Index

a

abiotic stress 16, 156, 158

acetyl-coenzyme A (CoA) 44

acidic sugars 199

Agilent Triple-Axis QUAD detector 11

aglycones 199, 200

alanine 38, 39, 62, 319

alfalfa 227

algae 215, 217

— lipid research, 223

alkaloid hermidin biosynthesis 49

alkamides 156, 161, 162

alkylhydroxylamine reagents 9

AMDIS software 12, 13, 116, 134, 145, 146,
147, 330, 332

{-amyrin 24-hydroxylase (CYP93E1) 227

B-amyrin 30-hydroxylase (CYP72A154) 227

analysis of variance (ANOVA) 14, 89, 166,
262, 307, 308, 311, 313-315

antioxidants 197, 198

APCI. See atmospheric pressure chemical
ionization (APCI)

Arabidopsis heat shock protein (HSP) 18.2
terminator 233

Arabidopsis thaliana 255

leaves

—— mass spectrometric imaging 105, 106

—— optical image 107

— phytochemicals 184

arginine 290

artemisinin structures 47

AtMetExpress datasets 176

atmospheric pressure chemical ionization
(APCI) 161, 202, 203, 291

Automated Mass Spectral Deconvolution and
Identification System (AMDIS) 12, 13,
116, 134, 145-147, 325, 330, 332

415

b

batch-learning self-organizing map 177

bioactive phytocompounds 158

biodiesel 215, 217

biofuel 215

bioinformatics 5, 15, 95, 157, 207, 211

biological experiment setup 137

biological material 135

— Grapevine leaves, sampling and
quenching 139, 140

—— materials 139

—— procedures 139, 140

— grapevine plants and inoculation cultivation
with Phylloxera 136-138

—— infested root tips 139

—— inoculation with insects

—— materials 136, 138

—— plants setup 137

——plant tissue, sampling and quenching 138

—— procedures 136, 137, 138, 139

——sampling and quenching of root tips 138,

139

—— uninfested root tips 139

— leaf samples, milling and weighing  141-143

—— materials 141

—— procedures 141-143

— measurement, automated HS-SPME
extraction and GC-MS analysis 143-145

—— batch job analysis 146, 147

—— data processing with AMDIS 145, 146

—— GC method 144

—— in-house reference library 145, 146

—— materials 143

—— MS settings 144, 145

—— multivariate statistics 148

—— RI calibration file generation 146

—— SPME method 143

137,138

The Handbook of Plant Metabolomics, First Edition. Edited by Wolfram Weckwerth and Giinter Kahl
© 2013 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2013 by Wiley-VCH Verlag GmbH & Co. KGaA.



