol - - - - 
 Pyruvic acid - - - - 
 Succinic acid - - - - 
 Methylmalonic acid - - - - 
Phenolics Eugenol - - - - 
Glutathione 
ascorbate 
pathway 

Dehydroascorbic acid - ↑ ↑ - 
Tartaric acid ↑ - - - 
Threonate - ↑ - - 

Other  Hexenal - ↑ - - 
pathways Azelaic acid - ↑ - ↑ 
 Cucurbic acid - ↑ - - 
 Cucurbitacin C - ↑ ↑ - 
 Tocotrienol - ↑ - ↓ 
 Ribose phosphate - - - - 
 Guanine - ↑ ↑ ↓ 
 Butenoic acid ↓ - - - 
 Benzaldehyde ↓ - ↓ - 
 Glutaconic acid - - - - 
 Lactic acid - - - ↓ 
 Carbamoylputrescine - ↑ ↑ - 
 Octanoic acid ↓ - ↑ ↓ 
 4-Isopropylbenzoic acid ↓ - ↑ - 
 Amyl salicylate ↑ - - - 
 Hydroxyprolyl-Asparagine - ↑ - - 
 Glyceric acid - - - - 
 Glycylproline ↓ ↑ - - 
 Isoamyl salicylate ↑ ↑ - - 
 Isoleucyl-Serine - - - - 
 Histidinol ↓ - ↓ ↓ 
 Linalool glucoside - ↑ - - 
 Mesoxalic acid - - - ↓ 
 Purine - - - - 
 Pyruvaldehyde - - ↑ ↓ 
 Xanthine - - - ↓ 
 Zymonic acid ↑ - - ↑ 
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Supplementary Table S3. Summary of the ANOVA models used to estimate significant main effects of white, blue, green, or red growth light backgrounds on 
metabolite profiles in cucumber leaves and comparison between treatments using multiple contrasts. Significant values (p < 0.005) are shown in bold. dfnum 
(numerator degrees of freedom), dfden (denominator degrees of freedom). 

Metabolite dfnum dfden F p W vs B W vs G W vs R B vs G B vs R R vs G 

2-Hydroxycinnamic acid 3 30 4.84 0.0073 1.0000 1.0000 0.0114 1.0000 0.0116 0.0110  

2-Hydroxyglutaric acid (2-HG) 3 30 5.49 0.0040 0.5123 0.2045 0.0100 0.3285 0.0451 0.4908  

4-Hydroxycinnamic acid 3 30 22.14 <.0001 0.0039 0.0163 0.2711 <.0001 <.0001 0.0945 

4-Isopropylbenzoic acid 3 30 19.09 <.0001 <.0001 0.1953 0.0377 <.0001 <.0001 0.3674 

α-Aminobutyric acid (AABA) 3 30 6.44 0.0017 0.9217 0.9217 0.0068 0.0547  0.0001 0.0547  

γ-Aminobutyric acid (GABA) 3 30 1.39 0.2649 - - - - - - 

Abscisic acid 3 30 7.38 0.0008 0.0002 0.1188 0.0112 0.0845 0.5763 0.5763  

Alanine 3 30 27.39 <.0001 <.0001 0.0012 0.5658 <.0001 <.0001 0.0003 

Aminoadipic acid 3 30 1.04 0.3903 - - - - - - 

Amyl salicylate 3 30 13.09 <.0001 0.0171 0.2939 0.9669 <.0001 0.0292 0.2939 

Arabinonic acid 3 30 3.73 0.0218 1.0000 0.3609 0.0462 0.4187  0.0922 1.0000 

Asparagine 3 30 0.12 0.9498 - - - - - - 

Aspartic acid 3 30 19.79 <.0001 0.0793 0.0793 <.0001 0.0009 <.0001 0.0028 

Auxin A 3 30 6.31 0.0019 0.0567 0.0892 0.9160 0.0009 0.0567 0.0892  

Azelaic acid 3 30 3.58 0.0253 0.0525 0.0256 0.3996 0.7464 0.6524 0.5762  

Benzaldehyde 3 30 1.98 0.1380 - - - - - - 

Butenoic acid 3 30 0.67 0.5756 - - - - - - 

Caffeic acid glucoside 3 30 20.33 <.0001 0.0001 0.0420 0.0284 <.0001 0.0656 0.0007 

