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Table S1. Drought impacts on higher plant metabolism.

Species Site and Metabolic Pathways Metabolic
Ne Bibliographic (Organs Treatn?ent/Gr Metabolic Statistical Methods Bioinformatic Tools and/or Metabolites Pathways a.ndlor
Data Studied) adient Platform Up-reeulated Metabolites
Conditions p-1es Down-regulated
Foito et al. (2009
oito etal. ( ) Lolium Water L. . Glucose, raffinose,
Plant erenne manipulation GC-MS Multivariate analyses in AMDIS™, fructose, trehalose Fatty acids
Biotechnology p manip Genstat version 9.2.0.153 XCALIBUR™ ’ ’ Y
(leaves) in greenhouse maltose
Journal
Cramer et al. Vitis Water Malate, chloride Succinate
(2007) Functional . . . ANOVAs of all . ’ ’
2 . vinifera manipulation GC-MS ) . proline, phosphate, fumarate,
Integrative . determined metabolites
. (leaves) in greenhouse glucose aspartate, sucrose
Genomics
PERMANOVA
(PERMANOVA+ for
A 1 1D 2D  PRIMER v.6). ANOVA lyphenoli
. Erica ate.r SUPPY and MER v.6). ANOVAs, TopSpin 1.3 (Bruker POTYPREROTE
Rivas-Ubach et , manipulation HNMR post hoc tests, PCAs, - compounds, quinic
3 multiflora L . Biospin), AMIX . .
al. (2012) PNAS in field spectroscop ~ Kolmogorov-Smirnov L acid, tartaric acid,
(leaves) .. s (Bruker Biospin) )
conditions y tests, and discriminant and choline
analyses with Statistica
v8.0 (Statsoft)
-o-glucose, sucrose,
Water suppl LC-MS PERMANOVA adenine,
Rivas-Ubach et Quercus mani ulzifoz 1D and 2D (PERMANOVAH+ for polyphenols, -Arginine,
4 al. (2014) New ilex inpfiel q TH NMR PRIMER v.6). PCA and MZMINE 2.10 phenolic acids, alanine,
Phytologist (leaves) conditions spectroscop  PLS-DA with mixOmics quinic acid, catechin, pyridoxine
y package of R chlorogenic,
epicachetin
llo- i H -Phenilalani A -Tartat
Gargallo-Garriga olcus Water supply The PCASs were en% a amne,.S , artate,
et al. (2014) lanatus . : LC-MS . . thymine, adenine, pyruvate,
L manipulation performed with TopSpin 3.1 software . . .
Scientific Reports and . . . . uracil, catequin, Jasmonic acid,
in semi- mixOmics package of R.

(2015)

Alopecurus

galangin (in roots).

indol acatic,




pratensis natural PERMANOVA, PLS, Choline, pyruvate, ocimene,
(roots and grassland and CIM (clustered caffeic acid, kaemphenol
shoots) image maps) were also quercitin, sabinene, (roots). Valine,
conducted with R ocimene (shoots) tryptophan,
threonine,
leucine, proline,
isoleucine,
alanine, glutamic
acid, glycine
betaine, malic
acid, JA, indol
acetate, vainillic
acid, hexose,
manosa, uracil,

uridine
Shi et al. (2015) Cumodon Water suopl ANOVAs of all
Journal of Y . pP Y GC-TOF- determined metabolites = mass spectral libraries  -Aspargine, ascorbic -Gluconic acid,
. dactylon manipulation . . . L
Experimental . MS comparing control vs (NIST 2005) acid, galactinol pantotenic acid
(leaves) in greenhouse
Botany treatments
-Succinic acid,
chlorogenic acid,
. malic acid, gallic
Rivas- h et
IV:IS (I;(t))fg) ¢ Water suppl PERMANOVA acid, pyruvate, citric
Pers .ectives i Quercus mani ulz}g}or}i LC-MS (PERMANOVA+ for acid, hexoses,
P ilex . p. PRIMER v.6). PCA and MZmine2.12 pentoses, quercitin,
Plant Ecology, in field . . .
. (leaves) .\ PLS-DA with mixOmics tryptophan, a-
Evolution and conditions .
) package of R humulene, luteolin,
Systematics
kaempferol,
epigallocatechin,
catechin, lactic acid
Nakabayashi et Water supply -Glycosides of
al. (2014) Plant ~ Arabidopsis ~ manipulation = LC-QTOEF- I?CA was performed MassLynx ver. 4.1 kaempferol,
. . . . with the SIMCA-P 11.5 )
Signaling thaliana in pot MS (Waters) quercetin, and
. L software
Behaviour conditions

cyanidin, proline,




raffinose, galactinol,

anthocyanins
ANOVAs of all
determined metabolites -Hydroxycinnamic
Piasecka et al Water supply comparing control vs esters of flavones, 7-
j Hordeum manipulation treatments, PCA with Genstat 18 (VSN O-glycosides and
9 2017 The Plant . LC-MS/MS . . . . .
vulgare in pot hierarchical bi- International, 2015) acylated glycosides
Journal . .
conditions clustering of RILs and of flavones,
traits (with the function chlorogenic acid
heatmap? in R)
ANOVAs of all
determined metabolites
comparing control vs .
Wat 1 F
Ye et al. (2016) a (?r supP Y treatments (SPSS 13.0 . 1BUres wgre
. . Cynodon manipulation GC-TOF- ) . displayed using the -Sucrose, soluble
10 Frontieres in . software). Hierarchical .
. dactylon in pot MS . software package and sugars, proline
Plant Science . cluster analysis was .
conditions . Java Treeview
performed using
CLUSTER program, and
resulting tree
Water supply -Abdisic acid, _leci’:z)es,eal;?l?:;e,
Gargallo-Garriga .Quercus manipulation LC-MS PERMANOYAS and MZMINE leu.cmef acace‘qn, alanine, lysine,
11 et al. (2018) ilex (root . PLSDAs usingthe malic acid, proline, ) .
o in pot . . 2.10 X asparagine, uracil,
Scientific Reports  exudates) . mixOmics package of R choline, .
conditions L glutamine,
homoorientin o
methionine
-In the most of the
Triticum Student’s £ test and Aconéi;tilr’zz ngs;bate
. , Water supply ANOVAs of all ™ g
Aidoo et al. aestivum manipulation determined metabolites galactose, raffinose,
12 (2017) (different .1p GC-MS . ! Xcalibur® maltose, glycine,
. in pot comparing control vs . .
Metabolomics genotypes) L. . valine, galactinol,
conditions treatments using TMeV . .
(leaves) proline, manitol,

statistical software .
sorbitol, myo-

inositol, glucose,




citrate, succinate,
asparagine,
glutamate, lysine,
phenylalanine,
ascorbate, proline

ANOVA, Pearsons
correlation analyses,

Bruc:;ip odi Water suppl Principal Component
Fischer et al. distachyon ~ mani ulzscfoi Analyses (PCA), and -TCA intermediates
13 (2016) Frontieres 4 1P FIE-MS Hierarchical Cluster . . ’
. . (Abovegro in pot alanine and salicylate
in Plant Science .. Analyses (HCA) were
und conditions .
biomass) performed using R-
based MetaboAnalyst
2.0 interface
-Valine, leucine, -Ketoglutaric
Water supply ANOVAs of all proline, isoleucine acid, succinic
Barchet et al. Populus s manipulation determined metabolites threonine acid, fumaric
14 (2013) Tree puzis sp. 1P GC-MS ‘ XCMS R-package .’ e
. (leaves) in pot comparing control vs phenylalanine, acid, shikinic
Physiology o\ . . . .
conditions treatments galactinol, catechin, acid, malic acid,
raffinose, tryptophan quinic acid
-Glutamine, glycine,
serine, threonine,
valine, malato,
Watc?r supPly h1st1c1.me,.argu.une, _Cytokinin, caffeic
Alvarez et al Zea mays manipulation I-tests between controls leucine, ileucine, acid. ABA
15 (2008) Plant Cell (xylem in pot LC-MS/MS asparagine, Y
g .. and treatments L. coumarin,
Environment sap) conditions methionine, . . .
. cysteine, citrulline
(chamber) phenylalanine,
tyrosine, ornithine,
proline succinate,
tryptophan
Sanchez et al Lotus Water supply Student’s t-test and NetCDF file format -Proline, fructose, -Aspartic acid,
16 (2012) Plant Cc;,ll japonica manipulation GC-MS ANOVA were performe using ChromaTOF glucose, maltose, serine, glutamic
(leaves) in pot using software galactiol, succinic acid, threonine,




and conditions multiexperiment viewer acid, methylmalic glycerophosphog]l
Environmental (greenhouse) software, MeV acid, saccharic acid, ycerol
glucuronic acid,
gulonic acid, myo-
inositol, threonic
acid, galactonic acid
Y 1
m:ﬁr;ﬁii ANOVAs of all Silicic acid,
Benevenutoetal.  Zea mays P determined metabolites =~ ImageMasterTM 2D methyljasmonate,
17 in pot LC-MS/MS . . . -
(2017) PlosOne (leaves) conditions comparing control vs Platinum ver. 7.06 jasmonic acid,
treatments using abcisdic acid
(greenhouse)
-Proline, tryptophan,
valine linoleic acid, , -Aspartic acid,
Automated Mass c1tr1'c acid, .fum'arlc glt}tamlc ac1c.1,
acid, malic acid, serine, glycerid
N Watc?r supPly PLS-DA using Deconvolution and fru-ctosTe, gluC(.)se, acid, sitos.terol,
Triticum manipulation MetaboAnalyst 3.0 e lysine, isoleucine, putrescine,
Kang et al (2019) ) . . Identification . . .
18 aesticum in pot GC-MS server, Analysis of leucine, o-tocopherol,  alanine, glycine,
PlosOne . . System (AMDIS) . .
(leaves) conditions variance . . galactinol, mannitol, tetradecanol,
. i . (National Institute of g .
(greenhouse) with ‘Ime4” package in R ribitol, tyrosine, tetracontanol,
Standards and . . . .
gluconic acid, benzoacetic acid,
Technology, NIST) S . .
isocitric acid, hydrocinnamic
threonic acid, acid, pyruvic acid
glycerol sugar
PCA using the JMPR,
Water supply us.mg el -Coumaroyl .
. . ) Version 14 (SAS . -Quercitin,
Tschaplinski et Populus manipulation Institute glycoside, 5-oxo- alanein
19 al. (2019) Annals deltoids in pot GC-MS proline, ascorbic acid garangin,
o Inc., Cary, NC, USA, t- . . . kaempferol,
of Botany (leaves) conditions glucoside, salicortin, . .
tests between controls . . isorhamnetin
(greenhouse) gallic acid
and treatments)
ANOVA was conducted
. Solanum Water supply . -Sucrose, fructose, .
Mibei et al. . . . using Gen-Stat -Maleate, serine,
20 aethiopicum  manipulation GC-MS . L mannose, Xylose,
(2017) . Discovery (14th edition). . . glycerate
(leaves) in pot trehalose, isoleucine,

