
Supplementary Materials 

NMR data from the identification of the organic compounds 

Tables S1 show the structures. 1H and 13C chemical shifts (δ). multiplicity. correla-

tions. and constant coupling (J in HZ) of the compounds identified in the cassava roots 

(Alves Filho, Sartori, Silva, Silva, Fadini, Soong, et al., 2015; Alves Filho, Sartori, Silva, 

Venâncio, Carneiro, & Ferreira, 2015; Alves Filho, Silva, Teofilo, Larsen, & de Brito, 2017; 

Balayssac, Trefi, Gilard, Malet-Martino, Martino, & Delsuc, 2009; Davis, Cai, Davies, & 

Lewis, 1996; Nord, Vaag, & Duus, 2004; Wishart, Jewison, Guo, Wilson, Knox, Liu, et al., 

2012; Ye, Yang, Lou, Chen, Yan, & Tang, 2014). 

Table S1. Organic compounds identified in the cassava roots. 

Structures 
δ 1H 

(multip.* J in Hz) 

δ 13C 

(HSQC) 

δ 1H 

ref. 

δ 13C 

ref. 

AMINO ACIDS 

Alanine 

OH
CH3

O

NH2

1
2

3

 

2 - (o) 

3 - 1.49 (d 7.2) 

52.4 

19.9 

3.90 (q 7.3) 

1.52 (d 7.3) 

53.4 

19.1 

Glutamine 

NH2

O

OH

O

NH2

1
2

3

4

 

4 - 2.44 to 2.50 (m) 

3 - 1.89 a 1.95 (m) 

2 - 3.20 (o) 

34.0 

30.7 

57.1 

2.45 (m) 

2.12 (m) 

3.77 (o) 

33.9 

29.3 

57.2 

Threonine 

OH OH

O

NH2

CH3

1
2

3

4

 

2 – 3.9 (o) 

3 – 4.3 (o) 

4 – 1.34 (d 6.6) 

 

62.2 

70.0 

22.8 

 

3.81 (d 4.2) 

4.35 (m) 

1.35 (d 6.5) 

 

63.4 

69.3 

22.3 

 

Arginine 

OH NH NH2

O NH

NH2

1 2

3

4

5

6

 

4 – 1.70 (m) 

3 – 2.10 (m) 

5 – 3.03  

2 – o 

 

26.7 

29.2 

42.5 

56.0 

 

1.69 (m)  

1.90 (m)  

3.23  

3.75   

 

26.5 

30.2 

43.1 

56.9 

 

Tyrosine 

OH

OH

O

NH2

1
2

3

4

5

6

7

8

9

 

6.8 - 6.91 (m) 

5.9 - 7.20 (m) 

2 - (o) 

3 - 3.20 (o) 

 

118.8 

133.7 

no 

39.6 

 

6.89 (m) 

7.19 (m) 

3.93 (dd) 

3.06 (dd) 

 

118.9 

133.5 

59.0 

38.3 

 

Tryptophan 

 

2 - 7.33 (m) 

4 - 7.29 (m) 

5 - 7.21 (m) 

6 - 7.74 (m) 

128.0 

125.2 

122.5 

121.5 

115.2 

7.30 (s) 

7.27 

7.19 

7.71 

7.53 

127.9 

124.9 

122.2 

121.2 

114.7 
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N
H

OH
O

NH2

1

2
3

4

5

6

78

9

10 11

 

7 - 7.55 

8 - 3.61 

9 - 3.36 

10 – no 

 

29.2 

29.2 

no 

3.29 

2.46 

4.03 

29.1 

29.1 

57.9 

ORGANIC ACIDS 

Malic 

OH

O

OH

OH O

1
2

3

4

 

3 - 2.40 (m) 

3 - 2.70 (m) 

2 - 4.31 (m) 

45.2 

45.2 

73.2 

2.68 (dd) 

2.85 (dd) 

4.28 (m) 

45.5 

45.5 

73.2 

Citric 

OH

O

OH

O

OH

OH

O

1
2

3

4
5

6

 

2 - 2.62 (o) 

4 - 2.74 (o) 

47.7 

47.7 

2.52 (d 15.8) 

3.66 (d 15.8) 

48.6 

48.6 

Succinic 

OH

O

OH

O

1

2

2

1

 

2;3 - 2.41 (s) 37.5   

Acetic 

OH CH3

O

1
2

 