Caffeic acid sulfate 3 30 0.24 0.8681 - - - - - - 

Continue… 
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Metabolite dfnum dfden F p W vs B W vs G W vs R B vs G B vs R R vs G 

Carbamoylputrescine 3 30 2.36 0.0918 - - - - - - 

Coumaric acid glucoside 3 30 43.12 <.0001 0.0411 <.0001 0.1215 <.0001 0.5645 <.0001 

Cucurbic acid 3 30 4.29 0.0124 0.7702 0.0360 0.4654 0.0201 0.3764 0.4654  

Cucurbitacin C 3 30 8.58 0.0003 0.1811 0.4311 0.1811 0.0063 0.0001 0 .4311 

Cucurbitin 3 30 2.58 0.0720 - - - - - - 

Cyanidin glucoside (FDB017855) 3 30 0.66 0.5858 - - - - - - 

Dehydroascorbic acid 3 30 0.13 0.9440 - - - - - - 

Dihydrozeatin dimer (FDB112396) 3 30 4.53 0.0099 0.0721 0.0627 1.0000 1.0000 0.0721 0.0627  

Erythrose 3 30 1.57 0.2181 - - - - - - 

Eugenol 3 30 1.09 0.3677 - - - - - - 

Ferulic acid glucoside 3 30 3.39 0.0306 0.4041 0.7477 0.7477 0.0417 0.7477 0.1446  

Fumaric acid 3 30 0.26 0.8544 - - - - - - 

Galactose 3 30 3.33 0.0327 0.3910 0.6929 0.3658 0.0881 0.8429 0.0688  

Galactose phosphate 3 30 0.55 0.6524 - - - - - - 

Gallic acid sulfate 3 30 1.56 0.2205 - - - - - - 

Gluconic acid 3 30 6.29 0.0019 1.0000 0.0347 0.0295 0.0183 0.0121 1.0000  

Glutaconic acid 3 30 4.46 0.0105 1.0000 0.2870 0.0062 1.0000 0.0245 0.0710  

Glutamic acid 3 30 7.57 0.0007 0.3991 0.3991 0.0084 0.0833 0.0003 0 .1490 

Glutamine 3 30 10.30 0.0001 <.0001 0.1284 0.1284 0.0007 0.0007 0.8773 

Glutaric acid 3 30 6.22 0.0020 0.3841 0.8159 0.3841 0.0174 0.8159 0.0689  

Glyceraldehyde 3 30 2.26 0.1019 - - - - - - 

Glyceric acid 3 30 1.10 0.3661 - - - - - - 

Glycerol 3 30 13.71 <.0001 0.0035 0.0652 0.1432 <.0001 <.0001 0.5865 

Continue… 
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Metabolite dfnum dfden F p W vs B W vs G W vs R B vs G B vs R R vs G 

Glycine 3 30 0.26 0.8546 - - - - - - 

Glycine betaine 3 30 4.35 0.0117 0.5114 0.0222 0.0457 0.2533 0.3449 0.7874  

Glycine betaine aldehyde 3 30 0.44 0.7289 - - - - - - 

Glycolic acid 3 30 6.14 0.0022 0.4384 0.0017 0.0022 0.0017 0.0017 0.3975  

Glycylproline 3 30 3.60 0.0248 0.1423 1.0000 0.1423 0.1180 1.0000 0 .1345 

Glyoxylic acid 3 30 9.46 0.0001 0.3154 0.0001 0.0110 0.0100 0.3154 0.3154  

Guanine 3 30 19.51 <.0001 0.1888 0.3141 0.0035 0.0098 <.0001 0.0119 

Hexenal 3 30 20.70 <.0001 0.0195 0.0142 0.3616 <.0001 0.0004 0.0282 

Histidine 3 30 10.19 0.0001 0.0231 0.2816 0.7672 <.0001 0.0183 0.3963 

Histidinol 3 30 1.74 0.1797 - - - - - - 

Hydroxyprolyl-Asparagine 3 30 7.25 0.0008 0.3765 0.3765 0.0165 0.1149 0.0015 0.1292  

Isoamyl salicylate 3 30 10.54 0.0001 0.0463 0.0102 0.3947 <.0001 0.1731 0.0017 

Isoleucyl-Serine 3 30 4.42 0.0109 0.0077 0.0873 0.0873 0.4462 0.4462 0.9186  

Jasmonic acid 3 30 1.47 0.2432 - - - - - - 

Lactic acid 3 30 4.51 0.0100 1.0000 0.1005 1.0000 0.2024 1.0000 0.5523  

Linalool glucoside 3 30 1.01 0.4029 - - - - - - 

Malic acid 3 30 3.40 0.0305 1.0000 1.0000 0.7548 0.3501 0.0252 1.0000  

Malonic acid semialdehyde 3 30 99.28 <.0001 <.0001 <.0001 0.6908 <.0001 <.0001 <.0001 

