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Figure S1. HPLC-DAD-FLD metabolic profile of quantified compounds in Theobroma cacao L. unfer-
mented beans.
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Figure S2. PCA plots with PC3 and PC4 principal components of flavanol monomers, flavanol oli-
gomers and methylxanthine alkaloids in Theobroma cacao seeds. A) Score plot and B) loading plot.
The color code is as follows: ICS-1, yellow; EET-96, dark blue; FEC-2, light green; TAME-2, dark
green, FSV-41, red; CCN-51, black; ICS-95, fuchsia; TSH-565, aqua; FEAR-5, dark gray; and ICS-60,
light gray. TM: total monomers; TP: total procyanidins; MX: total methylxanthines; TM/TP: mono-
mer/procyanidin ratio; CT: catechin; EP: epicatechin; PB2: procyanidin B2; CF: caffeine; TB: theobro-
mine; D1-11: unknown procyanidins 1-11; TF: total flavonoids.

The contribution ratios were 10.4% and 6.9% for PC3 and PC4, respectively. As seen
from Figure S2A, the short distances between samples in the score plot indicates that there
is no difference between the cocoa clones regarding the metabolites studied. FSV-41 and
ISC-95 clones presented the least variability. Samples corresponded to FEAR-5, EET-96,
ICS-60 and TSH-565 clones showed greater dispersion affected by the presence of metab-
olites D8, D9 and D11 (procyanidins) while TAME-2 clone showed dispersion affected by
the content of methylxantines (MX, TB) and D10 as shown in Figure S2B, loading plot of
PCA that revealed the specific components that lead to the differences between samples.
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Table S1. Samples and concentrations of individual markers.

Sample TB CF CT PB2 EP D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 TM TP TM/TP TF MX
mg/g
CCN10 1221 1.02 037 347 17.97 270 178 0.87 139 076 057 144 0.63 0.00 0.00 0.00 18.34 1361 135 31.95 13.23
CCN13 1284 0.63 035 3.38 1689 2.71 1.81 090 143 0.80 0.62 1.51 0.67 0.00 0.00 0.00 17.24 13.83 125 31.07 12.84
EET8 13.99 129 050 2.88 16.65 2.10 130 0.63 1.01 058 0.00 1.18 055 0.0 0.00 000 17.15 1023 1.68 27.38 15.28
CCN3 1252 086 046 3.10 1650 232 146 0.72 1.09 0.64 0.00 1.29 053 0.00 0.00 000 1696 11.15 152 2811 12.52
TSH7 1376 2.70 039 298 16.03 228 148 0.73 1.05 0.63 0.00 1.30 052 0.0 0.00 0.00 1642 1097 150 27.39 16.46
EET11 14.04 137 044 291 1590 2.15 137 0.69 095 0.61 0.00 120 053 0.00 0.00 000 1634 1041 157 2675 1541
EET2 957 150 045 250 1540 1.79 099 054 0.77 0.00 0.00 1.06 054 0.00 0.00 0.00 1585 819 194 24.04 11.07
EET4 955 097 038 279 1454 201 128 0.00 099 0.00 0.00 1.13 0.00 0.0 0.00 0.00 1492 820 1.82 23.12 955
TSH4 12.05 1.83 037 2.09 1435 130 0.64 038 054 035 028 1.11 0.82 058 0.00 058 1472 867 170 2339 13.88
TSH3 780 1.07 023 259 1445 1.82 1.06 052 0.80 0.00 0.0 1.06 0.61 0.0 0.00 0.00 14.68 846 174 23.14 8.6
TSH6 13.80 3.38 030 2.33 14.17 1.66 091 049 075 042 0.00 1.12 070 055 0.00 0.64 1447 957 151 24.04 17.18
EET5 955 124 039 272 13.89 197 125 0.00 098 0.00 0.00 1.09 0.00 0.00 0.00 0.00 1428 801 1.78 2229 10.79
TSHS8 1224 149 029 236 1378 167 095 052 0.73 044 034 115 059 052 0.00 053 14.07 9.80 144 23.87 13.73
ICS952 11.20 1.99 0.34 236 13.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1393 236 590 1629 13.19
CCN5 949 076 0.00 245 1379 1.66 0.89 0.00 0.70 0.00 0.00 1.04 0.64 0.0 0.00 0.00 13.79 7.38 1.87 21.17 9.49
ICS-601 11.09 1.56 036 2.50 13.41 0.00 1.28 0.72 1.00 059 0.0 1.13 0.00 0.00 0.0 0.00 1377 722 191 2099 12.65
TSH1 890 085 031 2.04 1336 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.67 2.04 670 1571 8.90
TSH2 644 078 030 2.17 13.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 1347 2.17 621 1564 6.44
EET9 10.02 1.08 034 250 13.12 1.86 1.15 058 0.89 0.00 0.00 1.01 048 0.0 0.00 0.00 1346 847 159 2193 11.10
ICS951 10.83 1.47 030 2.12 13.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1332 2.12 628 1544 12.29
EET10 1020 0.99 029 257 13.01 1.98 124 0.62 0.94 0.00 0.00 1.04 0.00 0.00 000 0.00 1330 839 159 21.69 10.20
FEC3 816 074 037 261 12.86 1.92 126 000 096 0.00 0.00 1.06 0.00 0.00 0.00 0.00 1323 7.81 1.69 21.04 8.16
ICS17 858 143 021 2.63 12.83 2.03 135 0.00 1.04 0.00 0.00 1.15 0.00 0.00 0.00 0.00 13.04 820 159 21.24 10.00
ICS12 810 144 000 1.96 1291 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1291 196 659 14.87 9.53
ICS603 11.12 158 026 2.10 12.27 143 074 040 054 0.00 0.00 0.81 0.65 049 0.00 052 1253 7.68 163 2021 12.70
FEC1 7.76 076 032 1.99 1220 0.0 0.0 0.0 0.00 0.0 0.00 0.00 0.0 0.00 0.00 000 1252 199 629 1451 7.76
FSV2 1048 1.37 024 192 1228 1.19 059 0.00 046 0.00 0.00 0.89 0.65 0.0 0.00 000 1252 570 220 1822 11.85
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7.06
1.19
4.78
7.30
4.65
5.09
5.54
4.79
1.62