2 - 1.94 (s) 27.0 1.90 (s) 26.1 

Formic 

H

OH

O

1

 

1 - 8.46 (s) no 8.46 (s) 173.9 

CARBOHYDRATES 

α-glucose 

O

H

OH

OH

H
H

H

OH

OH

H

OH

12

3

4
5

6

 

1 - 5.24 (d 3.8) 

2 - 3.46 (m) 

3 - 3.77 (m) 

4 - 3.55 (m) 

5 - 3.71 (m) 

6 - 3.86 (m) 

95.0 

72.4 

75.6 

74.1 

63.8 

75.5 

5.25 (d 3.80) 

3.89-3.36 (o) 

n 

n 

n 

n 

95.4 

72.2 

76.0 

72.8 

64.2 

74.5 

β-glucose 

O

H

OH

OH

H
H

H

OH

OH

OH

H

12

3

4
5

6

 

1 - 4.67 (d 7.90) 

2 - 3.26 (m) 

3 - 3.77 (m) 

4 - 3.46 (m) 

5 - 3.43 (m) 

6 - 3.91 (m) 

98.7 

77.4 

63.6 

78.9 

72.1 

63.5 

4.66 (d 8.10) 

3.25 (t 8.40) 

n 

n 

n 

n 

99.2 

77.6 

56.1 

79.0 

72.8 

63.1 
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Sucrose

O
H

OH
OH

H
H

H

OH

OH

H

O
O

OH

OHOH

H

H
H

OH

1

4´3´

 

1 - 5.41 (d 3.70) 

2 - 3.56 (o) 

3 - 3.76 (o) 

4 - 3.48 (o) 

5 - 3.85 (o) 

6 - 3.82 (o) 

1’ - 3.82 (o) 

2’ - 3.89 (o) 

3’ - 4.05 (m) 

4’ - 4.22 (m) 

6’ - 3.68 (m) 

95.1 

74.1 

75.5 

72.3 

75.5 

63.1 

65.2 

84.3 

77.0 

79.3 

64.5 

5.44 (d 3.80) 

3.89-3.57 (m) 

n 

n 

n 

n 

n 

n 

4.08 (t 8.40) 

4.24 (d 9.0) 

n 

94.7 

73.5 

75.0 

71.8 

74.9 

62.8 

64.0 

83.7 

76.6 

79.0 

65.0 

OTHER COMPOUNDS 

Niacin 

N

OH

O

1
2

3

6

4

5

 

 

3 – 9.10 

4 – 8.83 

5 – 8.07 

6 – 8.80 

 

 

no 

no 

no 

no 

 

 

8.97 

8.61 

7.54 

8.26 

 

152.8 

151.4 

123.3 

145.6 

s – simplet; d – duplet; t – triplet; q – quadruplet; quin – quintet; dd – double of duplets; dt – double 

of triplets; o – overlapping signal; n – no information; no – not observed. 

For comprehensive analysis of cassava harvested at 9 and 15 months and with dif-

ferent cooking characteristics. the variables were highlighter by the OPLS-DA and the 

results are shown for 9 month at Figure 1SIa (LV graph) and Figure 1SIb (resultant VIP 

score graph) for 15 month at Figure 1SIc (LV graph) and Figure 1SId (resultant VIP score 

graph). 

 

Figure S1. LV scores and VIP graphs from OPLS-DA model for HTC and ETC cassava harvested 

at 9 (a and b) and 15 months (c and d). 
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The Table S2 above shows the selected variables with their respective chemical shift 

selected for quantification and the VIP scores and Table 4SI shows the results for path-

way analysis for HTC versus ETC for cassava harvested after 9 months and 15 months.  

Table S2. Selected variables with their respective chemical shift selected for quantification and the 

VIP scores. 

Molecule Chemical Shift (ppm) VIP score 

Succinic acid 2.41 1.5 

Glutamine 1.89 a 1.95 4.2 

Malic acid 2.70 13.8 

β-glucose 4.67 6.2 

α-glucose 5.24 4.3 

Sucrose 5.41 3.7 

 

The Table S3 presents the report for pathway analysis. 

Table S3. Pathway analysis report for HTC versus ETC for cassava harvested after 9 months and 

15 months. The pathway in bold were selected. 

