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Figure S1. The method for sample collection and sample panel involved in this study. (A) 
Developmental stage identifications and sample collections were performed according to Hardin 
et al. (2013). The diagram shows how the shoot, rhizome and root tissues were collected from 
the plants at the transition- or reproductive-phase. The entire above- or below-ground parts were 
collected for the plants at the vegetative-phase. (B) The sample panel in this study contains six 
switchgrass cultivars, three tissue types and three developmental stages. Rhizomes were not 
collected for the plants at the vegetative-phase, due to the small size. In total, there are 48 
samples groups in this study. 



 

 

Figure S2. Significance analysis for the differentially accumulated features (DAFs) between 
the upland and lowland switchgrass ecotypes for each given tissue type x development stage 
combination. (A) Shoot x Transition phase. (B) Rhizome x Transition phase. (C) Root x 
Transition phase. (D) Shoot x Reproductive phase. (E) Rhizome x Reproductive phase. (F) Root x 
Reproductive. The horizontal dash line stands for the adjusted p-value = 0.05. Vertical dash lines 
stand for the log2 value of the fold-change = 2.  Metabolite symbols are color-coded based on 
relative mass defect (RMD) analysis. 
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Figure S3. The six-point instrument response curve over a range of 6 – 192 mg/ml by serial 
dilution of the diosgenin standard. (A) Extracted ion (m/z 139) chromatograms of duplicate 
standard injections from the standard concentration series (6, 12, 24, 48, 96 and 192 g/ml). One 
major (DS2) and three minor (DS1, DS3 and DS4) diosgenin standard derived peaks (due to the 
sample treatment, Materials and Methods) were identified. Areas for the four peaks were 
combined when plotted against the concentration. (B) Reproducibility and linearity (B, r2 > 0.97) 
of the method.  
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Figure S4. Sapogenin aglycone peaks identified in switchgrass extracts by (EI) GC-MS. (A) 
+(EI) GC-MS total ion chromatograms (TICs) of the extracts of Dacotah leaf (dark blue), 
Dacotah root (blue), Alamo leaf (red), Alamo root (orange) as well as a diosgenin standard 
sample (black) and an n-alkane standard mixture (gray) containing n-triacontane (C30), n-
dotriacontane (C32) , n-tetratriacontane (C34) and  n-hexatriacontane (C36) that was used for 
calculating the RIs. The identified potential sapogenin peaks in the switchgrass and standard 
samples are indicated and aligned by the dashed lines. Note that the D1, D3 and D4 peaks 
detected in switchgrass samples have slightly different RTs from the DS1, DS2 and DS3 peaks 
detected in the diosgenin standard sample (black). (B) The (EI) GC-MS spectral pattern 
(upper/red) for each potential sapogenin peak. The abundant fragment ions for each peak are 
listed in Table 2. The best NIST library matches (lower/blue) for the EI spectral patterns of the 
detected sapogenin peaks, based on the highest reverse match scores, are shown.  
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Figure S5. Biplot of the PCA in Fig. 3C showing differential accumulations of the 
specialized metabolites among the four sample groups (upland shoot, upland root, lowland 
shoot and lowland root). For an easier visualization, the biplot was separated into an upper 
panel for sesquiterpenoids, diterpenoids and flavonoid glycosides (A) and a lower panel for 
saponins (B). The saponins from different classes were colored to match with the color schemes 
in Fig 4A and Table S21 (Red, D-415-SCG; Purple, D-415; Dark blue, D-431-SCG; Blue, D-
431; Orange, D-417-SCG; Green, D-457; Yellow, D-473) For the class names, the letter 

m/z value of aglycone fragment ion detected by 
positive mode MS . The metabolites further away 
from the center are more preferentially accumulated in certain tissue types and/or ecotypes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S6. Mass spectra of the switchgrass saponin SS1031 analyzed by high resolution ES+ LC-
MS using DDA mode. MS function: 1. survey scan; 2. DDA scan (MS/MS). The integer values of the 
MS neutral mass losses are labeled (18, loss of one molecule of water; 146, loss of one molecule of 
deoxyhexose; 162, loss of one molecule of hexose). See Table S14 for additional details. 