PCA was performed




conditions using DARwin version 6 proline, glutamate,
(greenhouse) software, fumarate, malate
MetaboAnalyst
software, XCMS online
(Scripps Research
Institute, La Jolla, CA,
USA)
-Glucose, xylose, D-
lactinol, raffi
Water suppl & ailt;?(j)};erio;zose, “Tryptophan,
Moschen et al. ) . pP y ANOVAs of all & P ! homoserine,
Helianthus ~ manipulation . . fructose, sorbose,
(2017) Plant . determined metabolites . aspartate,
21 annuus in pot GC-MS . glycerate, tyramine, .
Molecular . comparing control vs asparagine,
. (leaves) conditions pyruvate, malate, LG
Biology treatments . ornithine,
(greenhouse) proline, 2- . .
histidine, lysine
oxoglutarate,
myo.inositol
ANOVA with Tukey’s
Post hoc test, heat map,
hierarchical clustering,
Obata et al Water suppl Bonferroni correction, -Isoleucine, valine,
. y .
Z PCA, box plot, V th , 4- -Aspartate,
22 (2015) Plant e mays manipulation GC-MS ) ox plo e,nn . reontne s parta ?
: (leaves) L diagram, correlation aminobutanoate, maltiol, proline
Physiology in field . B
analysis, and Student’s t tryptophan,
test) were performed
using the R software
3.1.1
-Valine, proline,
T itol itol
oulgais Watersupply yliose, ghuconie
Moradi et al. ai d manipulation PCA was performed yac' d (;héz)line -Glutamine,
23 (2017) Analytical in pot FI-ICR- MS using MATLAB 1 § tyrosine,
. . Thymus o ascorbate, .
Biochemistry , conditions software o1 aspartate, alanine
serpillum (greenhouse) sorbitolindole-3-
(leaves) 8 acetaldehyde,

coumarin,




-Alanine, aspartic
acid, isoleucine,
glycine, alanine,

asparagine, glutamic
acid, homoserine,
threonine,
tryptophan, valine,

. Sorghum Wate?r supply PCA were performed tyros.me, .caffelc ac%d, -Talose, D-
Pavli et al. (2013) bicolor manipulation usine SPSS statistical malic acid, fumaric pantenol,
24 Plant Omics in pot GC-MS & . AMDIS software acid, succinic acid, urethane,
(leaves . software version 18 R . . .
Journal conditions mucic acid, pipecolic adenosine,
and roots) (SPSS, 2009). . .. .
(greenhouse) acid, saccharic acid, adenine
succinic acid, trans-
aconic acid,
hydroxycinnamic
acid, trehalose,
fructose, raffinose,
sedoheptulose ,
sucrose
Y 1 PCA PLS-DA
Xiong et al. ate'r supP Y ,C and OPLS Metabolomics
Oryza manipulation using SIMCA software .
(2019) BBA . . data were acquired
25 . sativa in common LC-MS package . -Flavonols
Proteins and (spikes) arden (version 14.0, Umetrics using the software
Proteomics P & .. . ! XCMS version 1.50.1
conditions Umea, Sweden)
ANOVAs of all
determined metabolites
\Y 1 i 1
Sanchez-Martin ate;r supP Y comparing contro. & -Glyoxilate, 2-
Avena manipulation ~ DI-ESI-MS, treatments by using
et al. (2015) Plant . . phosphogycolate,
26 Cell and sativa in pot HPLC- SPSS software ribulose-1 5-
Environment (leaves) conditions MS/MS (SPSS Inc., Chicago, IL, bisphos h’ate
(greenhouse) USA). PCA and PC- phosp

DFA were performed
using Pychem 2.0




Arabidopsis

. Water supply
A As of all
Arbona et al. thuuZilna manipulation deternlir?e\; rrieialaoolites XCMS with the ABA, Jasmonate
27 (2010) Journal of , in pot LC-MS , CAMERA package, T ’
. Thellungiell L comparing control vs proline
Plant Physiology , conditions Masslynx v4.1
a halophile (greenhouse) treatments
(leaves) &
-Proli li
Water supply roline, valine,
. . . threonine,
Charlton et al. Pisum manipulation , . .
)8 (2008) satioum L in pot H NMR Student’s t-tests, PCA, Topspin v homoserine,
. ' P ' PLS-LDA with Matlab 1.3 (Bruker, Germany). myoinositol, e-
Metabolomics (leaves) conditions .
(greenhouse) aminobutyrate,
& nicotic acid betaine
Vasquez-Robinet Solanum Water supply -Caffeic acid, citric -Malic acid.
et al. (2008) tuberosiim manipulation PCA using the XLSTAT- acid, malonic acid, Quinic acid,
29 Journal of SR in pot GC-MS Pro (v.7.5.3) program GABA, maltose, glucose-6-
Experimental g(lea 32;) conditions (Addinsoft, NY, USA). trehalose, galactinol, phosphate,
Botany v (greenhouse) ribose, proline trehalose
Evers etal. (2010)  Solanum Water supply ANOVAs of all L
. ; . . -Galactose, inositol,
Journal of tuberosum  manipulation determined metabolites . .
30 . L LC-MS . proline, galactinol,
Experimental genotypes in field comparing control vs o
o ornithine
Botany (leaves) conditions treatments
PCA and PLS-DA were L
. Glycolisis/gluconeog
.y performed using J]MP .
Saliginella ~ Water supply (SAS, www.jmp.com), a enesis and Valine. sugar
Yobi et al. (2013)  lepidophylla  manipulation GC-MS ’ vJmp. ! tricarboxylic acid e sug
31 . commercial software . . acids, sugar
Molecular Plant (whole in growth LC-MS/MS cycle intermediates,
. package, and ) . alcohols
organism) chamber or nitrogen-rich and o-
R’ (http://cran.r- .
roject.org/) glutamyl amino
Project-org acids
Water supply Student’s t-test, -Proline, tryptophan,
Zea mays . . . i 1
. manipulation ANOVA, Bonferroni- histidine,
Witt et al. (2012) (leaves . . . S
32 in pot GC-MS correction, PCA and phenylalamine, -Ferulic acid
Molecular Plant  and other . . .
tissues) conditions boxplots were adenine, b-alanine,
(greenhouse) performed using the R- butanoic acid,




software environment
2.13.0 (http://cran.r-

isoleucine, tartronic
acid, asparagine,

project. glutamine
org/)
-Resveratrol,
hydroxycinnamic -Catechin, flavan-
acid, benzoic acids, 3-ol monomers,
Pi L A 1 Iphinidi hyl-
Inasseau e.t a Qrfzpe atf?r supP y PCA, ANOVA and de. p Il’lldll’li . catechy '
33 (2017) Frontieres vinifera manipulation LC-MS . petunidin, malvidin, pyranoanthocyani
: . . L correlation analyses . 1 . . .
in Plant Science (fruit) in field cyaniding 3,5- dins, caffeic acids,
diglucoside, total flavan-3-ols,
petunidin 3,5- piceatannol
diglucoside
ANOVA andPCA
wereperformed. A
Kaiser-Meyer-Olkin
(KMO) value of >0.80 -Glutamine, tyrosine,
. Beta . Water supply and a significant Bartlett tryptcoph.an, leuFine,
Wedeking et al. vulgaris . : test (p<0.001) for valine, isoleucine,
34 manipulation TH NMR . . .
(2018) PlosOne (leaves sphericity to test the alanine, asparagine,
greenhouse s .
and roots) PCA suitability. phenylalaninde,
Statistical, all analyses pyroglutamate
were performed with
SPSS 23.0 (SPSS Inc.,
New York, USA).
A 1
Ocimum m::leir lelllzii)r}i ANOVASs of all
Rastogi et al. . P determined metabolites -Caryophyllene,
35 tenuiflorum in pot GC-MS .
(2019) PlosOne . comparing control vs Methylleugenol
(leaves) conditions
treatments
(greenhouse)
Trztllcum Water supply The cvs file was —T.ryPtop.han, Vahr.le, -".Frypt.op.han,.
36 Kang et al. (2019) aesticum manipulation GC-MS uploaded to the citric acid, fumaric valine, citric acid,
PlosOne (leaves hf ot MetaboAnalyst 3.0 acid, malic acid, fumaric acid,
and roots) p server Glycerid acid, 3- malic acid (roots)




(http://www.metaboana

hydroxy propanoic

acid, leucine,

-Benzenacetic
acid (leaves)

conditions
(greenhouse) lyst.ca) for successive
analysis, consisting in galactose (leaves)
multifactorial ANOVAs,
PLS-DA. Moreover,
ANOVA
was calculated with
assistance of ‘lme4’ and
‘Ismeans’ package in R.
-Sucrose, galactinol,
rafinosse,
myoinositol,
tetrahalose,
tryptophan,
henylalani
Water suppl metabolite networks liuirilr}l,eaxiiiz -Malate
Oryza >F SUPPY ANOVAs of all were constructed . ] " .
. . manipulation . . . isoleucine, threonine, arabinose,
Casartelli et al. sativa . determined metabolites  using KEGG pathway .. .
37 . in pot GC-MS . methionine, lysine, glucose, fructose,
(2018) Rice (shoots . comparing control vs maps web tool . . )
conditions . asparagine, pyridoxamine
and roots) treatments (http://www.genome.j e 4
(greenhouse) ornithine, uridine, (roots)
p/kegg/) : )
allantoin, arginene,
proline, glutamate,
glutamine (shoots
and roots),
-Glucose, fructose,
malonic acid (shoots)
ANOVAs of all
determined metabolites
. ., comparing control vs -Monoterpenes,
S t al. (2016 Vit Wat 1
avoietal. ( ) . 1, s a e.r supP y GC-MS treatments using JMP 7 benzoic acid,
38 BMC Plant vinifera manipulation . . .
Biol (Fruit) in field LC-MS (SAS Institute cinnamic acid,
o108y " € Inc.). PCA was zeaxanthin

performed
using R software.