Mesoxalic acid 3 30 1.90 0.1502 - - - - - - 

Methylellagic acid 3 30 9.64 0.0001 0.0728 0.0001 0.4666 0.0310 0.4666 0.0022 

Methylmalonic acid 3 30 18.84 <.0001 0.0001 0.1478 0.0461 <.0001 <.0001 0.4933 

N-Acetyl-L-serine 3 30 26.37 <.0001 0.0001 0.8434 0.9719 <.0001 <.0001 0.9719 

Octanoic acid 3 30 3.51 0.0272 1.0000 0.1345 0.1305 0.1345 0.1187 1.0000  

Ornithine 3 30 4.99 0.0063 0.0050 0.0951 0.3310 0.1065 0.0563 0.3417  

Continue… 
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Metabolite dfnum dfden F p W vs B W vs G W vs R B vs G B vs R R vs G 

Oxalosuccinic acid 3 30 1.68 0.1914 - - - - - - 

Oxoglutaric acid 3 30 3.49 0.0278 0.3642 0.3642 0.0243 0.3942 0.0484 0.0706  

Procyanidin B3-glucoside 3 30 7.71 0.0006 0.4072 0.1601 0.0124 0.0161 0.0008 0.4072  

Purine 3 30 2.67 0.0657 - - - - - - 

Pyroglutamic acid 3 30 10.88 0.0001 0.0370 0.1770 0.0073 0.0073 <.0001 0.0547 

Pyruvaldehyde 3 30 11.31 <.0001 0.1594 0.1594 0.0026 0.0026 0.0001 0.1594  

Pyruvic acid 3 30 2.91 0.0505 0.8403 0.8403 0.0683 0.8403 0.1174 0.8403  

Ribonic acid 3 30 6.89 0.0011 0.0056 0.0056 0.0058 1.0000 1.0000 1.0000  

Ribose phosphate 3 30 7.09 0.0010 0.5932 0.0004 0.9217 0.0156 0.5932 0.0013  

Sarcosine 3 30 18.68 <.0001 0.0923 0.0923 <.0001 0.0015 <.0001 - 

Serine 3 30 5.49 0.0040 0.2143 1.0000 1.0000 0.0037 0.0132 1.0000  

Shikimic acid 3 30 21.78   <.0001 0.0384 <.0001 <.0001 0.0009 0.0003 0.4086 

Succinic acid 3 30 3.51 0.0272 0.4753 0.8844 0.0262 0.8844 0.3524 0.0935  

Succinic acid semialdehyde 3 30 1.23 0.3145 - - - - - - 

Syringic acid 3 30 1.95 0.1421 - - - - - - 

Tartaric acid 3 30 9.79 0.0001 0.4954 0.0001 0.3708 0.0018 0.6899 0.0040  

Tetrahydroxyflavanone 3 30 1.93 0.1452 - - - - - - 

Threonic acid 3 30 14.33 <.0001 0.2129 0.0003 0.0003 0.0001 0.0002 0.3280  

Threonine 3 30 5.32 0.0046 0.0034 0.0362 0.1072 0.6848 0.4360 0.6848  

Threonolactone 3 30 10.90 0.0001 0.0031 0.0856 0.3511 <.0001 0.0002 0.3511 

Tocotrienol 3 30 6.53 0.0016 0.0410 0.0720 0.0720 1.0000 1.0000 1.0000  

Xanthine 3 30 0.82 0.4921 - - - - - - 

Zeatin 3 30 1.61 0.2089 - - - - - - 

Zymonic acid 3 30 5.83 0.0029 1.0000 0.0017 1.0000 0.0087 1.0000 0.0946  

  



 

11 
© 2022 This manuscript version is made available under the CC-BY-NC-ND 4.0 license https://creativecommons.org/licenses/by-nc-nd/4.0/ 

Supplementary Table S4. Summary of the ANOVA models used to estimate significant main effects of supplementary UV combined with white, blue, green, or red growth 
light background on metabolic changes after 6h of exposure/day for 14 days. Significant values (p < 0.005) are shown in bold. dfnum (numerator degrees of freedom), dfden 
(denominator degrees of freedom). 