 

 

 

 

 

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450

0

100

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450

0

100 2: TOF MSMS 1031.61ES+ 
768

1031.5508

253.1940

253.1777129.0584

119.0948
147.0669

157.1025
199.0416

869.4916271.2091

415.3192

275.1069 397.3150
815.4489

725.3766577.3599 687.3805
591.4023 869.3348

1011.5657
1031.8859

1031.9646

1: TOF MS ES+ 
4.61e5

1031.5442

1212.6371

1177.6006

1066.5824

1140.1129

162

146 + 146
162

Core

[M+H-H
2
O]+

[M+H-H
2
O]+



Figure S7. Mass spectra of the switchgrass saponin SS1032 analyzed by high resolution ES+ LC-
MS using DDA mode. MS function: 1. survey scan; 2. DDA scan (MS/MS). The integer values of the 
MS neutral mass losses are labeled (18, loss of one molecule of water; 146, loss of one molecule of 
deoxyhexose; 162, loss of one molecule of hexose). See Table S14 for additional details. 
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Figure S8. Mass spectra of the switchgrass saponin SS1064 analyzed by high resolution ES+ LC-
MS using DDA mode. MS function: 1. survey scan; 2. DDA scan (MS/MS). The integer values of the 
MS neutral mass losses are labeled (18, loss of one molecule of water; 146, loss of one molecule of 
deoxyhexose; 162, loss of one molecule of hexose). See Table S14 for additional details. 
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Figure S9. Mass spectra of the switchgrass saponin SS10244 analyzed by high resolution ES+ LC-
MS using DDA mode. MS function: 1. survey scan; 2. DDA scan (MS/MS). The integer values of the 
MS neutral mass losses are labeled (18, loss of one molecule of water; 146, loss of one molecule of 
deoxyhexose; 162, loss of one molecule of hexose). See Table S14 for additional details. 

 

 

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450

0

100

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450

0

100

2: TOF MSMS 1244.72ES+ 

413

413.3041

251.1801

129.0561107.0833
147.0669

212.1558

413.2791
293.1153

395.3075309.1216

343.1756

1209.5905

431.3230
1029.5283593.3389

575.3123

497.3371455.1867

1029.5153901.4200593.3788
721.4211703.3836 867.4662801.5373

984.7994
901.7640

1209.5549

1209.5336
1180.55751047.5498

1209.6118

1: TOF MS ES+ 

5.79e4

1244.6272

1209.5905

570.2554
553.2302

391.1743 755.4241666.3400613.8157
614.3175686.8443

1245.6304

1390.69121246.6340

1260.6259
1391.6981

Dehydrated core

Core

162
162 + 146 

146
162

[M+H]+

[M+H]+

[M+NH4]
+

18



Figure S10. Mass spectra of the switchgrass saponin SS1050 analyzed by high resolution ES+ LC-
MS using DDA mode. MS function: 1. survey scan; 2. DDA scan (MS/MS). The integer values of the 
MS neutral mass losses are labeled (18, loss of one molecule of water; 146, loss of one molecule of 
deoxyhexose; 162, loss of one molecule of hexose). See Table S14 for additional details. 
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Figure S11. Mass spectra of the switchgrass saponin SS1254 analyzed by high resolution ES+ LC-
MS using DDA mode. MS function: 1. survey scan; 2. DDA scan (MS/MS). The integer values of the 
MS neutral mass losses are labeled (18, loss of one molecule of water; 146, loss of one molecule of 
deoxyhexose; 162, loss of one molecule of hexose). See Table S14 for additional details. 
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Figure S12. Mass spectra of the switchgrass saponin SS1089 analyzed by high resolution ES+ LC-
MS using DDA mode. MS function: 1. survey scan; 2. DDA scan (MS/MS). The integer values of the 
MS neutral mass losses are labeled (18, loss of one molecule of water; 146, loss of one molecule of 
deoxyhexose; 162, loss of one molecule of hexose). See Table S14 for additional details. 
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Figure S13. The key COSY (red, bold) and HMBC (blue arrow) correlations for the 
aglycone of the switchgrass saponin SS1031. 

 

 

 

 

 

 



 

Figure S14. 1H NMR spectrum for the intact molecule of the switchgrass saponin SS1031. 

 

 

 

 



 

Figure S15. gCOSY 1H-1H NMR spectrum for the intact molecule of the switchgrass 
saponin SS1031. 