-Sucrose, tetrahalose,

maltose, proline,
glycine, asparagine,
methionine,
homocysteine, serine,
aspartate, alanine,
tyrosine, citrate,
gluconate, mannitol,
valine, gluthatione

Glucose, malonic
acid, mannose,
glyceric acid,
galoactose,
fructose, quinic
acid, oxalic acid

Triticum Water supply The Cytoscape (leaves and roots), (roots)
Ullah et al. (2017) SP. marTipulation GC-MS PCA and PLS—DA were software —Gh.lcose, malonic _Oleic acid,
39 . Aegilops in pot performed using was used to reveal acid, mannose, ..
BMC Genomics o . . . . . ascorbic acid,
sp. (leaves conditions Cluster (version 3.0) metabolite-metabolite glyceric acid, Ivsine. letcine
and roots)  (greenhouse) interaction galactose, fructose, }f,uma,ric acid ’
quinic acid, oxalic R
acid (leaves) mandelic acid,
. Kini
-Oleic acid, ascorbic Cy,s teine, ,Sl H,HC
. . . acid, malic acid,
acid, lysine, leucine, dipic acid
fumaric acid, a (lfafzjsc)
mandelic acid,
cysteine, sikinic acid,
malic acid, adipic
acid (roots)
Clustering was carried -Serine, asparagine,
. arginine,
Water supply using Cluster software phenylalanine
Mutwaki et al. Calotropis manipulation package (version 3.0) choline. trvito h,an
40  (2017) BMC Plant  procera anip LC-MS and analysed using - Typrophan, -Benzoate
. in growth glutamine, valine,
Biology (leaves) Heatmapper .
chamber proline,
(Heatmapper: web-
. phenylacetaldehyde,
enabled heat mapping) .
threonine




-Glutamine, tyrosine,
isoleucine, alanine,
leucine,
phenylalanine,
GABA, glutamate,
valine, threonine,

-Succinic acid,
shikinic acid,

Water supply tryptophan, serine, pyruvic acid,
Prinsi et al. vitis mar;fucl)itlon Student’s t-test through Golm Eéiﬁir?lzthllc)rlli?lz, fumrzjellf; atcaft/aric
41  (2018) BMC Plant vinifera pe¢ GC-MS Statistica software v 8.0 ) s gyemne o
. conditions Metabolome Database cysteine, aspartate, acid, threonic
Biology (roots) (StatSoft Inc., Tulsa) . . . ..
(common arabitol, galactinol,  acid, lactic acid, 2-
garden) mannitol, inositol, oxoglutaric, citric
glycerol, erythritol, acid, arabinonic
raffinose, isomaltose, acid
galactose, fructose,
sucrose, maltose,
glucose, arabinose,
tetrahalose, xylose
REFINER MS® 10.5
D
(GeneData, -GABA, allantoin,
htp:/fwww. roline, arginine
PLS-DA and two paired ~ genedata.com). The proine, arg ’
Water supply . . tyrosine, tryptophan,
. . t test with pathway analysis was )
You et al. (2019) Sesamum  manipulation . phenylalanine, -Malate,
. . LC-MS MetaboAnalyst performed using . . o
42 BMC Plant indicum in pot leucine, valine, shikimate, PEP,
Biolo (leaves) conditions GC-MS 4.0 server MetaboAnalyst isoleucine ruvate
8y (http://www.metaboana for the identified . 124
(greenhouse) . . asparagine,
lyst.ca) important metabolites e
. . . methionine,
using Arabidopsis . .
¢ threonine, serine
thaliana pathway
libraries
-Ribulose-5P, -Aconitate,
Michaletti et al. Triticum Water supply Pathways and 1ouose . comt 'a ©
. . . Xyloluse-5P, ribose- putrescine,
43 (2018) Scientific sp. manipulation LC-MS PCA and PLS-DA networks affected by . o
. 5P, lysine, spermidine,
Reports (leaves) in greenhouse drought was T
methionine, oxaloacetate,




performed by the web- homocysteine, serine,
based tool malate, tyrosine, asparagine,
MetPA (Metabolic phenylalanine, alanine
Pathway Analysis) tryptophan,
spermine, proline, N-
acatyl-ornithine
-Proli lyci
Water supply r(? ne g yc.me,
Zea mays manipulation PCAs were conducted serine, tyrosine,
Sun et al. (2013) . . NIST Mass Spectral threonine,
44 PO (leaves in pot GC-MS with SPSS 16.0 software Library 2002 asparacine. valine
and roots) conditions (SPSS Inc, U.S.) y paragimne, ’
maltose (leaves and
(greenhouse)
roots)
-Arabitol, arabinose,
Watc?r supPly t tests and ANOVA of xylosre, galac’cosef
Warren et al. Eucalyptus ~ manipulation all determined galactiol, galactaric
45 (2012) sp. in pot GC-MS . . acid, mannose, -Raffinose
. . metabolites comparing .
Metabolomics (leaves) conditions fructose, quercitol,
control vs treatments
(greenhouse) cyclohexanephenol,
malate, mannitol
Duncan’s multiple The NIST 2002 mass
Water supply range tests with SPSS spectroscopy library
Vitis manipulation 19.0 software for (National Institute of
46 Ju et al. (2018) vinifera in pot GC-MS Windows (SPSS Inc., Standards and -2-hexanal, 3-hexanal
(leaves) conditions Chicago, IL, USA). The Technology,
(greenhouse) heatmap was created by Gaithersburg, MD,
Metabo-Analyst 3.0 USA)
Chroma TOF 4.3X
Water supply PCA and PLS-DA were software -Lactobionic ?Cld’ D- .
Caragana . : . (www.leco.com) and Talose, raffinose, -Oxoproline,
> .. manipulation performed with SIMCA- . . ..
Zhang et al. korshinskii . the LECO/Fiehn Rtx5 putrescine, aspartic acid,
47 in pot GC-MS P 11.5 software package . ) L.
(2017) (leaves, " . database (version phenylalanine, glutamic acid,
conditions (Umetrics, Umea®, . ] . .
stem, root) Rtx5; LECO) were isoleucine, threonic acid
(greenhouse) Sweden) . .
used for metabolite asparagine

identification




PCA was done using
the prcomp function.
For Canonical

Water Correlation
Georgii et al. Arabidopsis  manipulation GC-MS Analysis, the rcc -Myo-inositol,
48  (2017) BMC Plant sp. in pot function of the glycerol-3-P,
. 1 FT-ICR-MS . . .
Biology (leaves) conditions mixOmics R package flavonoids
(greenhouse) version 5.0-1. Pearson
correlation coefficients
were computed by
cor.test
The metabolite clusters
were visualized using
JAVA TREEVIEW
f .MapM
Water The statistical aSo ;:Z:triin Szlfgth_le -Genistin,
Glycine manipulation GC-MS significance of the PP . kaempferol, .
Das et al. (2017) . . (MapMan Version . -Tryptamine,
49 maxima in pot LC-MS results was evaluated stigmasterol, .
Plants " . ) 3.5.1R2) was used for . .. luteolin
(leaves) conditions LC-MS/MS using Welch’s two . daidzein, apigenin,
(greenhouse) sample t-test understanding the isoliquiritigenin
8 P metabolic distributions q &
and metabolic
regulation in response
to the stresses
-Fucose, glucose, D-
Glucopyranose,
Phoenix Water ANOVA of all . Galactose, lfactose, _Oxalic acid,
} . . determined metabolites DL-Glutamine, D- .
Safronov et al. dactylifera manipulation GC-MS . . C asparagine,
50 . comparing control vs Cellobiose, Arginine, .
(2017) PlosOne (leaves in growth . L. . putrescine,
treatments using EdgeR Oxalic acid, Glycine,
and roots) chamber . lactose
(v 3.14.0) lyxonic acid,
glutamine, sucrose,
proline
51 Lenk et al. (2019)  Brachypodi Water LC-MS heat maps and ANOVA -Lutein, -Linolenate,
International um manipulation of all determined nicotinamide, palmitate,




shikimate-3P,

methylglyoxal,

metabolites comparing

Journal of distachyon in growth
Molecular (leaf) chamber control vs treatments maltose, coumaryl, malate,
Sciences sphinganine-1P succinate
-Malate, citrate,
aspartate, glutamate,
Water AQOVA, sPITS and PCA aspafagine, leuc'ine, Succinate,
manipulation usmng proline, threonine, uinate, glycerate
Correira et al. Eucalyptus irI: ot the software R v3.1.2 (R lysine, histidine, d fruc’éoiey- 6P ’
52 (2018) Frontieres  globulus pe GC-MS Core Team 2014) core tryptophan, ’
. R conditions . M glucose-6P,
in Plant Science (leaves) functions methionine, GABA, .
(growth dihydroxydrofura
plus the package urea, mannose,
chamber) . . none
mixOmics v.4.0.2 glucose, maltose,
mannitol, sorbitol,
inositol
Ileucine, alanine,
XCMS online arginine, sucrose,
(http://metlin.scripps.e  glucose, trehalose,
Water du/gx.cms/), for x.yllltol, mafmose,
manipulation metabolite pathways iditol, raffinose,
Li et al. (2018b) Cucumis hf ot perform we phenylalanine, GABA . threonine
53 Analytical sativus pe LC-MS OPLS-DA and PCA usedincluding KEGG  proline, tryptophan, ’ .
. . conditions . L. . aspartate, Betaine
Biochemistry (leaves) (open-to (http://www.genome.j abcisic acid,
resnhouspe) p/kegg/) and citramalic acid,
& MetaboAnalyst vanillic acid,
(http://www. phenylpyruvate,
metaboanalyst.ca/). hydroxybutiric acid,
petrosenilic acid
t-test was used to -Leaves. Glucose,
. . Glycine Water identify bi.ochemicals leucine,.
Tripathi et al. . . that differed phenylalanine,
max manipulation = LC-MS/MS C .
54 (2016) BMC . significantly between tyrosine, tryptophan,
. (leaves in a growth GC-MS . . . . :
Genomics different time points, valine, threonine,
and roots) chamber . . . o
treatments and in isoleucine, histidine,