5.89
6.13
2.24
1.33
1.84
4.46
1.88
223
1.76
6.13
1.54
1.22
6.95
1.88
1.32
1.49
1.18
1.80
1.74
1.41
1.17
1.69
1.49
1.58
1.22
7.10
1.74
1.14
1.78
1.62
1.48
1.69
4.99

11.85
11.76
14.53
17.54
15.36
12.18
15.21
14.31
15.34
11.33
15.88
17.43
10.89
14.55
16.66
15.67
17.13
14.39
14.48
15.21
16.17
13.78
14.47
14.10
15.66
9.64

13.08
15.59
12.93
13.34
13.75
12.89
9.71

7.87
6.61
8.01
13.36
9.64
7.75
8.58
5.74
8.58
8.24
8.69
14.59
8.43
8.51
9.39
12.20
9.82
10.33
7.71
10.45
15.06
8.15
8.05
7.77
9.15
8.40
7.80
11.07
7.66
7.67
8.93
8.22
7.84
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FTA 13
FEC2
FTA 15
FEC?7
ICS-112
FSV 6
ICS-19
ICS-111
FEAR 8
ICS 607
ICS 608
FEC5
FSV 5
ICS-95 6
FEC9
FEARS5
FSV 10
FEC 10
FTA1l6
FTA 17
FTA 14
ICS-95 8
FEC11
FEAR 10
CCN 15
FSV 8
EET 15
ICS-953
TSH 11
IC5-957
TSH 10
FEAR 12
FSV 11

9.98
9.24
9.74
8.39
10.05
9.24
6.60
9.57
7.51
10.65
10.65
8.41
8.36
8.84
8.99
7.53
7.38
11.07
9.34
11.37
8.97
11.37
11.01
7.25
9.24
5.82
9.57
11.87
12.57
9.01
9.57
7.67
6.10