416

Index

—— statistics/chemometrics 147

—— univariate statistics 147, 148

— for metabolomic analysis 199, 200

— permanent breed of insects 135

— perspectives 149, 150

— plant tissue, milling and weighing 140

— root samples, milling and weighing 140, 141

—— materials 140

—— procedures 140, 141

— technology applications 148, 149

Bonferroni-Holm adjustment 281

boron trifluoride (BF;) 324

Box-Cox algorithm 310

tert-butyldimethylsilyl-derivatized amino acids
(TBDMS-amino) 31

c

caffeic acid 161, 199

caffeoylquinic acids

Calvin cycle 44

CAMERA analysis 291

CaMV35S promoter 229

capillary electrophoresis (CE)-MS 17, 199

carbon isotope distribution 30

centaurein 161

chemical communication 93, 107

chemical derivatization

— methoxymation and silylation 9

— of plant extracts, procedure 9, 10

chemical fingerprinting 158

chlorogenic acid 161

ChromaTOF software 86

chromatographic fingerprint 169

chromatographic separation techniques 4

cichoric acid 161

citrulline, spectrum and structure 290

13C-labeled internal standards (ISs) 84

13C-labeled metabolic intermediates 48

cloning vectors 230

13C-NMR spectroscopy 68

13CO, experiments 50, 51

collision-induced dissociation (CID)
MS/MS 95, 203

Comma Separated Values (CSVs) format 278

complex biological specimens. See also
biological material

— qualitative and quantitative analyses 77

complex biosynthetic pathways 45

compound libraries 294

— exact mass search 291

comprehensive two-dimensional gas
chromatography

— applications of technology 85-90

—— data analysis 85-88

161

—— literature 88, 89

—— perspectives 89, 90

— data processing 83

— metabolic fingerprinting 83, 84

— for metabolomics  77-90

— methods and protocols 81-85

—— first-dimension column 81

—— instrumentation 81

—— second-dimension column 81

— sample preparation and analysis

— selected metabolites, quantitative
analysis 84, 85

— TOF-MS parameters 82

continuous chromatogram 79

conventional bench-top GC-MS
instruments 89

correlation spectroscopy (COSY)
68, 168

COVAIN software 308

— adjusting outliers 310

— applications  314-320

— data preprocessing 308

— imputation of missing values

— perspective 320

— scaling methods 310

Crassocephalum rubens 161

CryoProbes 40, 41, 58, 72

Cryosectioning 97, 99

Cytoscape 181, 320

82, 83

42, 67,

308, 310

d

data acquisition 4, 11, 58, 60, 61, 79, 98, 104,
157, 177-179

data analysis 58, 61, 85, 112, 121, 134, 147,
169, 216, 305, 308, 310

— and statistics 14, 15

data matrix assembling 118

data preprocessing 83, 307-309, 313, 314

— commercial and free software packages 13

—and export 12-15

— on statistical analysis results, influences
of 313

——ANOVA 313

—— clustering 313

—— correlation coefficient 313

—— covariance 314

—— granger analysis

——variance 314

2D DOSY 'H-NMR technique 70

decision trees (DTs) 322

deoxyhexoses 199

derivatization 9

— chemical derivatization of plant extracts 9

— chemical derivatization reactions 10

313



— methods in GC-MS FAME analysis

— products 116

—reagents 10

— standards 82

desorption electrospray ionization (DESI) 95

1D'H-NMR spectroscopy 62, 63

— disadvantage 62

diffusion ordered spectroscopy (DOSY) 65,
69, 70

dilution principle 48

direct analysis in real time (DART)

disease resistance 248

DNA separation 131

DNA sequences 15

2D NMR spectroscopy 58, 63-70, 65

— COSY and TOCSY 67, 68

— diffusion ordered spectroscopy (DOSY) 69,
70

- HMBC and HMQC/HSQC 68, 69

— J-resolved spectroscopy  65-67

— magic angle spinning 70, 71

— NOESY/ROESY (CAMELSPIN) 69

— perspectives 71, 72

drought stress experiment 119

drought stress-responsive shoot
correlation 122

dry weight (DW) 119

dual-stage four-jet modulator 79

dual terminator (DT) fragment 233

dynamic headspace techniques 132

218

203

e

Echinacea angustifolia 169

Echinacea pallida 169

Echinacea purpurea 169

electron-capture detectors (ECDs) 79

electron impact ionization (EI) 4, 11, 31, 33,
116, 144, 163, 165, 223, 321

electron ionization (EI) fragmentation 115

electrospray ionization (ESI) 33, 162, 178,
202, 203, 210, 291

enzyme-catalyzed reactions 30

Ephedra 169

estrogen 198

f

FAME analysis 215

— applications 223

— bound and free fatty acids
— contaminants 219

— derivatization 219, 220
— extraction 216, 217

— GC-MS system 220

—— FAME reference mixture 224

217

Index

—— instrument and conditions 223

— identification 220

— perspectives 223

— pigments  217-219

— protocols 216, 221, 222

— quantification procedure

—— using C17:0 as an internal standard 222

— strategy by GC-MS 216

——workflow 216

fast metabolite quantification (FMQ) 68

fatty acid methyl esters 215

ferulic acid 199

fingerprinting 57

flame-ionization detectors (FIDs) 79

flavonoid glyconjugates 199

flavonoid glycosides 161, 199

flavonoids 197

— biological material, preparation of

—— for metabolomic analysis 199-201

— instrumental considerations 201-206

—isomeric 201

— metabolite profiling 199-201

— role and their derivatives in biological
systems 197-199

— structures 198

Flex Imaging software v2.1 103

fossil fuels 215

Fourier transformation 61

Fourier transform ion cyclotron resonance
(FT-ICR) mass spectrometer 4, 292

freeze-drying 131

fumarate calibration curves 87

g

galactolipids 161

gas analyzer 52

gas chromatography (GC)
215

gas chromatography—electron ionization mass
spectrometry (GC-EI-MS) 158

gas chromatography-mass spectrometry (GC-
MS) 4,6,10-12,62,111,131, 143,155,156

— data, procedure 11, 12

— experimental steps 6

— methanol extraction 164

— supercritical fluid extraction (SFE)