HTC versus ETC for 9 months 

Pathway Name 
Match 

Status 
p -log(p) FDR Impact 

Citrate cycle (TCA cycle) 1/20 1.89535E-08 11.12 2.88E-07 0.0401 

Sulfur metabolism 1/15 1.89535E-08 11.12 2.88E-07 0.0331 

Alanine. aspartate and 

glutamate metabolism 
1/22 1.89535E-08 11.12 2.88E-07 0.0 

Propanoate metabolism 1/20 1.89535E-08 11.12 2.88E-07 0.0 

Butanoate metabolism 1/17 1.89535E-08 11.12 2.88E-07 0.0 

Glycoly-

sis/Gluconeogenesis 
2/26 9.22275E-08 10.433 1.17E-06 0.0011 

Glyoxylate and dicarbox-

ylate metabolism 
2/29 3.4435E-07 9.861 3.74E-06 0.0028 

Fructose and mannose 

metabolism 
1/20 7.0045E-07 95.526 5.92E-07 0.0 

Amino sugar and nucleo-

tide sugar metabolism 
1/50 7.0045E-07 95.526 5.92E-07 0.0 

Galactose metabolism 2/27 6.8945E-08 75.594 5.24E-04 0.0754 

Nicotinate and nicotina-

mide metabolism 
1/13 0.10954 0.96041 0.18921 0.0202 

Nitrogen metabolism 1/12 0.17059 0.76805 0.24237 0.0 

Isoquinoline alkaloid 

biosynthesis 
1/6 0.22962 0.63899 0.24237 0.4118 

Tyrosine metabolism 1/18 0.22962 0.63899 0.24237 0.1657 

Phenylalanine. tyrosine 

and tryptophan biosyn-

thesis 

1/22 0.22962 0.63899 0.24237 0.0200 

Ubiquinone and other 

terpenoid-quinone bio-

synthesis 

1/35 0.22962 0.63899 0.24237 0.0 

Phenylpropanoid biosyn-

thesis 
1/35 0.22962 0.63899 0.24237 0.0 

Aminoacyl-tRNA biosyn-

thesis 
1/46 0.22962 0.63899 0.24237 0.0 
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Starch and sucrose me-

tabolism 
1/22 0.89896 0.04626 0.89896 0.0889 

 

HTC versus ETC for 15 months 

Pathway Name 
Match Sta-

tus 
p -log(p) FDR Impact 

Citrate cycle (TCA cycle) 1/20 3.40E-24 26.468 1.29E-22 0.0401 

Sulfur metabolism 1/15 3.40E-24 26.468 1.29E-22 0.0331 

Alanine. aspartate and 

glutamate metabolism 
1/22 3.40E-24 26.468 1.29E-22 0.0 

Propanoate metabolism 1/20 3.40E-24 26.468 1.29E-22 0.0 

Butanoate metabolism 1/17 3.40E-24 26.468 1.29E-22 0.0 

Glycoly-

sis/Gluconeogenesis 
2/26 2.24E-17 19.65 7.08E-16 0.0011 

Glyoxylate and dicarbox-

ylate metabolism 
2/29 1.35E-13 16.871 3.66E-14 0.0028 

Fructose and mannose 

metabolism 
1/20 1.28E-12 15.893 2.70E-12 0.0 

Amino sugar and nucleo-

tide sugar metabolism 
1/50 1.28E-12 15.893 2.70E-12 0.0 

Galactose metabolism 2/27 5.22E-10 13.283 9.91E-10 0.0754 

Starch and sucrose me-

tabolism 
1/22 2.33E-04 36.321 4.03E+00 0.0889 

Nitrogen metabolism 1/12 0.084765 10.718 0.13421 0.0 

Isoquinoline alkaloid 

biosynthesis 
1/6 0.22785 0.64236 0.2405 0.4118 

Tyrosine metabolism 1/18 0.22785 0.64236 0.2405 0.1676 

Phenylalanine. tyrosine 

and tryptophan biosyn-

thesis 

1/22 0.22785 0.64236 0.2405 0.0200 

Ubiquinone and other 

terpenoid-quinone bio-

synthesis 

1/35 0.22785 0.64236 0.2405 0.0 

Phenylpropanoid biosyn-

thesis 
1/35 0.22785 0.64236 0.2405 0.0 

Aminoacyl-tRNA biosyn-

thesis 
1/46 0.22785 0.64236 0.2405 0.0 

Nicotinate and nicotina-

mide metabolism 
1/13 0.71764 0.1441 0.71764 0.0202 

 

At Table S4 is presented the samples used for NMR analysis and respective raw da-

ta for percentage of starch at fresh root, starch at dried base, and cooking time. 