Metabolites dfnum dfden 
W vs WUV B vs BUV G vs GUV R vs RUV 

F p Higher F p Higher F p Source F p Higher 

2-Hydroxycinnamic acid 1 14 0.37 0.5552   2.50 0.1365   23.67 0.0002  GUV 37.06 <.0001  RUV 

2-Hydroxyglutaric acid (2-HG) 1 14 2.35 0.1477  0.17 0.6821  0.28 0.6078  1.87 0.1926  

4-Hydroxycinnamic acid 1 14 0.60 0.4527  0.38 0.5469  43.07 <.0001  GUV 0.80 0.3869  

4-Isopropylbenzoic acid 1 14 3.80 0.0716  24.71 0.0004  B 2.50 0.1359  11.68 0.0042  RUV 

α-Aminobutyric acid (AABA) 1 14 10.45 0.0060 W 0.20 0.6606  11.07 0.0050  GUV 3.55 0.0806  

γ-Aminobutyric acid (GABA) 1 14 0.21 0.6523  6.13 0.0267  B 2.92 0.1097  1.50 0.2402  

Abscisic acid 1 14 0.27 0.6084  3.72 0.0743  0.19 0.6736  0.87 0.3679  

Alanine 1 14 0.87 0.3663  10.82 0 .0054 B 18.28 0.0008  GUV 0.22 0.6468  

Aminoadipic acid 1 14 12.18 0.0036 W 3.92 0.0679  1.78 0.2039  1.24 0.2841  

Amyl salicylate 1 14 1.60 0.2264  14.46 0.0019  BUV 4.13 0.0615  3.71 0.0747  

Arabinonic acid 1 14 0.82 0.3793  15.67 0.0014  B 5.08 0.0408  GUV 0.36 0.5586  

Asparagine 1 14 5.14 0.0398  W 0.04 0.8464  6.48 0 .0233 GUV 0.79 0.3881  

Aspartic acid 1 14 15.61 0.0015 W 3.05 0.1024  3.08 0.1009  82.38 <.0001  RUV 

Auxin A 1 14 0.14 0.7181  0.56 0.4680  18.72 0.0007  GUV 0.09 0.7668  

Azelaic acid 1 14 16.39 0.0012 WUV 0.27 0.6084  14.97 0.0017  GUV 0.13 0.7287  

Benzaldehyde 1 14 1.26 0.2800  16.28 0 .0012 B 3.26 0.0927  15.03 0 .0017 R 

Butenoic acid 1 14 1.83 0.1980  5.23 0.0383  B 0.32 0.5782  0.63 0.4404  

Caffeic acid glucoside 1 14 4.97 0.0427 W 6.54 0.0228  B 14.42 0.0020  GUV 0.32 0.5827  

Caffeic acid sulfate 1 14 0.81 0.3834  1.94 0.1859  16.77 0.0011  GUV 2.74 0.1200  

Carbamoylputrescine 1 14 0.02 0.8988  0.02 0.8811  26.71 0 .0001 GUV 4.71 0 .0478 RUV 

Coumaric acid glucoside 1 14 17.26 0.001  W 0.03 0.8577  63.45 <.0001  GUV 1.23 0.2860  
Continued… 
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Metabolites dfnum dfden 
W vs WUV B vs BUV G vs GUV R vs RUV 

F p Higher F p Higher F p Source F p Higher 

Cucurbic acid 1 14 0.19 0.6655  0.15 0.7086  18.43 0.0007  GUV 0.16 0.6918  

Cucurbitacin C 1 14 0.43 0.5243  0.79 0.3905  16.83 0.0011  GUV 11.13 0.0049  RUV 

Cucurbitin 1 14 3.24 0.0936  1.34 0.2665  3.46 0.0839  0.76 0.3967  

Cyanidin glucoside (FDB017855) 1 14 0.51 0.4859  4.07 0.0634  33.44 <.0001  GUV 0.93 0.3523  

Dehydroascorbic acid 1 14 2.69 0.1232  1.52 0.2385  27.09 0.0001  GUV 6.79 0.0207  RUV 

Dihydrozeatin dimer (FDB112396) 1 14 0.87 0.3661  12.56 0.0032  B 35.96 <.0001  GUV 0.25 0.6218  