GCxGC data visualization 80

GC-GC setup scheme 78

GCXGC-TOF-MS chromatograms 85

GC-MS-based isotopologue profiling 31, 35

GC-MS-based metabolomics 15, 17

GC-TOF-MS instruments 11

Gene Expression Data 180

genes encoding sulfotransferases

4,31,77,78, 129,

163

175

417



418

Index

genetic alterations 16

genetic genomics 17

genetic linkage 255

genetic markers 157

genistein 198

genome sequencing 57

genome-wide association (GWA)
approach 255

— applications 267, 268

— biological question to be addressed 256

— candidate

—— gene selection 265, 266

—— gene validation 266, 267

— chemical class 256, 257

— chemistry to study 256

— computational platform to use for
analysis  261-265

- conducting

—— appropriate follow-up experiments

—— phenotype measurements 261

— domestication status 260

— extraction and detection platform 257, 258

260

— genotypic choices 258

— methods 256

— perspectives 268

— populations available 259, 260
— protocols 256

— species choices 258
ginkgolide structures 46, 47
ginseng products 53, 169

glucose

— isotopologue composition 44

— stable carbon isotopologues 26-28
glucosinolates 105, 175

glucuronic acid 199

Glycine max. See soybean
glycyrrhetinic acid 228, 229
Glycyrrhiza uralensis 227
glycyrrhizin 227, 228

GMD. See Golm metabolome database
GO categories 181

Golm metabolome database 321, 322

— applications 341, 342
— concept of chemical compound 323
— data entities 322, 324, 325

— decision tree (DT)-supported substructure
prediction 329

— interpreting mass spectral analysis
results  329-336

— mass spectral matching 326-329

— mass spectrum query submission and
analysis options 325, 326

— perspectives 341, 342

— roles of compounds 323

— text search queries 325
— web services 336-341

greenhouse experiments 129

h

hampers data analysis 86

headspace analysis 131

headspace extraction techniques

headspace (HS)-SPME 132

heavy metal 158

herbicide 158

hermidin biosynthesis 52

heteronuclear multiple bond correlation 68

heteronuclear multiple quantum coherence
(HMQC) 42, 65, 68

heteronuclear single quantum coherence
(HSQC) 42, 68, 69, 168

hexoses 199

hierarchical cluster analysis (HCA) 14

high chromatographic resolution 77

high-performance liquid chromatography
(HPLC) 4, 178

high-performance liquid chromatography
(HPLC) coupled with NMR
(HPLC-NMR) 157

high-performance liquid chromatography
(HPLC)-MS 33, 199

high-resolution *C NMR spectroscopy 38

high-resolution magic angle spinning
(HR-MAS) NMR spectroscopy 70

high-resolution spectra 70

high-throughput profiling 89

high-throughput tissue homogenizer 8

'H NMR-based metabolite profiling 16

'H-NMR chemical shifts 63

'H-NMR spectroscopy 63, 68, 70

— applications 64

holistic metabolic fingerprinting 80

homogenization 7, 8, 140, 142

homonuclear Hartmann-Hahn (HOHAHA)
experiment 68

HPLC-SPE-NMR data analysis

HR-MAS NMR spectroscopy 71

HS-SPME GC-MS-based metabolomics
methods 149

HumanMetabolome Database (HMDB)

30-hydroxy-11-oxo-f-amyrin 229

hyperforin

— formation 49

— structures 47

132

168

300

i
ICA. Seeindependent component analysis (ICA)
imaging data processing software 97