0.57
0.70
0.78
0.75
1.64
1.51
1.11
1.48
0.68
2.14
2.14
0.55
1.11
1.24
0.76
1.01
1.13
1.20
0.63
1.71
0.53
1.77
1.30
0.54
1.23
0.87
1.50
1.66
1.94
1.20
1.50
0.54
0.95

0.24
0.22
0.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.18
0.00
0.00
0.00
0.20
0.00
0.21
0.00
0.00
0.20
0.00
0.00
0.00
0.24
0.00
0.00
0.15
0.00
0.00
0.00

1.58
1.58
1.66
1.43
1.70
1.38
1.58
1.62
1.36
1.49
1.49
1.37
1.23
1.71
1.39
1.11
1.26
1.56
1.49
1.40
1.40
1.62
1.53
1.12
1.52
1.15
1.24
1.28
1.45
1.53
1.30
1.18
1.08

7.78
7.67
7.54
7.70
7.70
7.44
7.36
7.35
7.31
7.26
7.26
7.24
6.92
6.80
6.78
6.75
6.70
6.23
6.43
6.22
6.25
6.24
6.00
6.11
6.05
5.92
5.53
5.63
5.58
543
5.36
5.20
5.01

1.20
1.17
1.39
1.08
1.54
1.06
1.32
1.46
0.91
1.31
1.31
0.99
0.87
1.49
1.12
0.74
0.93
0.00
1.27
1.24
1.15
1.54
0.00
0.87
1.36
0.84
1.05
1.13
1.35
1.43
1.18
1.00
0.79

0.76
0.68
0.89
0.63
1.12
0.63
0.90
1.07
0.50
0.90
0.90
0.60
0.49
1.08
0.71
0.00
0.53
1.10
0.80
0.85
0.74
1.10
1.10
0.54
0.89
0.49
0.73
0.77
0.96
1.07
0.86
0.68
0.50

0.40
0.00
0.47
0.00
0.60
0.00
0.49
0.58
0.00
0.51
0.51
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.43
0.47
0.42
0.58
0.00
0.00
0.51
0.00
0.42
0.00
0.53
0.00
0.48
0.00
0.00

0.58
0.55
0.70
0.48
0.94
0.46
0.69
0.89
0.43
0.75
0.75
0.48
0.37
0.89
0.59
0.00
0.41
0.95
0.66
0.73
0.59
0.89
0.95
0.39
0.72
0.00
0.61
0.63
0.80
0.81
0.69
0.54
0.39

0.00
0.00
0.45
0.00
0.56
0.00
0.43
0.54
0.00
0.49
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.61
0.00
0.48
0.00
0.55
0.62
0.00
0.42
0.00
0.00
0.00
0.51
0.00
0.47
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.83
0.76
0.86
0.72
0.91
0.70
0.75
0.88
0.78
0.80
0.80
0.77
0.67
0.89
0.74
0.74
0.70
0.86
0.78
0.76
0.72
0.79
0.86
0.69
0.79
0.61
0.62
0.65
0.77
0.86
0.71
0.63
0.51

0.59
0.46
0.47
0.51
0.00
0.00
0.00
0.00
0.53
0.45
0.45
0.47
0.40
0.00
0.44
0.53
0.43
0.00
0.44
0.00
0.00
0.00
0.00
0.48
0.42
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.44
0.00
0.00
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

8.02
7.89
7.77
7.70
7.70
7.44
7.36
7.35
7.31
7.26
7.26
7.24
7.09
6.98
6.78
6.75
6.70
6.43
6.43
6.43
6.25
6.24
6.20
6.11
6.05
5.92
5.77
5.63
5.58
5.58
5.36
5.20
5.01

6.38
5.20
6.89
5.28
7.37
4.23
6.16
7.04
451
6.70
6.70
4.68
4.03
6.06
4.99
3.28
426
5.08
5.87
5.93
5.02
7.07
5.06
4.09
6.63
3.52
4.67
4.46
6.37
5.70
5.69
4.03
3.27

1.26
1.52
1.13
1.46
1.04
1.76
1.19
1.04
1.62
1.08
1.08
1.55
1.76
1.15
1.36
2.06
1.57
1.27
1.10
1.08
1.25
0.88
1.23
1.49
0.91
1.68
1.24
1.26
0.88
0.98
0.94
1.29
1.53