Table S4. Samples used for NMR analysis and respective raw data for percentage of starch at fresh 

root, starch at dried base, and cooking time. 

Samples 
Percentage of starch at fresh 

root 

Starch at dried 

base 

Cooking 

time 

20090213BI_9m_01 28 89.2 50 

20090213BI_9m_02 28 89.2 50 

20090213BI_9m_03 28 89.2 50 

20090213BII_9m_01 23.31 79.15 50 

20090213BII_9m_02 23.31 79.15 50 
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20090213BII_9m_03 23.31 79.15 50 

20090213BIII_9m_01 26.88 85.23 50 

20090213BIII_9m_02 26.88 85.23 50 

20090213BIII_9m_03 26.88 85.23 50 

20090216BI_9m_01 22.63 91.8 50 

20090216BI_9m_02 22.63 91.8 50 

20090216BI_9m_03 22.63 91.8 50 

20090216BII_9m_01 21.21 90.44 50 

20090216BII_9m_02 21.21 90.44 50 

20090216BII_9m_03 21.21 90.44 50 

20090216BIII_9m_01 26.7 93.69 50 

20090216BIII_9m_02 26.7 93.69 50 

20090216BIII_9m_03 26.7 93.69 50 

20090905BII_9m_01 25.49 90.74 50 

20090905BII_9m_02 25.49 90.74 50 

20090905BII_9m_03 25.49 90.74 50 

20090905BIII_9m_01 26 87.44 50 

20090905BIII_9m_02 26 87.44 50 

20090905BIII_9m_03 26 87.44 50 

20091220BI_9m_01 23.57 78.25 50 

20091220BI_9m_02 23.57 78.25 50 

20091220BI_9m_03 23.57 78.25 50 

20091220BII_9m_01 30.33 85.28 50 

20091220BII_9m_02 30.33 85.28 50 

20091220BII_9m_03 30.33 85.28 50 

20091220BIII_9m_01 25.25 65.48 50 

20091220BIII_9m_02 25.25 65.48 50 

20091220BIII_9m_03 25.25 65.48 50 

BrasilBI_9m_01 23.15 84.4 25.1 

BrasilBI_9m_02 23.15 84.4 28.1 

BrasilBI_9m_03 23.15 84.4 26.6 

BrasilBII_9m_01 24.33 84.14 33.1 

BrasilBII_9m_02 24.33 84.14 33.1 

BrasilBII_9m_03 24.33 84.14 33.1 

BrasilBIII_9m_01 22.93 84.75 48.3 

BrasilBIII_9m_02 22.93 84.75 50 

BrasilBIII_9m_03 22.93 84.75 49.15 

DouradaBI_9m_01 24.02 83.46 50 

DouradaBI_9m_02 24.02 83.46 46.3 

DouradaBI_9m_03 24.02 83.46 48.15 

DouradaBII_9m_01 26.18 82.53 50 

DouradaBII_9m_02 26.18 82.53 50 

DouradaBII_9m_03 26.18 82.53 50 

DouradaBIII_9m_01 24.31 83.62 50 

DouradaBIII_9m_02 24.31 83.62 50 

DouradaBIII_9m_03 24.31 83.62 50 

EucaliptoBI_9m_01 32.88 90.09 16.5 

EucaliptoBI_9m_02 32.88 90.09 16.2 

EucaliptoBI_9m_03 32.88 90.09 16.35 

EucaliptoBII_9m_01 33.17 91.94 28.4 

EucaliptoBII_9m_02 33.17 91.94 23.2 

EucaliptoBII_9m_03 33.17 91.94 25.8 

EucaliptoBIII_9m_01 33.45 89.88 20.4 
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EucaliptoBIII_9m_02 33.45 89.88 19.5 