INADEQUATE experiments 43

independent component analysis (ICA)
307, 308, 312, 314

indium tin oxide (ITO)-coated glass slides 99

induced defense 127

in silico library search 294

integrated analysis workflow, of metabolome
and transcriptome data 176

isoflavones 198

isopentenyl diphosphate (IPP)/dimethylallyl
diphosphate (DMAPP) precursors 43

“isoprene rule” 45

isopropylidene/acetate derivative 53

isotopologue profiling 25

— applications  46-54

— carbohydrates 37

— determine isotopologues, methods and
protocols  31-46

— feature 30

— isotopologue data deconvolution 43-45

— mass spectrometry 31-35

— metabolic intermediates 34, 37

— metabolic space expanding by
retrobiosynthetic analysis 45, 46

— monosaccharides 35

— NMR spectroscopy 38—41

— perspectives 54

- plants 47

— polar products 37

— protein-bound amino acids 36

— protocols

——by GC-MS 36, 37

——byNMR 41-43

— stable carbon isotopologues of glucose
26-28

— TBDMS-amino acids 32

isotopomers 29

— quantification 32

119,

jacein 161
J-resolved technique 61, 65, 67

k

kaempferol 3-O-rhamnosyl-(1!6)-
galactoside 161

K-prototype profiles 276

)

laser ablation electrospray ionization
(LAESI) 96

laser microdissection (LMD) methods 96

LC-SPE-NMR methods 158

— sample preparation 167, 168

Index

LDI imaging method 105

LECO ChromaTOF software 83

licorice 227

licorice f-amyrin 11-hydroxylase
(CYPS8D6) 227

limit of detection (LOD) 84

linkage disequilibrium (LD) 255

lipoxygenase (LOX) pathway 148

liquid chromatography (LC) 4, 159, 201,
211, 248

liquid chromatography-electrospray ionization
mass spectrometry (LC-ESI-MS) 158

liquid chromatography-mass spectrometry

(LC-MS) 4, 62, 111, 149, 155, 161
— autosampler 160
— based shotgun proteomics 89
—data file 98

— metabolome analysis with 156, 157
liquid extraction surface analysis (LESA) 96
liquid nitrogen 130

lithium dihydroxybenzoate matrix 101
lower limit of quantification (LLOQ) 86
low-temperature probes 58

m

magic angle spinning 70, 71

magnetic resonance imaging (MRI) 71

MALDI imaging experiments 98, 101, 203

MALDI mass spectrometric imaging of plants

— Bruker ultraflex instruments  103-104

— cryosectioning  99-100

— data acquisition 97, 98

— data processing 98

— ImagePrep 101-102

- imaging intact tissues and objects  105-108

— MALDI-MS imaging measurement 103, 104

— matrix deposition 100-103

— methods and protocols  99-104

— negatively charged molecules, matrix
application 100, 101

— neutral lipids, matrix application 101

— paintbrush 100

— perspectives 109

— sample preparation 96, 97

——and handling 99, 100

— sublimation 102-103

— Waters MALDI Micro MX 104

MALDI matrix 96, 97, 105

MALDI micro MX mass spectrometer

MALDI-MS imaging 98, 108

MALDI stainless-steel target plate 100

MALDI-TOF mass spectra 98, 101, 106, 107

malonic acid 199

marker-assisted selection (MAS)

104

248

419



420

Index

MarkerLynx 281

MarVis tool 277

MassBank 300-302

mass spectral tags (MSTs)

— databases 249

mass spectrometry (MS)
111, 129, 215

mass spectrometry imaging (MSI) methods
93-95, 97, 98, 100, 103, 107, 108

— principles 94

mass-to-charge ratio (m/z)

MATLAB 84,112, 118, 314

Matrix Analyzer 14

Medicago sativa 227

Medicago truncatula root and shoot
metabolomics 111-122

— buffers and chemicals 112, 113

- data mining 119

— derivatization 115

— equipment and software 112

- extraction 114, 115

— GC-MS setup for analysis 115, 116, 120

— metabolite identification and quantification,
data matrix processing 116-118

— methods and protocols 112-119

321

3,4,29,77,93, 105,

111, 275

— perspectives 121, 122
— plant material and harvest 113, 114
— technology, applications 119-121