different tissues

lysine, homoserine,




asparagine, fructose,
proline, histidine
-Roots. Glycine,
serine, glycerate,
glucose, sucrose,
phenylalanine,
tyrosine, tryptophan,
proline, histidine,
succinate, pipecolate,
lysine, aminoadipate,
glutarate, 5
aminovalerate,
isoleucine, threonine,
b-alanine, valine,

glutarate
Water Arginine. isoleuc
rginine, isoleucine,
. manipulation ANOVA of all & .. .
. Panicum . . . methionine, cysteine,
Liu et al. (2019) ) in pot determined metabolites :
55 virgatum o GC-MS . ketose, raffinose,
Planta conditions comparing control vs
(roots) fructose, fucose,
(open-top treatments
sorbose, xylose
greenhouse)
. . . Benzeic acid,
Hierarchical clustering ascorbate. a
analysis (HCA) of the !
. . tocopherol,
differentially .
zeaxanthin, b-
accumulated
Water . carotene, myo-
. . . metabolites was L
Jia et al. (2019a) Populus manipulation inositol, galactose,
. . . . performed .
56 Physiologia deltoids in pot GC-MS . lactose, tagatose, Citrate, malate
. using MeV 4.9 software.
Plantorum (leaves) conditions . fructose, glucose,
non-parametric Mann— .
(greenhouse) sucrose, raffinopse,

Whitney test in SPSS
17.0 program was used
to distinguish
differentially

galactinol,
tryptophan, salicylic
acid, trans-cinnamic
acid




accumulated
Metabolites.

Mann-Whitney
test in SPSS 17.0
program was used to
distinguish
differentially
accumulated
metabolites. non-

Saccharic acid,
galactose,
sedoheptulose,
lactose,
hydroxycinnamic
acid, salicilin,
palmitic acid,
glycerol, glucose,

Malate, succinic
acid, citrate,

Salix parametric Mann- malonic acid,
X Water . fructose, tagatose, . .
Jia et al. (2020) SIOPUTPUT . lation Whitney chromaTOF software wiitol. raffinose succinate, glycine,
57 ) ea, Salix p GC-MS test in SPSS 17.0 (version 4.0) (LECO, yHOL ! pyruvate,
Trees . mna mannose, glutamate, . .
suchowensi program was used to St. Joseph, USA) . threonic acid,
greenhouse L . lyxose, retinol, .
s (leaves) distinguish . shikimate, a-
. . threonine, .
differentially . ketoglutaric,
tetrahalose, stearic .
accumulated acid. elucuronic acid glycerate, retinol.
Metabolites. PLS-DA '8 !
. aspartate, xylose,
were perfromed using mvo-inositol
SIMCA-P utrZscine serilne
12.0 software (Umetrics, P ) ’ !
i alanine, lactose,
Umea, Sweden)
mannose,
The Metabolite Set
PCA, PLS, HCA, Enrichment Analysis
. (MSEA) software
Heatmap, biplot . .
. version Glutamate, proline,
processing, and model . .
Water o 3.0 was utilized to arginine, glucose,
Shahbazy et al. Thymus manipulation validation) were identify metabolic fructose, sucrose
58 (2020) Plant vulgaris i pr wih FT-ICR-MS  calculated via routines }t/hw lact ! tazat ’ Citrate
Science (leaves) c;agm(:)er in MATLAB (hIza ./ /vj ” gam;n(:j;e argia zse,
®R2009a ver. 7.8.0 metab?a.nal;\;‘t/vc‘a/) inosi’;ol g
software (MathWorks© Xcalibar (Version 2.0.7

Inc., Natick, MA, USA)

Thermo Scientific).
data processing in




MATLAB (SIM-stitch
algorithm version 2.8),
a peak list and peak
matrix were generated.

Alanine, arginine,
aspartate, aspartic
acid, cysteine,
glutamine, glutamic
acid, isomaltose,
secologanin, glycine,
ChromaTOF software lysine, methionine,

h PLSR
Water eat maps, PLS .and (LECO) and the library serine, threonine,
. . . PCA and graphical . . . Dy e
Melandri et al. manipulation i provided by the Golm  tryptophan, valine, Malic acid, citric
. representations were g . L1 e
(2020) Journal of Oryza in a pot . Metabolome Database ~ ornithine, tyrosine, acid, isocitric
59 ) . . GC-MS performed using R i .
Experimental sativa (leaf) experiment . (GMD; raffinose, maltose, acid, PEP,
(version 3.4.3; The R . . L
Botany (growth . http://gmd.mpimp- myo-inositol, glyceric acid
Foundation for .
chamber) . . golm.mpg.de/downloa  fructose, galactinol,
Statistical Computing). s .
d/) allantoin, valine,
phenylalanine,
proline, quinic acid,
threonic acid,
succinic acid,
shikimic acid,
salicylic acid,
-Roots. Pinitol,
e e il
Medicago ~ manipulation PCA wasperformed -LOS€, Iy -Roots. Citric
Zhang et al trunculata in a pot with Spottire (TIBCO inositol acid
60  (2014) Plant Cell P GC-MS P ' -Shoots. Myo- a
. (roots and experiment Somerville, MA, USA) L. pyroglutamic
and Environment inositol, glucose, .
shoots) (growth software . acid.
fructose, picose,
chamber) .
ononotol, ribose,

proline.




Student's t-test by
comparing the mean of

Succinic acid, tartaric

acid, ribose, citric
both groups to detect . e
significantly differin: acid, palmitic acid,
& Varia}ll)les & NIST Chemistry Coumaric acid,
. Water Webbook caffeic acid, ferulic
Griesser et al. y . . betweencontrol and . .
Vitis manipulation (http://webbook.nist.g acid, resveratrol, Tetradecanal,
(2015) Plant . . drought stressed plants . . .
61 . vinifera in pot GC-MS . ov/ epicatchetin, pentanal, glycerid
Physiology and . in R. PCA analyses were . . S
: : (leaves) conditions . chemistry/). AMDIS kaemphenol, acid, malic acid
Biochemistry performed using the . . .
(greenhouse) software (version 2.65, quercitin, cyanidin,
program SPSS for .
! . www.amdis.ne methyl benzene,
Windows version 16.0
. methyl-butanal,
(IBM Corporation, New furfural eeranvl
York, ,'[ gn y
USA). acetone
Glutamine,oo-
Water PCAs and ANOVAs
Glycine manipulation were performed using oxoglutarato,
2 Silvente et al. e in pot 'H NMR the STATISTICA Succinic acid, G{ABA, fll,lmaI.'lC
(2012) PlosOne o . aspartate acid, malic acid,
(leaves) conditions package for Windows hosphatidvcholi
(greenhouse) (version 5.1, 1997). phosp y
ne, pyruvate
’s t- PCA
Student’s t-test and. C MassLynxTM software
were performed using R . .
(Waters) version 4.1. Phenylalanine,
. 3.0.1. The Extended . . .
Hochberg et al. Vitis Water . The raw data acquired leucine, valine, . .
. . . Statistics (XS) module of . ) . Epicachetin,
63  (2013) BMC Plant vinifera manipulation GC-MS . were processed using  proline, asparagine, .
Biolo (leaves) in greenhouse the EZinfo software the MarkerLynx threonine cachetin
i ° (Waters LTD) was used application ma}1,1a er trypto ha;1
to perform OPLS-DA PP 8 YPop
. . (Waters)
with Pareto scaling.
t tests and ANOVA Chenomx Sucrose, fructose,
Astragalus . .
membranac Water were performed NMR Suite glucose, valine,
64 Jia et al. (201?) eous marTlpulatlon 'H NMR using the’ SPSS software Professmr}al software leu'cme, 1sole1.1c1ne, Lactate, Glycerate
BMC Genomics i in pot (version 19, IBM, (version 7.7, citrate, proline,
mg:foé:;ls conditions Armonk, NY, USA). Chenomx, Edmonton, fumarate, malate,
v
PCA were performed Canada). homoserine




using the Chenomx
NMR Suite 7.7 software.
ANOVA, sPLS and PCA . .
were performed usin: Glycine, valine,
. Water P & Ribulose, fructose, shikimic acid,
Correira et al. Eucalyptus manipulation the software R v3.1.2 (R alactose. xvlose Lercetin
65 (2016) globulus up GC-MS Core Team 2014) core §alactose, xyose, 9 §
. in pot . myo-inositol, ribose, piceatannol,
Metabolomics (leaves) .. functions ) .
conditions proline caffeoylquinic
plus the package acid
mixOmics v.4.0.2
Alanine, GABA
PCA) and OPLS-DA i ! ’
Ma et al. (2016) Oryza Water supply SIE/I C) :;+ 12 Ososft arlen ChromaTOF software  xylitol, stearic acid,
66 Frontieres in sativa manipulation GC-MS ) W P (v 4.34, LECO, St putrescine, malonic
. Lo ackage (Umetrics, . -
Plant Science (leaves) in field . Joseph, MI). acid, saccharic acid,
Umea, Sweden) . .
glucose, isoleucine
heatmap2 in R. ANOVA
of all determined
metabolites comparing
. Water control vs treatments. Ferulic acid, caffeic
Piasecka et al. Hordeum manipulation Correlation acid, glucose
67  (2017) ThePlant  wvulgare b LC-MS s BIucose,
Journal (leaves) in pot networks and hydroxycinnamic
conditions differential correlation acid
networks were
constructed using the
WGCNA package in R.
Glucose, fructose,
galactose, xylose,
ffi
. Water ANOVA and Tukey test The metabolite ra mose.,
Elber Vital et al. . . . phenylalanine, Sucrose,
manipulation (p <0.05) was performed  profiling results were . .
(2017) Plant Saccharum . . . . . . tryptophan, tyrosine, aconitate,
68 Molecular spp (leaf) in pot GC-MS using R version 3.1.2 (R visualized in the valine. letcine ‘socitrate
Biolo PP conditions Development Core VANTED software coline ! lutamirlle uvate alalnine
1ology (greenhouse) Team 2011). profme, & o pyruvate
glutamate,
methionine, lysine,