Erythrose 1 14 7.07 0.0187  W 6.63 0.0221  B 1.62 0.2241  5.19 0.0389  R 

Eugenol 1 14 0.79 0.3879  4.38 0.0551  BUV 0.23 0.6371  0.16 0.6997  

Ferulic acid glucoside 1 14 0.33 0.5743  6.96 0.0195  B 25.57 0.0002  GUV 1.07 0.3184  

Fumaric acid 1 14 6.49 0.0233  W 0.08 0.7807  0.28 0.6042  0.62 0.4439  

Galactose 1 14 6.16 0.0264  W 6.11 0.0269  B 2.95 0.1077  8.28 0.0122  R 

Galactose phosphate 1 14 15.71 0.0014  W 3.88 0.0690  0.09 0.7667  1.19 0.2936  

Gallic acid sulfate 1 14 0.34 0.5716  12.52 0.0033  B 14.31 0.0020  GUV 0.98 0.3385  

Gluconic acid 1 14 21.60 0.0004  W 3.13 0.0989  4.59 0.0502  GUV 3.55 0.0803  

Glutaconic acid 1 14 0.24 0.6284  0.57 0.4609  1.54 0.2349  4.33 0.0564  R 

Glutamic acid 1 14 12.59 0.0032  W 0.76 0.3971  20.76 0.0004  GUV 3.31 0.0901  

Glutamine 1 14 4.92 0.0436  W 16.85 0.0011  B 2.68 0.1242  12.66 0.0032  RUV 

Glutaric acid 1 14 2.07 0.1720  7.42 0.0165  B 5.08 0.0408  GUV 6.76 0.0210   

Glyceraldehyde 1 14 6.96 0.0195  W 3.72 0.0742  1.68 0.2159  2.23 0.1580  

Glyceric acid 1 14 0.53 0.4793  0.68 0.4231  2.79 0.1169  0.25 0.6235  

Glycerol 1 14 1.18 0.2947  0.44 0.5168  1.47 0.2452  0.18 0.6781  

Glycine 1 14 14.39 0.0020  W 1.97 0.1824  1.28 0.2770  2.01 0.1777  

Glycine betaine 1 14 0.10 0.7572  0.52 0.4819  30.81 0.0004  GUV 1.80 0.2008  

Glycine betaine aldehyde 1 14 21.84 0.0004 WUV 6.50 0.0232  B 1.95 0.1846  4.50 0.0523  R 

Glycolic acid 1 14 0.15 0.7046  3.74 0.0736  3.57 0.0797  2.11 0.1687  
Continued… 
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Metabolites dfnum dfden 
W vs WUV B vs BUV G vs GUV R vs RUV 

F p Higher F p Higher F p Source F p Higher 

Glycylproline 1 14 0.43 0.5204  9.58 0.0079  B 17.19 0.0010  GUV 0.46 0.5076  

Glyoxylic acid 1 14 63.75 <.0001  W 16.63 0.0011  B 14.32 0.0020  GUV 0.22 0.6469  

Guanine 1 14 5.48 0.0346  W 0.11 0.7396  8.91 0.0098  GUV 29.63 0.0001  RUV 

Hexenal 1 14 1.57 0.2312  0.04 0.8480  31.93 0.0001  GUV 0.32 0.5815  

Histidine 1 14 0.45 0.5117  0.95 0.3457  7.65 0.0152   0.13 0.7208  

Histidinol 1 14 7.10 0.0185  W 11.13 0.0049  B 3.21 0.0950  9.15 0.0091  R 

Hydroxyprolyl-Asparagine 1 14 3.02 0.1044  0.12 0.7355  8.49 0.0113  GUV 0.48 0.5010  

Isoamyl salicylate 1 14 1.70 0.2127  10.99 0.0051  BUV 16.64 0.0011  GUV 1.39 0.2579  

Isoleucyl-Serine 1 14 0.13 0.7264  2.30 0.1514  0.95 0.3466  0.34 0.5698  

Jasmonic acid 1 14 0.04 0.8383  0.29 0.5959  23.34 0.0003  GUV 0.83 0.3780  

Lactic acid 1 14 7.08 0.0186  W 2.22 0.1584  0.40 0.5355  0.00 0.9701  

Linalool glucoside 1 14 0.00 0.9460  0.34 0.5681  7.40 0.0166  GUV 0.75 0.4025  

Malic acid 1 14 4.42 0.0540  W 0.76 0.3972  0.35 0.5655  0.44 0.5174  

Malonic acid semialdehyde 1 14 1.95 0.1848  7.75 0.0147  B 169.01 <.0001  GUV 0.01 0.9223  