medicinal properties, of herbs 168

MetaboAnalyst 157

metabolic cycle 131

metabolic fingerprinting 83, 84

— data processing flowchart 85

metabolic fluxes 25

— determination 25

metabolic network 30

— comprehensive analysis 54

metabolic profiling

— methods and protocols

— perspectives 17, 18

— plants by GC-MS  3-18

— sample preparation 7-9

—— chemical derivatization, methoxymation
and silylation 9

—— chemical derivatization of plant extracts,
procedure 9, 10

—— data analysis and statistics 14, 15

—— data preprocessing and export 12-15

—— GC-MS analysis 10-12

—— homogenization and extraction 7, 8

—— polar extraction of metabolites,
procedure 8,9

—— postacquisition data analysis
procedure 15

7-15

—— postacquisition data preprocessing

procedure 12-14
——sampling 7
— technology applications 15-17
metabolites

— annotation and identification of 290, 291

— annotation tool 177

— based clustering 275

— CAMERA analysis 291

— elemental composition from MS  292-294

— levels of identification, with levels of
confidence 289, 290

- profiling  199-201

—— advantages 249

— reference spectral library 299-302

— in silico library search  294-299

— structural classes 4

metabolome analysis, of plant secondary
metabolites 177

— application of other data mining
techniques 183

— batchlearning self-organizing map, data
visualization by 183, 184

— BL-SOM analysis 180

— correlation analysis 181, 182

— data acquisition 178, 179

— data mining 180

— integrated analysis of transcriptome

—— advantages 186, 187

— metabolome (AtMetExpress) data 185

— perspectives  187-190

— preparation of combined data matrix 180

— preparation of metabolite accumulation
data 179, 180

— principal component analysis

— sample preparation 177

metabolome data

— acquisition 177

— integrated analysis workflow 176

metabolomics 3, 57, 111, 155

— applications 168, 169

— common biological questions in  305-308

— data interpretation 157

—equipment 159, 160

— GC-MS parameters and analysis

— in herbal medicine research 169

— HPLC—photodiode array (PDA) MS 161, 162

— HPLC-SPE-NMR data analysis 168

— LC-MS and GC-MS data analysis 161,
165, 166

— LC-SPE-NMR analysis 166, 167

— methods and protocols, for metabolite
profiling 158

— perspectives 169, 170

185

183

162-165



— plant extract preparation 163, 164

— project 5

—reagents 158, 159

— sample handling for medicinal plants

— sample preparation

—— for LC-MS analysis 160, 161

——and LC-SPE-NMR analysis

— workflow 129

metabolomics-assisted plant breeding
247-249

— applications  251-253

— methods  249-251

— perspective 253, 254

Metabolomics Standards Initiative
(MSI) 289

metaP-Serve 157

MetFrag system  294-299

MetFrag Web application 296

methoxylamine hydrochloride

methoxymation 9

N-methyl-N-(tert-butyldimethylsilyl)
trifluoroacetamide (MTBSTFA) 9, 36

2-C-methyl-D-erythritol ~ 4-phosphate (MEP)
pathway 148

N-methyl-N-(trimethylsilyl)trifluoroacetamide
(MSTFA) 9, 37, 82, 112

Metlin database 300

mevalonate (MEV) 148

— pathway 46, 47

MPS2XL GC-MS autosampler 9

multidimensional gas chromatography
(MD-GC) 78

MultiExperiment Viewer (MeV) 183

multiple *C-labeled glucose isotopologues

— 3C NMR signatures 40

160

167, 168

115

multiple headspace extraction (MHE) 133

multivariate statistical methods 177, 312

— clustering 312, 313

— independent component analysis 312

— principal component analysis 312

2 MYB transcription factors 175

n

National Institute of Standards and Technology
(NIST) 12, 132

natural products 30, 44

Nd:YAG lasers 95

network Common Data Form (NetCDF)
format 179

network-level analysis 313

— network inference 313

— network mapping 313

N-fertilized metabolites

N-fixing plants 119

121

Index

nicotine

— biosynthesis 50

— isotopologue profiles 47

NIST retention index 117, 118

N-methyl-N-bis(trifluoroacetamide)
(MBTFA) 324

N-methyl-N-trimethylsilyltrifluoroacetamide
(MSTFA) 324

N, O-bis(trimethylsilyl)trifluoroacetamide
(BSTFA) 324

nocturnal rhythm 130

nonsupervised statistical method 148

nonvolatile metabolites 31

nopaline synthase terminator (NOS)
228

nuclear magnetic resonance (NMR) 4

— based plant metabolomics 62

—— sample preparation protocols 59

— metabolomic analysis 65

— signal patterns 38, 41

— spectroscopy 29, 35, 40, 57-72, 58, 155,
156, 157, 289

——development 72

nuclear Overhauser enhancement (NOE) 69

nuclear Overhauser enhancement
spectroscopy (NOESY) 42, 69, 168

o

oligosaccharides 163, 199

one-dimensional SOMs (1D-SOMs)