threonine, isoleucine,




asparagine, serine,

glycine
NISTO08 software
(http://chemdata.nist.g
Orvza Water ANOVA of all ov/) and the mass
Do et al. (2013) y manipulation determined metabolites  spectral and retention Arginine, GABA, .
69 sativa . GC-MS . .. . Putrescine
PlosOne in pot comparing control vs time index (RI) proline, glutamate
(leaves) . .
conditions treatments. reference collection of
the Golm Metabolome
Database
ANOVA, mean
comparison
and correlation analysis
' Water were performed using R
Ashrafi et al. . . R
Thymus manipulation Sucrose, fructose,
(2018) Plant . . Development Core .
70 . vulgaris in pot H NMR glucose, alanine,
Physiology and . Team, 2008). PCA, ) L
; X (leaves) conditions . . choline, succinic acid
Biochemistry hierarchal clustering,
(greenhouse) .
and pathway analysis
were performed using
the Metaboanalyst
website
Glucose, corilagin,
Alves Flll:lO e‘.c e?l. Phyllanthu Water . H NMR ANOVA using Origin™ mah.c ac%d,. suc?mlc
71 (2018) Scientific s sp manipulation acid, citric acid,
. LC-MS 9.4 software .
Reports (leaves) in greenhouse proline, GABA,
alanine, valine
Uracil, malate,
llex Water isomaltose, fucose, Aspartate,
7 Acevedo et al. paraguarien marTipulation GC-MS ANOVA and PCA asparagine, phe.nolics, citric
(2019) Planta . in pot threonine, acid, sucrose,
sis (leaf) - .. .
conditions methionine, sorbose, raffinose

isoleucine, ornithine,




u ine, valine,
lutamine, valine
phenylalanine, serine

The data were pre-
processed using the
manufacturer’s
Chroma TOF software

The metabolic
pathways were
constructed by KEGG
(http://www.genom

Malic acid, fructose,
glucose, gluconic
acid, threonine,

Wang et al. Glycine Water (versions 2.12,2.22, 3.34; e.jp/kegg/) and the serine, glycine, Linoleic acid,
(2019) Acta . manipulation LECO, St. Joseph, M, pathways were valine, proline, glycerol, alanine,
73 . . soja . GC-MS . . . I
physiologiae (leaves) in pot USA). ANOVA and analyzed isoleucine, asparagine, citric
Plantarum conditions PCA were performed in using the phenylalanine, acid, fumaric acid
SIMCA-P 13.0 software MetaboAnalyst mannose, ribose,
package (Umetrics, website xylose, myo-inositol,
Umea, Sweden). (http://www.metab xylitol, threonic acid
oanal yst.ca/)
Alanine, aspartate, o-
alanine, GABA,
glutamate,
glutamine,
guanidine,
isoleucine, leucine,
lysine, methionine,
ANOVAs and ornithine,
Pires etal. QUI6)  Arabidopsis LA petormed g the P e, sorne,
74 Plant Cell and thaliana . GC-MS . - ’
Environment (leaves) in P?t algor1th11.1 threonine,
conditions embedded into

Microsoft Excel

tryptophan, valine,
2.-oxoglutarate,
fructose, galactose,
glucose, maltose,
mannose, raffinose,
ribose, sucrose,
trehalose, cis-
aconitate, citrate,
dehydroascorbate,




fumarate, glycolate,
isocitrate, malate,
succinate

Statistical significances

Glycine, threonine,

MetabolomeE
Yadav et al. . were calculated by two- eabolome X,p ress leucine, tryptophan,
Triticum Water . , . data processing .
(2019) Journal of , . . tailed Welch's t-tests in . phenylalanine, Glycerate, 3-P-
75 . aestivum manipulation GC-MS pipeline . . .
Experimental . the MetabolomeExpress glutamine, lysine, glyceraldehide
(leaves) in greenhouse . S (www.metabolome- ..
Botany Comparative Statistics express.org) methionine,
tool. press.org asparagine, GABA
ANOVA of all
determined metabolites Citric acid, proline,
. . . Water ) )
Rizhsky et al. Arabidopsis manipulation comparing control vs fructose, xylitol,
76 (2004) Plant sp. in Ii*owth GC-MS treatments. were done galactose, glucose,
Physiology (leaves) & using the SAS system mannose, sucrose,
chamber .
version 8.2 (SAS trehalose
Institute, Cary, NC)
ChemStation software
which was linked to
Cardenas- thfe NIST mass spe.ctral
, library. To visualize
Manriquez et al. . . .
S Water metabolite profile Anthocyanins,
(2016) Nicotina . . . L
. manipulation ANOVA and Fisher heatmaps were chlorogenic acid,
77 Environmental tabacum . GC-MS . . . .
in pot tests. established using the rutin, flavonoids,
and (leaves) - - L
. experiment package gplots in R phenolic acids
Experimental
and the web-based
Botany T
pipeline
MetaboAnalyst
version 2.0
PCA was performed
Solanum Water with the TIGR Alanine, GABA, b-
Semel et al. 2007 .. . . MultiExperiment alanine, homoserine, Glutamine,
78 . pennellii manipulation GC-MS . . . . . .
Metabolomics . L Viewer 4.0 and students isoleucine, proline, glycine, cysteine
(pericarp) in field

t-test using the
algorithm

serine, valine




embedded into
Microsoft Excel

Pinheiro et al. Lupinus Water Citrate. malate
79 (2004) Journal of albus manipulation H NMR ANOVA ’ ’ Proline
. . sucrose
Plant Physiology (leaves) in chamber
Table S2. Heat (warming) impacts on higher plant metabolism.
Bibliographic Species Site and . Metaboli Statistical . . Metabolic pathvx.lays Metabolic pathvx.lays
Ne (organs treatment/gradi c Bioinformatic tools  and/or metabolites and/or metabolites
data . I methods
studied) ent conditions  platform up-regulated down-regulated
-Malic acid, threonic
acid, citric acid,
e
4.1.1 software asgartate prol';le
. 4 1 4
(Kentucky ANOVA of all (PerkmElmer. Inc) ileucine, alanine, -Methyl malonic acid,
. coupled with . . . cq
bluegrass) determined . serine, glycine, glycerid acid (in
, . commercially . .
Poa pratensis, metabolites . valine, threonine, bermudagrass)
Temperature . available . L
Du et al. (2011) Cynodon . . comparing lysine, -Methyl malonic acid,
. . manipulation in compound . S .
1 Physiologia dactylon x e GC-MS control vs " phenylalanine, glycerid acid, succinic
pot conditions . libraries: NIST 2005 . cy e .
Plantarum Cynodon treatments using . asparagine, acid, ileucine, lysine,
) (greenhouse) (PerkinElmer Inc., . . T
pratensis SAS (SAS Waltham, MS) methionine, GABA, glycine, methionine,
(bermudagra Institute Inc,, . ’ ! tyrosine (in serine, threonine, valine
Wiley 7.0 (John
Ss) Cary, NC) Wile bermudagrass) (Kentuky bluegrass)
y -Threonic acid, citric
& Sons Ltd,, acid, succinic acid
Hoboken, NJ) e -
asparaginelysine-5-
hydroxynorvaline
(Kentuky bluegrass)
Berini et al. Abies Temperature PERMANOVA  Xcalibur version 2.2 Resin acid (Abies Catechin. terpene acid
2 (2018) Frontieres balsamica, manipulation LC-MS using R 3.5.0 (R (Thermo Fisher balsamica) (Betu la, . pr ifera)
in Plant Science Betula field Core Team, 2017)  Scientific, Bremen, pary




papyrifera, with the adonis Germany)
Corylus function (vegan
avellana, package)
Populus
tremuloides
(leaves)
PCA in the R
statistical
program (R Core -Glutamine, UMP,
Team, 2013) using . ’
cytidine, 3,6-
the pcaMethods Nonadienal
(http://www.bioc violaxanthin, indole, )
. onductor.org/pac . -Glucose-1-P, linoleate,
Lei et al. (2018) . . phenylalanine, e
) Temperature kages/release/bioc Progenesis QI . . brassinolide,
Journal of Oryza sativa . . . tyrosine, p-coumaric
. . manipulation LC-MS /html/ (version 2.2) . cycloartenol,
Agricultural and (fruits) . acid, p-coumar-
. fin phytotron pcaMethods.html) software undecaprenyl
Food Chemistry dehyde, .
and ggplot2 cellotetraose. 5- diphosphate
(htt F:/C/kagit o H oxoproline, leucine,
PS:I/EPTOL. 2-oxolsacaproate,
dyverse. valine
org/) for ’
dimensionality
reduction
-1,3-
ANOVA with diaminopropane, 1—.
ost-hoc benzylglucopyranosi
th/)vo—taile d de, g-tocopherol,
Wedow et al. Panicum Temperature Dunnett test AMDIS 2.71 (NIST, arabinose,
(2019) maximum manipulation GC-MS using SAS Gaithersburg, dehydroascorbic
Metabolomics (leaves) field (SAS /ST%%T Vo4 MD, USA) program acid, fructose,
SAS Institut o galactose, inositol,
Stitute, isoleucine, leucine,
Inc.)

melibiose, O-
acetylsalicylic acid,




phenylalanine,
serine, stigmasterol,
threitol, threonine,

valine, xylose.