Mesoxalic acid 1 14 4.75 0.0468  W 0.21 0.6502  0.95 0.3455  0.90 0.3584  

Methylellagic acid 1 14 0.32 0.5778  11.74 0.0041  BUV 0.68 0.4219  1.87 0.1925  

Methylmalonic acid 1 14 0.10 0.7508  0.30 0.5925  0.76 0.3971  1.04 0.3257  

N-Acetyl-L-serine 1 14 0.02 0.9014  13.46 0.0025  B 3.94 0.0671  7.45 0.0163  RUV 

Octanoic acid 1 14 10.77 0.0055 W 3.69 0.0752  0.29 0.5990  6.56 0.0227  RUV 

Ornithine 1 14 0.49 0.4939  13.98 0 .0022 B 4.62 0.0495  GUV 9.98 0.0070  RUV 

Oxalosuccinic acid 1 14 2.12 0.1678  3.38 0.0874  21.44 0.0004  GUV 9.58 0.0079  RUV 

Oxoglutaric acid 1 14 1.22 0.2873  0.22 0.6488  2.07 0.1725  1.70 0.2130  

Procyanidin B3-glucoside 1 14 6.86 0.0202  WUV 0.09 0.7694  23.46 0.0003  GUV 0.49 0.4952  

Purine 1 14 2.61 0.1285  4.19 0.0599  B 2.64 0.1264  4.20 0.0596  
Continued… 
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Metabolites dfnum dfden 
W vs WUV B vs BUV G vs GUV R vs RUV 

F p Higher F p Higher F p Source F p Higher 

Pyroglutamic acid 1 14 1.72 0.2104  6.54 0 .0228 B 9.77 0.0074  GUV 10.07 0.0068  RUV 

Pyruvaldehyde 1 14 8.99 0.0096  W 0.10 0.7536  2.76 0.1186  7.02 0.0191  RUV 

Pyruvic acid 1 14 0.76 0.3994  0.83 0.3786  1.49 0.2427  0.05 0.8340  

Ribonic acid 1 14 3.00 0.1055  4.27 0.0578  0.17 0.6822  5.39 0.0358  R 

Ribose phosphate 1 14 0.10 0.7574  2.48 0.1374  1.24 0.2843  1.49 0.2419  

Sarcosine 1 14 16.30 0.0012 W 2.69 0.1232  4.95 0.0430  GUV 77.95 <.0001 R 

Serine 1 14 4.77 0.0464  W 1.42 0.2536  0.01 0.9194  0.10 0.7572  

Shikimic acid 1 14 9.86 0.0072  W 1.16 0.2993  2.09 0.1703  0.99 0.3373  

Succinic acid 1 14 0.76 0.3979  1.24 0.2834  1.35 0.2640  1.65 0.2200  

Succinic acid semialdehyde 1 14 0.04 0.8494  0.20 0.6609  5.92 0.0290  G 2.38 0.1452  

Syringic acid 1 14 0.03 0.8677  7.82 0.0143  BUV 41.24 <.0001  GUV 0.60 0.4496  

Tartaric acid 1 14 3.56 0.0800  7.26 0.0174  BUV 2.63 0.1271  0.07 0.7981  

Tetrahydroxyflavanone 1 14 32.40 0.0001  WUV 1.58 0.2296  22.07 0.0003  GUV 1.67 0.2176  

Threonate 1 14 0.03 0.8651  3.45 0.0846  8.75 0.0104  GUV 0.02 0.8915  

Threonine 1 14 25.94 0.0002  W 0.03 0.8567  1.00 0.3355  0.35 0.5634  

Threonolactone 1 14 5.79 0.0305  W 0.50 0.4908  1.83 0.1971  0.18 0.6737  

Tocotrienol 1 14 4.10 0.0625  0.28 0.6061  18.12 0.0008  GUV 3.96 0.0666  

Xanthine 1 14 11.84 0.0030 W 2.03 0.1758  2.10 0.1696  1.47 0.2452  

Zeatin 1 14 8.11 0.0129  W 0.13 0.7210  24.84 0.0002  GUV 0.88 0.3644  

Zymonic acid 1 14 6.50 0.0232  W 8.47 0.0114  BUV 1.60 0.2259   0.61 0.4465   
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