— active prototype/marker plot 284

— applications  281-286

— cluster analysis 280, 281

— clustering  277-280

— data import 277

— marker scatter plot 284

— perspectives 286

— representation of marker candidates
282-284

— visualization 276

— WT/AcsnE data set 285

optimal cutting temperature (OCT)
compound 97

Orbitrap analyzer 95

organic acids  3-5, 58, 62, 68, 88, 111, 119,
121, 156, 251, 324

overlapping peak 77

2,3-oxidosqualene, 227

11-oxo-B-amyrin 233

276

p
P450 genes 233

parallel factor analysis (PARAFAC) 88
partial least squares (PLS) 15

421



422

Index

partial least squares-discriminant analysis
(PLS-DA) 58

partition chromatography 4

PCA. See principal component analysis (PCA)

p-coumaric 199

Pearson correlation coefficients (PCCs) 181

PEG oligomers 103
pentasaccharides 199
pentoses 199

perfluorotributylamine (PFTBA) 144

perlite—vermiculite mixture 113

phenolics 161

phenylpropenoic acids 199

phosphodiesterase-5 (PDE-5) inhibitors 70

phosphoenolpyruvate (PEP) 45

photobioreactors 215

photodiode arrays (PDAs) 289

photosynthetic fixation products 48

photosynthetic photon flux density (PPFD) 48

phylloxera 135

phytomedicines 170

PhytomicsQC platform 169

phytopreparations 170

plant breeding 247

— natural variations, of species 248

— technology, for monitoring and selection for
traits 248, 249

plant-derived extracts 17

plant-insect interactions See. volatile
metabolome

plant metabolite analysis 5

— sample preparation for 7

— strategies for 3

plant metabolite profiling 6, 10

— applications 6271

— data acquisition 60, 61

— data analysis 61

— 1D'"H-NMR spectroscopy 62, 63

— 2D NMR spectroscopy 63-70

— homogenization and polar extraction 8

— J-resolved spectroscopy 61

— methods and protocols 59-61

— nuclear magnetic resonance spectroscopy
for 57-72

- sample preparation 59, 60

——drying 60

—— extraction 60

—— harvesting plant material 60

— standard "H-NMR spectroscopy 61

plants

— chemical profiling, sampling strategies 97

— chromatogram 14

— MALDI mass spectrometric imaging
93-108

— metabolic composition 3

— metabolome analysis 71, 156

—— secondary metabolites 177, 178

— proteome 58

plasmid construction

— in multi-gene transformation 233

—— application of technology, 242 243

—— perspectives 243

—— primers used for 234, 235

- pHSG299 CSPS 355-CYP72-DT2 237

— pHSG299 CSPS 35S-CYP88-DT 236, 237

— pHSG299-CYP93(RNAI)-DT 238, 239

— pUHR KS CSPS Thsp 236

— pUHR KS CSPS Thsp-CYP88-CYP72-CYP93
(RNAQ) 239

— three-key P450 genes, construction of 229

polar metabolites 8, 9, 149

polystyrene boxes 140, 141

portable *CO, incubation unit

— schematic drawing 52

postacquisition data

— analysis procedure 15

— preprocessing procedure 12-14

postgenomics technology 156

principal componentanalysis (PCA) 8,14, 15,
58, 61, 88, 119, 134, 147, 148, 168, 276, 308,
311, 312, 315, 316, 320

programmed temperature vaporization (PTV)
injector 81

proof-of-principle experiment 53

protein-bound amino acids 31

pulse—chase experiments 49

q
QC samples 145

QSTAR QqTOF instrument 292

quadruplicate metabolome data 177

quality control (QC) samples 130

quantitative mass (QM) 117, 118

quantitative trait loci (QTLs) analysis 16

quercetin 3-O-rhamnosyl-(1—6)-
galactoside 161

r

radiofrequency (RF) 11
RAMP energy mode 294
rapid oxidative reaction (ROS)
README.txt file 277
reference spectral library 299-302
regression analysis 87

relative isotope abundance (RIA) 292
relative standard deviation (RSD) 86
retention index (RIs) 5, 134, 321