Xcalibur 2.0
software
(ThermoFinnigan,
ANOVA of all A‘;Zin’leT;(’W?iA)
Wang et al. Glycine Ter.npelra.ture. deterlr)n ill?ed comI;nercially Oleic acid .
(2012) ]ourr.lal of maxima r;?)?g;;ﬁ?:;: GC-MS ri::p;;:; available. mas.s e a:cli ci stearic -Linolenic acid
Proteomics (seeds) (greenhouse) control vs spectrum libraries:
treatments NIST 2005 (Fisons,
Manchest, UK) and
Wiley 7.0 (Palisade
Cooperation,
Yonkers, NY).
MZmine software
version 2.10.
Chromatograms
were aligned using
sPLS, PCA and the RANSAC
Heatmap algorithm.
clustering with Metabolomics
Escandon et al. . , software R v2.15.2 athways of each Phenylalamine, .
(2018) Frontieres Pinus radiata Pot—chfamber LC-MS (R Development F metholite asco}r]bic acid, Phenylpropanoids,
in Plant Science (needles) experiment CoreTeam, 2015) were searched glutathione flavonols
and RStudio against KEGG
(RStudio Team, pathway maps
2015) (KEGG Mapper),

and p-values of
each metabolomics
pathways in
MBROLE 2.0




Mapping of masses

to metabolites
was performed

with MassTRIX and
Temperatire with ChemSpider
Georgii et al. Arabidopsis  mani I:ﬂation n GC-MS using the -Myo-inositol,
(2017) BMC sp. (lea 5 es) ot Cl:())l’l ditions FT-ICR- metabolism data glycerol-3-P, -Glycerol, inositol-P
Plant Biology P- P MS sources ChEMBL, flavonoids
(greenhouse) .
BioCyc, AraCyc,
MassBank, KEGG
and Golm
Metabolome
Database
MapMan
application
software
(MapMan Version The metabolite -Daidzein, daidzin,
Temperature GCMS - 3.5.1R2) was used clusters were -Mucic acid, genistin,  formononetin, glycitin
Dasetal. (2017)  Glycinemax  manipulationin ~ LC-MS  for understanding o . -aad/ & ’ Rononetn, gyt
.\ . visualized using stignasterol, syringic acid, genistein,
Plants-Basel (leaves) pot conditions LC- the metabolic . . . .. .
. JAVA TREEVIEW  isorhannetintyranine genistin, adenine,
(greenhouse) MS/MS distributions and . .
. Software. tryptamine, luteolin
metabolic
regulation in
response
to the stresses
ANOVA of all
; determined -Fucose, glucoronic ~ -Asparagine, Glucose-1-
Phoenix . . s L -
. Temperature metabolites acid, Ornithine-1-5-  phosphoric-acid, gliceric
Safronov et al. dactylifera . . GC-MS . . . .S
manipulation in comparing lactam, Raffinose, acid, Threonic acid-1-4-
(2017) PlosOne (leaves and . . .
roots) growth chamber control vs Galactinol, malic lactone, fructose, serine,
treatments using acid, arginene D-Glucopyranose

EdgeR (v 3.14.0)




ANOVA to
analyze treatment
effects with

-Citric acid, fumaric
acid, hexadecanoic
acid, nicotinic acid,
octadecanoic acid,
succinic acid,

Temperature Fisher’s least threonic acid, -Glyceric acid, malic
. . .. e Gaphs were plotted . . . )
10 Qietal. (2017) Zea mays manipulationin =~ GC-MS significant usine Excel 2003 asparagine, aspartic  acid, glycine, galactose,
Protoplasma (leaves) pot conditions difference (LSD) (Micrgoso f, USA) acid, glutamic acid, melibiose, inositol,
(phytotron) test analysis by § ' isoleucine, lysine, mannitol.
using SPSS 13.0 phenylalanine,
software (IBM, proline, serine,
Chicago, IL, USA) valine, fructose,
gentiobiose, glucose,
xylitol
Anova with -Fructose, glyceril
Duncan’s glycoside, leucine, .
. . . -Fructose, , mannitol,
Multiple Range serine, tyrosine, swlitol. arabitol
Test. (MANOVA tryptophan, yuroL ’
S, Prunus Temperature . .. asparagine, glutamate,
Michailidis et al. . L LC- and Spearman esculetin, phlorizin, .
11 mahaleb manipulation in . threonine, tartarate,
(2019) Planta . MS/MS correlation kaempferol-3- L.
(fruit) common garden . o valinin,
analysis rutinoside, . .
. . . cryptochlorogenic acid,
were done with naringenin-7- ercitin. arbutin
SPSS (SPSS v21.0., glucoside, petunidin, q tn, arbu
Chicago, USA). peonidin, cyanidin
PLS-DA and Online MWDB -Kuromanin,
OPLS-DA were (metware cyaniding O-hexosyl-
Temperature conducted using database from O-hexosyl-O- . -
. . L . . -Dihydroquercitin,
Shen et al. Camelia manipulation in the package ropls Metware hexoside, cyaniding
. . . LC- . . L . pentamethoxuchalcone,
12 (2019) Tree sinensis pot conditions MS/MS (version 1.4.2) Biotechnology Co., O-syringic acid, O-acetvhexoxide
Physiology (leaves) (growth under R Ltd, Wuhan) (Chen  kuromanin chloride, Y . !
: .1 quercitin
chamber) package (version et al. 2013), cyaniding 3-
3.0.3, www.r- MassBank galactoside, N-

project.org)

(http://www.massb

acatylmannosamine




ank.jp/),
KNAPSAcK
(http://kanaya.naist
Jjp/KNApPSAcK/),
HMDB
(http://www.hmdb.
ca/) (Wishart et al.
2013), MoTo
Database
(http://www.ab.wu
r.
nl/moto/) and
METLIN
(http://metlin.scrip
ps-edu/index.php)
(Schultz et al. 2013)
databases

Temperature

Student’s t-test

Chroma TOF 4.3X
software and the

Ren et al. (2019) Populus mampula?lf)n in and PCA with LECO-Fiehn Rix5 Galac.tn}ol, raffl.nose, Myo-ll:‘lOSltOl, pyruvate,
13 tomentosa pot conditions GC-MS . melibiose, serine, succinate, fumarate,
Forests SPSS, (Chicago, database (LECO . . . .
(leaves) (growth . leucine, proline citruline
chamber) IL, USA Corporation, St.
Joseph, MI, USA)
Matched pairs ¢- -N-acetylmethionine, -N-acatylserine,
test (one sample ¢- 2-isopropylmalate, tyrosine, N-
test), one-way putrescine, a- acetylphenylanine, N-
Arabidopsis Temperature ANOVA and two- ketoglutarate, formylphenylalanine,
Serrano et al. . P manipulation in way ANOVA METABOLON, Inc.  fumarate, galactinol, N-acetylthreonine, N-
L thaliana .\ LC- . . . .
14 (2019) Scientific pot conditions with R (North Carolina, raffinose, staschyose, acetylglutamine, N-
(abovegroun MS/MS .
Reports d) (growth (http://cran.r- USA) 2-hydroxylaurate, acetylleucine, sucrose,
chamber) project.org/) and oleylcholine, glunonate, 3-
JMP (SAS, glycerol-3-P, hydroxybutyrate,
http://www.jmp.c glycerolphosphoetha undercanadioate, 1-

om)

nolamine, delta-

linolenoyll-GPC,




tocopherol, N- methyladenosine, O-
carbomoylaspartate, methyluridine,
narigenin, sinapate, guanylyluridine,
lariciresinol, sucrose, uridyylguanisine

glycerol-3-p,
adenitylsuccinate

Chroma TOF 4.3X
software (Leco

Corp.) and the -Histidine, glycine
Wang et al. Triticum Temperature Leco-Fiehn Rtx5 trvbto hanl ?le}zlucin,e
15 (2018) Journal of aestivum manipulation in LC- Database. cyiteil:r)le a,s artate I Asparagine, serine
Experimental : pot conditions MS/MS Enrichment ystetne, aspartate, paragine,
(grain) . alanine, valine,
Botany (greenhouse) analysis was . .
. tyrosine, lysine
performed using
the software
Metaboanalyst 2.0
AOVA, sPLS and .
. -Citrate, aspartate,
PCA using
Temperature glutamate,
. . . the software R . ) . -Malate, glycerate,
Correira et al. Eucalyptus manipulation in isoleucine, proline,
. i, v3.1.2 (R Core ) fructose-6P,
16 (2018) Frontieres globulus pot conditions GC-MS phenylalanine, . .
. . Team 2014) core dihydroxydihydrofuran
in Plant Science (leaves) (growth . tryptophan, urea,
functions . . one
chamber) mannitol, sorbitol,
plus the package inositol
mixOmics v.4.0.2
Mixed lineal
model with ChromaTof -o-sitosterol,
treatment as fixed software version , ethanolamine, serine,
-Pyruvate, haxanoic . .
. effects, and 4.50.8.0 . galactinol, pyroglutamic
Koscielny et al. Brasica napus Temperature season, genotype, (LECO) and Refiner acid, 2- acid, myo-inositol
p manipulationin ~ GC-MS s BENOTYPE hydroxyglutaric acid, /Y !

17 (2019) Crop
Pasture Science

(flowers)

growth chamber

as random effects
along with
replicate, which
was nested within
treatmentusing

MS software
version
8.1 (Genedata,
Basel, Switzerland)

fructose, raffinose,
sucrose, adenosine

aspartic acid, p-
coumaric acid,
glutamine, digalactosyl
glycerol, valine




Excel 2010 and R
(R Foundation for

Statistical
computing,
Vienna).
ANOVA of all
determined
metabolites
comparing
Rizhsky et al. Arabidopsis Temperature control vs -Hydroxysuccinic
18 (2004) Plant manipulation in GC-MS treatments. were acid, lactiol, fucose,
: sp. (leaves) . o
Physiology growth chamber done using the melibiose
SAS system
version 8.2 (SAS
Institute, Cary,
NC)
-Uracil, quninic acid,
mannose, myo-
inositol, shikimic
ANOVA was acid, aminovalonic
done using the acid, bibonic acid,
Kruskal-Wallis xylitol, x-ketoglutaric
post-hoc test and acid, alanine, citric
Kaplan et al. Arabidopsis Temperature PCA were. acid, ery.thlrcl)l, -Citramalic acid,
19 (2004) Plant sp. manipulationin ~ GC-Mg  Performed with erythronic acid, glycine, glycerid acid,
: the S-Plus 2000 fructose, fumaric
Physiology (leaves) growth chamber aspartate

software package
standard
edition release 3
(Insightful,
Berlin)

acid, GABA,
galactinol, galactonic
acid, glycerol,
glycine, alanine,
asparagine, glycerol,
homoserine, ileucine,
leucine, lysine,
methionine,




threonine, tyrosine,

valine, malic acid,

maltose, melibiose,
myoinositol,

ornithine, putrescine,

raffinose, ribose,
succinic acid,
sucrose, succinic
acid, threonic acid,
trehalose, tyramine,
xylulose

Austen et al.
20 (2019) Frontieres
in Plant Science

Salix sp
(leaves)

Temperature
manipulation in
growth chamber

GC-FID
GC-MS

A two-way
ANOVA with
Post Hoc Tukey
Using the
Minitab® Version
17 (Minitab Inc,
2010) Software
Package was used
to determine
whether there
was a difference
in total isoprene
in each sample in
relation to the
treatments. OPLS-
DA and PCA
using the SIMCA
(Umetrics)
statistical package

Metlin
(https://metlin.scrip
ps.edu) and Kegg
(http://www.geno
me.jp/kegg/pathwa
y.html) databases

-P-coumaryol-CoA,
Cinnamoyl-CoA,
pyruvate,
glyceraldehyde-P,
isopenthenyl-PP,
dimethylallyl-PP,
isoprene, geranyl-PP

-Quercitin, apigenin,
cyaniding, luteolin,

kaempferol, naringenin

Raval et al.
(2018) Plant
Growth
Regulation

21

Arachis

hypogaea
(leaves)

Temperature
manipulation in
pot conditions
(greenhouse)

MS/MS
GC-MS

Data processing
and statistical
analysis of
untargeted

Metabolites were
putatively
identified by
matching their

-Putrescine,
galactose, threonine,
hexopyranose,
stearic acid,




metabolites was
carried out using
MetaboAnalyst
3.0

mass spectra to
spectra in NIST 14
library (National
Institute of
Standards and
Technology,
Gaithersburg, MD,
USA). Baseline
correction,
alignment, peak
picking, and
integration were
performed using
the ACD/Spec
Manager v.12.00
(Advanced
Chemistry
Development, Inc.,
ACD/Labs,
Toronto, Canada)

Ketoglucose, gulose,
serine, catechin,
epicatechin

22

Glaubitz et al.
(2016) Plant Cell
Environment

Oryza sativa
(leaves)

Temperature
manipulatuion
in chamber
experiment

PCA was
performed using
the R (www.r-
project.org)
pcaMethods
package version
1.64.0. Correlation
analysis of
metabolite pools
with the HNT
sensitivity rank
was performed
with SigmaPlot

GC-MS

Visualization and
data-mining
software
MultiExperiment
Viewer
(www.tm4.org/mev
; version
4.5.1)

Arabinose, fructose,
glucose, thamnose,
asparagine, leucine,
methionine,
phenylalamine,
threonine, aspartic
acid, salicylic acid,
putrescine, saccharic
acid, galactiol,
sorbitol, pantothenic
acid

Sucrose, ascorbic acid,
citric acid, isocitric acid,
pyridine, glyceric acid




12.3 using
Spearman’s rank
correlation with

Benjamini—
Hochberg
correction. The
cluster analysis
and visualization
of multivariate
intensity
profiles were
carried out in
MarVis-Cluster

Table S3. CO2.

oy e . Species Site and Metaboli Metabolic pathways Metabolic pathways
Bibliographi . . . . . . .
c data (organs treatment/gradi C Statistical methods Bioinformatic tools and/or metabolites and/or metabolites
studied) ent conditions  platform up-regulated down-regulated
Noguchi et Qeneralized .linear
al. (2018) mixed model in Imed Alanine, asparagine
Plant Cell Oryza sativa FA,CE LC-MS pz.acl.<agew1th the histidine, 2-oxoglutarate
and (leaves) experiment statistical software R trvotophan. elucose
Environment (R Core Team YR ®
2016).
Fructose,
MINE soft d ine,
. mz . sottware eoxyguar.losme Mannitol, adenosine,
Linear models version 2.1. Plant- guanosine, histamine
Geng et al. Brassica (ANOVA) using R Cyc, KEGG, guanidine, xanthine, . L
Open chamber . - . naringenin,
(2016) The napus . LC-MS version 3.3.2 (R LipidMaps, hypoxanthine, A
experiment . . . . isoliquiritigenin,
Plant Journal (leaves) Development Core ChemSpider, riboflavin, cysteine, salicin. orotate
Team, 2015). METLIN, and histidine, lysine, o ’
: inosine
PubChem databases asparagine,

masaconic acid,




oxaloacetate, malate,
fumarate, succinate,
cis-aconitate,
shikimate,
tryptophan, IAA,
lactose, galactose,
betaine, sarcosine,
dimethylglicine,
glutamine,
citramalate,
pyroglutamate,
cyanidin, apigenin,
luteolin, quercitin,
esculetin, malonate,
thymine, uridine,
glutamate,
pyroglutamate,
cytidine, vanillite,
alanine, threonine,
leucine, isoleucine,
galactinol, lactose, JA

MS libraries (Agilent =~ Malic acid, glycolic
ANOVAwith Fiehn GC-MS acid, oleic acid,
, Student Newman— Metabolomics RTL linoleic acid,
Fernandez . . - R
. Keuls post-hoc Library, linolenic acid, Oxalic acid, myo-
de Simon et . . . . L
. . testsby using SAS Wiley7/Nist05 sinapoyl inositol,
al. (2018) Pinus Pot experiment . . . . ..
. . GC-MS program (version GC/MS Libraries. desoxyhexose, pinitol,glycolic acid,
Plant pinaster in grown . . . . Lo .
Phvsiolo (leaves) chamber LC-MS 9.3; SAS Institute, Metabolite mapping cumaroyl quinic oleic acid, linolenic
y 8y Cary, NC). OPLS-DA  was performed into acid, quercitin, acid, shikinic acid, -
and . . .
. . (Software SIMCA- general biochemical astragalain, humulene
Biochemistry . . ;
13.0, Umetrics AB, pathways according levopimaral,
Sweden) to Kyoto kaemphenol-O-
Encyclopaedia of hexoside




Genes the and
Genomes
(KEGG,
http://www.genome.j
p/kegg/), the Human
Metabolome
Database
(HMDB,
http://www.hmdb.ca
/), PubChem project
(PubChem,
http://pubchem.ncbi.
nlm.nih.gov/), and
MetaCyc Metabolic
Pathway
Database (MetaCyc,

http://metacyc.org/)

De Souza et
al.
(2015)Plant
Physiology

Shorgum
bicolor Pot experiment
(leaves, in grown
roots and chamber
grain)

Student’s t test (n =
3) using J]MP
Statistical Discovery
Software, version
5.0.1.
LC- PCA using the
MS/MS softwareMinitab
version 14.1. Heat
maps were
generated
usingMetaboAnalyst
version 3.0

-Grain. Cysteine,
pyruvate,
phosphoenolpyruvat
e, fructose, glucose,
sucrose, glycine,
mevalonate,
tryptophan, leucine,
phenylalalanine,
proline, ADP,
histidine, threonine,
methionine, sorbitol,
alanine, inositol,
shikimate, UMP
-Leaves.
Homoserine,
arginine, asparagine,
histidine




-Roots. GTP

K henol
DataAnalysis . aemp eno. .
derivate, petunidin-
software (ver. 4.1,
Creydt et al. . aldopentose-
Bruker Daltonik . .
(2019) Sambucus LC- GmbH) dihexoside,
Journal of nigra Greenhouse PCA and PLS-DA . - Procyanidin quercetin-
. MS/MS ProfileAnalysis
Plant (fruits) aldopentose-
Physiolo software (ver. hexoside, cyaniding-
y &Y 2.1, Bruker Daltonik <y &
GmbH) desoxyhexose-
hexoside
A two-way ANOVA
with Post Hoc Tukey
Using the Minitab®
Version 17 (Minitab
Inc, 2010) Software
Package was used to Metlin Cinnamoyl-CoA, p- . . .
. . . Luteolin, naringenin,
Austen et al. determine whether  (https://metlin.scripp Coumaroyl-CoA, )
) dihydrokaemphenol,
(2019) Salix spp. Chamber GC- there was a s.edu) and Kegg pyruvate, kaemphenol
Frontieres in (leaf) experiment MS/MS difference in total ~ (http://www.genome. dimethylallyl-PP, SMpREnos,
. . . . quercitin, apigenin,
Plant Science isoprene in each jp/kegg/pathway.htm Isopentenyl-PP, cvanidin
sample in relation to 1) databases isoprene y
the treatments.
OPLS-DA and PCA
using the SIMCA
(Umetrics) statistical
package
Pair-wise crossed Caffeic acid, quinate
Aranjuelo et Student-Welsh, Aconitate ,rrcllalate !
al. (2015) Triticum ANOVA.' and OP]_“S_ LECO Pegasus citrate, succinate, Lysmaf tryptolphan,
Plant Cell durum (leaf) Greenhouse GC-MS DA carried out with software citrate. threonic acid glycine, serine,
and Simca® (MKS ’ ’ GABA, proline
. . .. glucose, fructose,
Environment Umetrics, Malmo,

Sweden).

oxoglutarate




Aranjuelo et

two-factor ANOVA

Maleate, proline,

GABA, glutamine,
isoleucine,
phenylalamine,
putrescine, ribose,

al. 2015) ] Nicotiana with post-hoc test quinate, glucose, fructose. mannose
o tabacum L. Pot-Phytotron GC-MS (LSD) in SPSS glycerol, myo- T ’
Expenmental . : talose, serine,
Botan (leaves) v.12.0 ( SPSS Inc., inositol, galctonate, threonine. elveine
y Chicago, IL, USA). sucrose » VNS
methylmaleate,
glycerate, sorbitol,
xylose
Norleucine,
aspartate, proline,
Hogy et al. library NIST 2005 N Efi:;oiiﬁime
(2010) Triticum ANOVA using SPSS  (NIST, Gaithersburg, Spermidine, ribose, cgsteine; tvrosine !
9 Journal of aesticum FACE GC-MS PCp (version 15.0 USA) and the pyruvate, glucuronic Y &y ’
. . - Ketoaminobutyrate,
Cereal (grain) for windows) Golm metabolome acid
. gluconate, myo-
Science database o
inositol, glycerol,
pyrate, glucuronic
acid
ANOVA using Citrate, isocitrate,
Microsoft Excel 2002 ) ’ 7
. . HP Chemstation malate, succinate,
Lietal (Microsoft (Agilent, Palo Alto tryptophan Glycine, leucine
(2008) Plant  Arabidopsis Corporation, Seattle, glc A/ USA) , hgap lurl)anin,e valijrvie u; ara in,e
10 Celland thaliana FACE GC-MS WA, USA). PCA g preny ' , Aparagine,
) . and AMDIS (NIST, fructose, glucose, aspartate, isoleucine,
Environment (leaves) implemented . . .
. Gaithersburg, MD, maltose, galactose, threonine, proline
al in XLSTAT-2007 USA) programs raffinose, histidine
(Addinsoft, New P lysine nliethionine,
York, NYY, USA) ystne
ANOVA with post- 1
Wedow et al. Panicum hoc tests using a AMDIS 2.71 (NIST, Benzvlelucopvranosi  2-Methvlmalic acid
11 (2019) maximum FACE GC-MS two-tailed Dunnett, Gaithersburg, . Ve . Py . y . o
. . de, isoleucine, quinic o-cetoglutaric acid,
Metabolites (leaves) comparing each MD, USA) program

treatment to the

acid, glycerid acid




control all therm
using SAS
(SAS/STAT v9.4, SAS
Institute, Inc.)