 



 

 

Figure S16. gHMBCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1031. 

 

 



 

 

Figure S17. gHSQCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1031. 

 

 



 

 

Figure S18. gTOCSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1031. 

 

 

 

 



 

 

Figure S19. DEPT-Q (13C) NMR spectrum for the intact molecule of the switchgrass 
saponin SS1031. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S20. The key COSY (red, bold) and HMBC (blue arrow) correlations for the 
aglycone of the switchgrass saponin SS1032. 

 

 

 

 

 



 

 

Figure S21. 1H NMR spectrum for the intact molecule of the switchgrass saponin SS1032. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S22. gCOSY 1H-1H NMR spectrum for the intact molecule of the switchgrass 
saponin SS1032. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S23. gHMBCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1032. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S24. gHSQCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1032. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S25. gTOCSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1032. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S26. DEPT-Q (13C) NMR spectrum for the intact molecule of the switchgrass 
saponin SS1032. 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S27. The key COSY (red, bold) and HMBC (blue arrow) correlations for the 
aglycone of the switchgrass saponin SS1244. 

 

 

 

 

 

 

 



 

 

Figure S28. 1H NMR spectrum for the intact molecule of the switchgrass saponin SS1244. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S29. gCOSY 1H-1H NMR spectrum for the intact molecule of the switchgrass 
saponin SS1244. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S30. gHMBCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1244. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S31. gHSQCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1244. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S32. gTOCSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1244. 

 

 

 

 

 

 

 

 

 



 

 

Figure S33. DEPT-Q (13C) NMR spectrum for the intact molecule of the switchgrass 
saponin SS1244. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S34. The key COSY (red, bold) and HMBC (blue arrow) correlations for the 
aglycone of the switchgrass saponin SS1064. 

 

 

 

 

 

 



 

 

Figure S35. 1H NMR spectrum for the intact molecule of the switchgrass saponin SS1064. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S36. gCOSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1064. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S37. gHMBCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1064. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S38. gHSQCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1064. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S39. gTOCSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1064. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S40. DEPT-Q (13C) NMR spectrum for the intact molecule of the switchgrass 
saponin SS1064. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S41. The key COSY (red, bold) and HMBC (blue arrow) correlations for the 
aglycone of the switchgrass saponin SS1050. 

 

 

 

 

 



 

 

Figure S42. 1H NMR spectrum for the intact molecule of the switchgrass saponin SS1050. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S43. gCOSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1050. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S44. gHMBCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1050. 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S45. gHSQCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1050. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S46. gTOCSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1050. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S47. DEPT-Q (13C) NMR spectrum for the intact molecule of the switchgrass 
saponin SS1050. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S48. The key COSY (red, bold) and HMBC (blue arrow) correlations for the 
aglycone of the switchgrass saponin SS1254. 

 

 

 

 

 

 

 



 

 

Figure S49. 1H NMR spectrum for the intact molecule of the switchgrass saponin SS1254. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S50. gCOSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1254. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S51. gHMBCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1254. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S52. gHSQCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1254. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S53. gTOCSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1254. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S54. DEPT-Q (13C) NMR spectrum for the intact molecule of the switchgrass 
saponin SS1254. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S55. The key COSY (red, bold) and HMBC (blue arrow) correlations for the 
aglycone of the switchgrass saponin SS1089. 

 

 

 

 

 

 



 

 

Figure S56. 1H NMR spectrum for the intact molecule of the switchgrass saponin SS1089. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S57. gCOSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1089. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S58. gHMBCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1089. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S59. gHSQCAD NMR spectrum for the intact molecule of the switchgrass saponin 
SS1089. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S60. gTOCSY NMR spectrum for the intact molecule of the switchgrass saponin 
SS1089. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S61. DEPT-Q (13C) NMR spectrum for the intact molecule of the switchgrass 
saponin SS1089. 

 



 

 

Figure S62. The (CI) GC-MS spectral patterns of the sapogenin peaks detected in the standard and 
switchgrass samples. The key precursor ions for each TMS derivatized sapogenin peak were documented 
in Table 2. 
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Figure S62 (continued).
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Figure S62 (continued).
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Figure S62 (continued). 
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