14.40
13.09
14.66
12.98
15.07
11.67
13.52
14.39
11.82
13.96
13.96
11.92
11.12
13.04
11.77
10.03
10.96
11.51
12.30
12.36
11.27
13.31
11.26
10.20
12.68
9.44

10.44
10.09
11.95
11.28
11.05
9.23

8.28

9.98
9.24
9.74
8.39
11.69
10.75
7.70
11.04
7.51
12.79
12.79
8.41
9.47
10.08
8.99
8.54
8.51
12.27
9.34
13.08
8.97
13.13
12.30
7.25
10.46
5.82
11.07
13.53
14.51
10.21
11.07
7.67
6.10
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ICS-113
FEC 12
FTA 12
TSH 12
FEAR 14
ICS-959
CCN 16
FSV 12

ICS5-95 10
FTA5
ICS-95 11

FEC13
CCN 4
FTA 18
FTA 19
ICS-110
ICS-1 14

8.35
13.59
9.29
9.57
9.57
10.02
9.65
5.69

13.72
7.89
10.74

13.27
10.81
9.33
8.12
6.45
6.79

1.36
1.22
1.45
1.50
1.50
2.06
0.62
1.03

1.99
0.51
1.52

1.10
1.08
0.51
0.51
1.26
1.39

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.39
0.00

0.00
0.36
0.00
0.00
0.00
0.00

1.19
1.28
0.98
1.14
1.18
1.21
1.07
0.87

1.16
0.78
0.95

0.82
0.61
0.00
0.65
0.00
0.00

4.87
4.83
4.56
451
4.42
441
3.85
3.80

3.52
241
2.53

2.34
1.42
1.68
1.59
1.07
1.02

1.10
1.20
0.85
1.08
1.17
1.15
1.04
0.71

1.31
0.82
1.09

0.91
0.77
0.64
0.75
0.49
0.49

0.75
0.83
0.56
0.82
0.88
0.77
0.76
0.46

0.96
0.60
0.81

0.75
0.68
0.49
0.00
0.43
0.43

0.42
0.46
0.00
0.46
0.49
0.43
0.42
0.00

0.51
0.00
0.47

0.45
0.43
0.00
0.00
0.00
0.00

0.61
0.71
0.48
0.67
0.70
0.61
0.64
0.00

0.83
0.51
0.68

0.70
0.65
0.45
0.51
0.00
0.00

0.00
0.44
0.00
0.47
0.49
0.00
0.00
0.00

0.51
0.00
0.44

0.48
0.42
0.00
0.00
0.00
6.79

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.65
0.72
0.56
0.66
0.68
0.67
0.60
0.48

0.66
0.49
0.56

0.57
0.50
0.00
0.43
0.00
0.00

0.00
0.00
0.00
0.00
0.00
041
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

4.87
4.83
4.56
4.51
4.42
441
3.85
3.80

3.52
2.80
2.53

2.34
1.78
1.68
1.59
1.07
1.02

4.72
5.64
3.43
5.30
5.59
5.25
4.53
2.52

5.94
3.20
5.00

4.68
4.06
1.58
2.34
0.92
7.71

1.03
0.86
1.33
0.85
0.79
0.84
0.85
1.51

0.59
0.88
0.51

0.50
0.44
1.06
0.68
1.16
0.13

9.59
10.47
7.99
9.81
10.01
9.66
8.38
6.32

9.46
6.00
7.53

7.02
5.84
3.26
3.93
1.99
8.73

9.71
14.81
10.75
11.07
11.07
12.08

9.65

6.71

15.70
7.89
12.26

14.37
11.89
9.33
8.12
7.71
8.17

TM: total monomers; TP: total procyanidins; MX:
theobromine; D1-11: unknown procyanidins 1-11; TF: total flavonoids.

total methylxanthines; TM/TP: monomer/procyanidin ratio; CT: catechin; EP

: epicatechin; PB2: procyanidin B2; CF: caffeine; TB:



