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Supplementary Table S1. Summary of methods used to directly detect and quantify ROS.

relative changes

tobacco leaves

H>0; in Arabidopsis 1t and
tobacco leaves 12; H,0,

Target Method/Probe Quantitative/ Ratiometric? Examples of plant Spatial and/or temporal Applications Limitations
qualitative species resolution
Chemical Probes
0y~ Tetrazolium dyes Semi-quantitative | No Tobacco suspension | Tissue-level resolution Measuring hypersensitive Non-specific to 02",
(requires cells, strawberry response of tobacco to affected by O; availability
extraction and plant leaves parasite infection 1, and can generate O°~
chromatographic quantification of ROS in
measurement) strawberry plants exposed to
different stress conditions 2.

Dihydroethidium Semi-quantitative | No Pea and rice Cytosolic Investigating silver Specificity requires
(requires seedlings nanoparticle toxicity in rice 3 chromatographic
extraction and and Cd toxicity responses in verification of oxidation
chromatographic pea 4 product. Can react with
measurement) other cellular components

MitoSOX Quantitative No Arabidopsis Mitochondrially-targeted | Salicylic acid induced ROS Specificity requires

but extraction may be generation and signaling chromatographic
required pathway > verification of oxidation
product
H.0; Cerium chloride Quantitative with | No Lettuce leaves 5h-8h incubation Hypersensitivity in response Requires long incubation
transmission required; targets cell wall | to bacterial infection © times and specialized
electron equipment
microscopy

3,3- Qualitative No Arabidopsis leaves, 4h-5h incubation Peroxidase-dependent Requires long incubation

Diaminobenzidine tomato fruit, roots required; shorter (15s) oxidative burst in Arabidopsis | time and peroxidase

(DAB) and stems with tissue printing’” immunity 8; H,0, localization activity

in large and thick plant
organs; stem, roots and fruits
7-
Luminol (Chemi- Quantitative for No Garden cress, Fast detection (seconds) Abiotic stress (salt, drought, Signal quenching by other
luminescence) relative changes rosehip, coltsfoot cold, and heat) response of cellular components
and English the antioxidative system °;
plantain. Antioxidants in herbal
extracts 10
Amplex Red Quantitative for No Arabidopsis and Extracellular Detection of extracellular Cell-impermeable,

photochemical oxidation is




production in response to
heavy metals!3

possible, may cause cellular
stress

Dihydrofluorescein Qualitative and No Tobacco, poppy Intracellular; fluorescence | ROS generation during pollen | Can react with other ROS,
and related guantitative plants and develops within minutes tube development 14; Self- susceptible to
molecules Arabidopsis of H,0, exposure. incompatibility response of photooxidation and
poppy °; plant pathogen photobleaching
interaction?é; role of H,0, in
ethylene-induced stomatal
closure.l”
Boronate probes Qualitative No Arabidopsis Intracellular using Response to bacterial Can also be oxidized by
confocal microscopy infection 18 HOCl and ONOO-
Single-walled Quantitative Yes Arabidopsis, Spatial resolution at H,0; fluctuations post Not (yet) commercially
carbon nanotube (ratiometric) lettuce, arugula, tissue level (leaf regions). | wounding and light stress 1° available
spinach, Temporal resolution
strawberry, sorrel. limited by camera frame
rate of 2 frames per
second; quenching 1-2
mins
Hybrid of silicon Quantitative with | Yes Lettuce Spatial resolution at Wound-induced H,0, Fluorescence signal
oxide quantum dots | optimisation tissue level (leaf regions). | formation in lettuce 2° overlaps with chlorophyll
and silver fluorescence
nanoclusters
10, DanePy Quantitative for No Broad bean leaves, Thylakoid membranes, Photoinhibition of broad ROS mediated quenching of
relative changes Arabidopsis Arabidopsis chloroplast bean leaves 21; Excess fluorescence
photosynthetically active
radiation in Arabidopsis 22
Singlet Oxygen Quantitative for No Arabidopsis Spatial resolution at High light-dark treatment, UV photobleaching and
Sensor Green relative changes tissue level; ~20 mins wounding and herbicide high photosensitivity. Cell
(SOSG) required for signal (DCMU) treatment 23, impermeable.
detection
Fluorescent Biosensors
Redox roGFP1 and roGFP2 | Quantitative and Yes Arabidopsis Cytosol, mitochondria, Measurement of glutathione Global cellular redox status
status qualitative ER, peroxisomes redox potential in the cytosol | only, lack specificity,
24, drought 2° and salinity requires transformation
stress2®
H,0, HyPer and roGFP2- Qualitative and Yes Tobacco, Chloroplast stroma, Photosynthesis-dependent pH-sensitivity needs to be
Orpl quantitative Arabidopsis, cytosol, nuclei and H,0; transfer in Nicotiana 7’; carefully controlled;
legume-rhizobium mitochondria; rhizobium monitoring in vivo H,0, requires transformation
symbioses nodules dynamics during elicitor-




induced oxidative burst in
Arabidopsis 28; dynamic
changes in H,0; in
Arabidopsis roots induced by
aluminum treatment 29;
imaging H,0, accumulation in
root nodules 30,