EucaliptoBIII_9m_03 33.45 89.88 19.95 

SaracuraBI_9m_01 30.94 91.22 48.1 

SaracuraBI_9m_02 30.94 91.22 26.8 

SaracuraBI_9m_03 30.94 91.22 37.45 

SaracuraBII_9m_01 30.72 91.87 50 

SaracuraBII_9m_02 30.72 91.87 44.1 

SaracuraBII_9m_03 30.72 91.87 47.05 

SaracuraBIII_9m_01 31.97 95.73 50 

SaracuraBIII_9m_02 31.97 95.73 50 

SaracuraBIII_9m_03 31.97 95.73 50 

20090213BI_15m_01 30.58 85.81 38.4 

20090213BI_15m_02 30.58 85.81 38.4 

20090213BI_15m_03 30.58 85.81 38.4 

20090213BII_15m_01 30.38 83.6 28.5 

20090213BII_15m_02 30.38 83.6 28.5 

20090213BII_15m_03 30.38 83.6 28.5 

20090216BI_15m_01 24.1 70.37 32.1 

20090216BI_15m_02 24.1 70.37 32.1 

20090216BI_15m_03 24.1 70.37 32.1 

20090216BII_15m_01 28.5 77.04 38.4 

20090216BII_15m_02 28.5 77.04 38.4 

20090216BII_15m_03 28.5 77.04 38.4 

20090216BIII_15m_01 26.11 73.29 48.5 

20090216BIII_15m_02 26.11 73.29 48.5 

20090216BIII_15m_03 26.11 73.29 48.5 

20090905BI_15m_01 23.77 63.44 36.1 

20090905BI_15m_02 23.77 63.44 36.1 

20090905BI_15m_03 23.77 63.44 36.1 

20090905BII_15m_01 29.61 81.9 50 

20090905BII_15m_02 29.61 81.9 50 

20090905BII_15m_03 29.61 81.9 50 

20090905BIII_15m_01 25.71 72.07 50 

20090905BIII_15m_02 25.71 72.07 50 

20090905BIII_15m_03 25.71 72.07 50 

20091220BI_15m_01 33.15 81.1 42.6 

20091220BI_15m_02 33.15 81.1 42.6 

20091220BI_15m_03 33.15 81.1 42.6 

20091220BII_15m_01 30.77 72.94 50 

20091220BII_15m_02 30.77 72.94 50 

20091220BII_15m_03 30.77 72.94 50 

20091220BIII_15m_01 30.3 70.75 50 

20091220BIII_15m_02 30.3 70.75 50 

20091220BIII_15m_03 30.3 70.75 50 

BrasilBI_15m_01 28.97 88.27 19.4 

BrasilBI_15m_02 28.97 88.27 18.2 

BrasilBI_15m_03 28.97 88.27 18.8 

BrasilBII_15m_01 34.3 90.75 17.3 

BrasilBII_15m_02 34.3 90.75 14.3 

BrasilBII_15m_03 34.3 90.75 15.8 

BrasilBIII_15m_01 36.18 90.46 17.1 

BrasilBIII_15m_02 36.18 90.46 21.3 

BrasilBIII_15m_03 36.18 90.46 19.2 
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DouradaBI_15m_01 27.72 84.75 23.5 

DouradaBI_15m_02 27.72 84.75 18.2 

DouradaBI_15m_03 27.72 84.75 20.85 

DouradaBII_15m_01 28.99 83.71 27.4 

DouradaBII_15m_02 28.99 83.71 32.2 

DouradaBII_15m_03 28.99 83.71 29.8 

DouradaBIII_15m_01 26.19 84.51 35.4 

DouradaBIII_15m_02 26.19 84.51 24.3 

DouradaBIII_15m_03 26.19 84.51 29.85 

EucaliptoBII_15m_01 32.82 79.1 20.1 

EucaliptoBII_15m_02 32.82 79.1 16.5 

EucaliptoBII_15m_03 32.82 79.1 18.3 

EucaliptoBIII_15m_01 37.64 85.05 29 

EucaliptoBIII_15m_02 37.64 85.05 29.2 

EucaliptoBIII_15m_03 37.64 85.05 29.1 

SaracuraBI_15m_01 38.28 92.34 14.3 

SaracuraBI_15m_02 38.28 92.34 27.3 

SaracuraBI_15m_03 38.28 92.34 20.8 

SaracuraBII_15m_01 39.44 92.32 24.3 

SaracuraBII_15m_02 39.44 92.32 22.1 

SaracuraBII_15m_03 39.44 92.32 23.2 

SaracuraBIII_15m_01 39.2 91.34 26.5 

SaracuraBIII_15m_02 39.2 91.34 28.6 

SaracuraBIII_15m_03 39.2 91.34 27.55 
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