— calibration file 146

109



retention time (RT) 5, 111, 117, 118, 275

retention time index (RI) systems,
calculations 12

retention time locking (RTL) 11

retrobiosynthetic analysis, of metabolic
intermediates 46

reverse-phase liquid chromatography
(LC)-high-resolution MS 157

RIKEN Metabolomics web site 179

rotating frame Overhauser enhancement
spectroscopy (ROESY) 69

rutin 161

s

sample handling, for medicinal
plants 160

sample matrix 80

sample preparation 7, 12, 58, 59, 60, 77, 80,
96-97, 128-131, 177, 249

—and analysis 82

- drying 60

— extraction 60

—and handling 99

— harvesting plant material 60

— for LC-MS analysis 160

— and LC-SPE-NMR analysis

— strategies 97

secondary ion mass spectrometry
(SIMS) 95

selected ion chromatograms (SICs) 104

selective reaction monitoring (SRM) 115

self-organization mapping (SOM) 15, 276

signal-to-noise ratio (S/N) value 83, 311

silylation 9

SIMCA-P software 61

sinapinic acid 199

single-cell imaging 96

single ion monitoring (SIM) 33

single nucleotide polymorphisms (SNP)
technology 248

SIRIUS software 292, 294, 298

— advantages 295

— applications

—— with isotope analysis of vitexin-2-O-

rhamnoside 293, 294

— fragmentation tree of citrulline 295

software packages, SIMCA-P+ and
SAS 157

solid-phase microextraction (SPME)
132-134, 143, 145, 149

— efficiency 133

— fiber coatings 133

solvents description 113

soyasapogenol B biosynthetis

167

228

Index

soyasaponin I 227, 228

soybean 227

— conditions of particle bombardment

— transformation by particle
bombardment 239, 240

— transgenic plants, selection and generation
of 240, 241

specific quality parameters 157

SPME. See solid-phase microextraction (SPME)

stable isotope-labeled compounds 8

Staedtler Triplus gel-liner 100

standard chromatogram 88

standard '"H-NMR spectroscopy 61

starch biosynthesis 46

static headspace extraction 132

stationary *CO, incubation chamber 49

stereo-microscope 100

stir-bar sorptive extraction (SBSE)

stress tolerance 248

sublimation 102-103

sucrose isotopologue profiling 53

super-long-range COSY experiment 67

systematic acquired resistance (SAR) 67

systemic defense 127

240

132, 134

t

tandem mass spectra 158

target component library (TCL) 14

time-of-flight (TOF) mass spectrometers 79,
95, 115, 161

total correlation spectroscopy (TOCSY) 67

total ion current (TIC) chromatogram 81

traditional Chinese medicine (TCM) 168

— quality control 169

transcriptome data 180, 181, 187, 189

— integrated analysis workflow 176

triterpene aglycone -amyrin 227

triterpene glycone

— GC-MS analysis for 241, 242

— GC-MS conditions 242

triterpene saponin glycones 227, 228

tri-tert-butyldimethylsilyl (TBDMS)
derivatives 9

trifluoroacetic acid (TFA) 101

trimethylchlorosilane (TMCS) 9

TriPlus autosampler 116

t-test 14

two-dimensional gas chromatography
77,78

u

ultra performance liquid chromatography
(UPLC) 178, 281

ULTRA-TURRAX tissue homogenizers 7

423



424 | Index

uni- and bivariate statistical methods 311 — GC-MS, headspace extraction and
- ANOVA 311 measurement 131, 132
— correlation coefficients 311 — methods and protocols 135-148
— Granger causality analysis 311, 312 — perspectives, 149, 150
unscrambler statistical software — plant material, sampling and
(CAMO) 15 quenching 130, 131
urea cycle 290 — sample preparation 131
- sampling, quenching, and sample
v preparation 130, 131
vitamin E 256 — significance 128
vitexin-2-O-rhamnoside, spectrum and — solid-phase microextraction (SPME)
structure 291 132-134
volatile metabolome 135 volatile organic compounds (VOCs) 128, 149
— biological experiments, settingup 129, 130
— biological interpretation 135 w
— biological material 135 web-based metabolomic data tools 15
— data analysis 134
— data handling 134, 135 X

— data processing 134 XCMS Online server 291