-Leaves: Celobiose,
galactinol, mucic
acid, linoleic acid,

ANAOVA with least NIST MS spectral -Roots: b-sitosterol,
Poa . square differences search libraries campesterol,
. Pot experiment . . K -Leaves: Glucose, .
1 Zhuang et al. pratensis in a erowth GC-MS (LSD) using SPSS (National Institute of sucrose. tacalose stigmasterol,
(2019) (leave and & 13.0 (SPSS Inc., Standards and » 138 ’ galacturonic acid,
chamber . -Roots: Sucrose o
roots) Chicago, Technology, palmitic acid,
IL, USA). NIST MS search 2.2). linolenic acid,
gluconic acid,
succinic acid,
turanose, sucrose
2-hydroxyglutaric
acid, alanine, 2-
Prins et al. Student’s f-test or Galactose, glucose, ketoglutarate,
(2011) Plant, Zea mays Chamber C linolenic acid, glutaric acid, m-
13 . GC-MS least significant . .. C
Cell and (leaves) experiment . linoleic acid, hydroxybenzoic acid,
) difference (LSD) test .
Environment mannose myo-inositol, p-
hydroxybenzoic,
proline
Ribose, monomethyl Oxoretinol,
glutaric acid, ethanolamine,
Quinovose, altretamine,
Lietal. PLS-DA PCA i lic aci h i leri
ieta Cucumis @) . S and .C XCMS online Citramalic acid, y.droxylsova eric
(2018) . Pot-chamber withXCMS online . . hydroxyl acid, tryptophan,
14 . sativus . LC-MS . . (http://metlin.scripps. . . .
Analytical experiment (http://metlin.scripps phennethylalamine, linolenic acid,
. . (leaves) edu/xcms/) .
Biochemistry .edu/xcms/) tryptophan, guanosine,
propylene glycol, methylophenylacetic

petroselinic acid,
glutathione,

acid, GABA,
butyrolactone, anisic




acid, betaine
aldehyde

pipecolic acid,
thioadenosine,
raffinose,
pyridoxiamine-5P,
iditol, fucose,
trehalose,
phenylalanine,
sucrose, cytosine,
mannose, isoleucine,
alanine, arginine,
vanillic acid,
citraconic acid,
hydroxybutyric acid,
abcisic acid,
aminopterin,
phenylpyruvate,
stachytose,
hydroxycinnamic
acid, glucose,
tagatose,
methylmalonic acid,
stachytose, proline,
xylitol

15

Levine et al.
(2008)
Advances in
Space
Research

Triticum
aesticum
(leaves)

Pot-chamber
experiment

ANOVA based on
the SAS. PCA was
performed
with the S-Plus 2000
software package
(Insightful, Berlin
Germany)

MassLab version 1.4
software
(ThermoQuest).
AMDIS and NIST02

Sucrose, fructose,
glucose, flavonoids

16

Miyagi et al.
(2011)
Metabolomic
s

Rumex
obtusifolius
(leaves)

Pot-chamber

Using Microsoft
Excel 2003 and
Visual Basic 6.0, the
heatmap

Citrate, succinate,
phenylalanine,
isocitrate, shikimate,
malate, aconitate,

For visualization
analyses employed
the Statistical

Ornithine




Package for the fumarate, coumarate,

were developed.

Correlation and the Social Sciences oxaloacetate,

Student t test (SPSS v10.0). pyruvate, ascorbate,
analysis PEP, glyceraldehyde,
were obtained by glicyne, citruline,
SPSS. alanine, valine,
cinnamate,
methionine, GABA
Table S4. N-deposition (loads).
Metabolic Maet::zh:
S . Species Site and Metaboli pathways P y
N Bibliographi . . . . . . and/or
(organs treatment/gradien c Statistical methods Bioinformatic tools and/or .
o c data i O . metabolites
studied) t conditions platform metabolites
up-regulated down-
p-reg regulated
Simple regression DATAANALYSIS
analysis (trend) was 3.4 Windows
Freitag et al. Cladonia performed on 2000/Windows XP
(2012) portentosa N-deposition normalized data in application (Bruker  -Several fatty
1 . . . LC-MS . N .
Physiologia  (aboveground gradient Excel 2003. Spearman’s ~ Daltonics, Billerica, acids
Plantarum ) rank order correlation MA),
testand ANOVA were ~ PROFILEANALYSI

perfromed using SPSS S 1.0 (Bruker




14.0 (SPSS Inc., Chicago,
IL). PCA and PLSR

Daltonics).
‘SmartFormula
Manually” option in

DATAANALYSIS
3.4.
- Heisteria
concinna.
- Tetragostris - Heisteria
panamensis. concinna.
Serine Threonine,
Heisteria . caffeic acid
Gargallo- concinna, PERMANOVA, PCA, . Aléﬂs )
Garriga et al. Tetragostris Field N- ANOVA with Hellinger blackiana. - Tetragostris
(2017) panamensis, fertilization LC-MS Bonferroni post hoc test ~ transformation of Pyruvate, panamensis.
PlosOne Alseis blackiana experiment with the data uracil, ribose, Adenosine,
(leaves) mixOmicspackage of R. dissacarid, choline
hexose,
manitol, - Alseis
sorbitol, blackiana.
ribose, Aspartate
glutamine,
pyruvate,
leucine
-06.
Glutamate,
Cystenil-
Lif( ;Sﬁ) CW};‘Z;;‘M Pot-growth PCA using SIMCA-P MASSLYNX glycine
. . chamber TOE-MS (Umetrics, Umea, (Waters, Milford,
Physiologia  genotypes 06, experiment Sweden) MA,) software 07.
Plantarum 07,12 ! Glutamate,
Cystenil-

glycine




-12.
Glutamate,
Cystenil-
glycine

4

Paudel et al.
(2016) BMC
Plant Biology

Arabidopsis
thaliana
(leaves)

Pot-growth
chamber LC-MS

experiment

PCA and Heatmaps
with MetaboAnalyst 3.0
(www.metaboanalyst.ca

)

MzMine program
(version 2.10).

Glucoerucin

Jasmonic
acid, 7-
jasmonyl-
isoleucine,
glucoiberin

Huhn and
Schulz (1996)

New
Phytologist

Pinus sylvestris

in different
stands
(needles)
Four studies

Field gradient

LC-FD
study c

U-test of Mann &
Whitney was calculated
by
using the statistical
package SPSSPC + 4-0
(SPSS
Inc., Chicago, USA).

-Study 1.
Glutamate,
aspartate,
glutamine,
arginine,
proline,
serine,
asparagine,
ornithine.

-Study 2.
Glutamate,
glutamine,

arginine,

proline,
serine,
asparagine,
ornithine.

-Study 3.
Glutamate,
aspartate,
glutamine,
arginine,
proline,




serine,

asparagine,
ornithine,
glycine.
-Study 4.
Glutamate,
aspartate,
glutamine,
arginine,
proline,
serine,
asparagine,
glycine.
-Study 1.
Phenolic
compound,
Kaemphenol
Studv 1 -di-hexoside,
A MIXED MODEL with UYL Kaemphenol
Phenolic . .
a Kenward-Roger test, compound -diglucoside,
heatmaps and ANOVA P quercitin-di-
Lang et al. . .
with Tukey HSD test galactoside,
(2019) Plant e . . . -Study 2. e
. Vitis vinifera Different field (posthoc test) by using . quercitin-
6 Physiology . LC-MS . Phenolic . .
(leaves) experiments Compound Discoverer diglucoside-
and compound .
. . 3.0 galactoside,
Biochemistry s
Software (Thermo quercitin-
. C e -Study 3. .
Fischer Scientific, Phenolic hexoside-
Waltham, MA, USA. glucuronide,
compound
kaemphenol-

tri-glucoside

-Study 2.
Phenolic




compound,
Kaemphenol
-di-hexoside,
Kaemphenol
diglucoside,
quercitin-di-
galactoside,
quercitin-
diglucoside-
galactoside,
kaemphenol-
tri-glucoside

-Study 3.
Kaemphenol
-di-hexoside,
Kaemphenol
diglucoside,
kaemphenol-
tri-glucoside

Heyneke et al.
(2017)
Frontieres in
Plant Science

Triticum
aesticum
(leaves)

Pearson correlation
analysis, PCA and
ANOVA were
performed using R
statistical language
(http://www.1-
project.org/)

Field experiment GC-MS TagFinder software

Choline,
aspartate,
glutamate,
serine,
glycine,
glutamine,
valine,
isoleucine,
tyrosine,
leucine,
phenylalanine
, lysine,

1-Ketose,
shikimate,
quinic acid,
galactiol,
xylose,
sorbitol,
ribulose,
fucose,
lyxose,
erythriol,
isocitrate




histidine,
arginine,
tryptophan,
asparagine,
Cis-aconitate,
erythromate,
alanine
ANOVA, followed by
Hu et al. Tukey's HS,’D test Glutamine,
(2019) Plant performed Jeng Excel glutamate,
8 Physiology Populus sp Pot-chamber LC- software (Microsoft, asparagine
(leaves) experiment MS/MS Redmond, WA, USA), !
and .. oxalacetate,
Biochemistry and [BM SPSS Statistics citric acid
20.0 (StataCorp, College
Station, TX, USA).
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