EPR-based detection

Spin traps
10, DMPO Quantitative No Arabidopsis Organellar level (with Photoinhibition-dependent Solvation properties of
extraction); limited singlet oxygen and free spin-traps can be
temporal resolution due radical production 31 incompatible with
DEPMPO Quantitative No Maize to time required for Optimization of method for biological tissue; low
preparation and analysis. | apoplastic fluid extraction 32 sensitivity requires high
TEMPD Quantitative No Pea plants Assessing the photobleaching | concentrations of spin trap
of chlorophyll 33. (10-100 mM).
*OH 4-POBN Qualitative and No Pea plants, Diffusion of hydrogen
guantitative Arabidopsis, peroxide through the
Cucumber, Maize chloroplast envelope 34;
seedling hydroxyl radical production in
cucumber roots and
Arabidopsis seedlings 3%; ROS
role in maize root wall
loosening and elongation 36,
Spin probes
Total 5-SASL Qualitative and No Pea leaves Organellar level (with Photobleaching of chlorophyll | Lipid soluble (can be a
radical quantitative extraction), e.g. thylakoid | in Light-Harvesting Complex Il | benefit)
product lipid vesicles. Slow 33
jon preparation.
0, PTM-TC Qualitative and No Arabidopsis root Extracellular ROS generation in root due to | Cell impermeable
quantitative leaf injury 33,
TMT-H Qualitative and No Rice Limited temporal Influence of ethylene on ROS | Lipid soluble; unspecific
guantitative resolution due to time levels3’; role of ROS signaling | interaction with ROS; auto-
required for preparation in post-submergence oxidation in the presence of
and analysis. recovery3? metal ions3°




Supplementary Table S2. Summary of methods used to detect and quantify redox markers.

Target Method Quantitative/ Examples of plant Application Limitation
qualitative species/cell types

Cysteine ‘Tag-Switch’: differential Qualitative or Arabidopsis (whole cell, | H,0,-sensitive proteome of the chloroplast 4; Does not reliably

oxidative alkylation and subsequent quantitative chloroplast, leaves, dormant, non-dormant, abscisic acid- or gibberellic differentiate CysOxPTMs,

modifications identification roots, shoots), wheat acid-treated seed protein extracts of wheat 41; incomplete or unspecific
(general) seeds, tomato leaves, redox-modified proteins in response to methyl thiol blocking, incomplete
soybean leaves. jasmonate 4%; profiling the thiol redox proteome in reduction, sample
tomato leaves after bacterial infection 43; H,0,- degradation.
sensitive proteins in Arabidopsis leaves 44;
ozone-induced response in soybean 45; H,0,
treatment of Arabidopsis #6.
Disulfide, S-S Modified tag-switch Qualitative Wheat endosperm, Understanding thioredoxin-linked metabolic Lack of specificity as Trxs or
method including specific sweet tobacco, processes of cereal 47 48 ; role of cystines in pollen Trx-like enzymes can reduce
reduction by thioredoxin barrelclover, barley rejection #° ; role of thioredoxin-linked proteins in S-glutathionylation and
germination %% identification of thioredoxin targets .
¢ sulfhydration.
in barley embryo 51,

Trx-affinity Qualitative Arabidopsis, spinach, Identification of thioredoxin targets 525354 48

chromatography potato, pea, wheat

Cys-sulfenic acid,
SOH

Direct Detection: specific
labelling with chemical
probes (dimedone,
dimedone-functionalised
DCP-Biol, DYn-2, BTD)

Qualitative and
globally
quantitative

Arabidopsis,
barrelclover

Quantification of redox-sensitive sites 55;
identification of sulfenylated proteins in H,0,-
stressed Arabidopsis seedlings. 5657; role of
sulfenylation in the development and functioning of
symbiotic interactions 8.

Limited to site specific
quantification of the
modification

glutathionylation
(-55G)

labelling

C.reinhardtii green
algae

targets of S-thiolation 3

YAP1C biosensor Qualitative and Arabidopsis H,0,-dependent sulfenome characterisation5%-61 Requires transformation
globally
quantitative
S- 35S-radiolabelled Cys Qualitative Arabidopsis cells, Impact of external oxidative stress 2 and in vivo

Biotinylated glutathione or
glutathione ethyl ester

Qualitative and
quantitative

Arabidopsis cells,
C.reinhardtii green
algae

Impact of external oxidative stress ¢2 and in vivo
targets of glutathionylation &

Glutaredoxin affinity
trapping

Qualitative

Poplar, Arabidopsis,
potato and pea

Identification of plant glutaredoxin targets 5




Methionine Affinity chromatography Qualitative Arabidopsis H,0, treatment to validate MSRB-interacting Only identifies MSRB
sulfoxide using a methionine proteins as MSRB substrates. 66 substrates.
sulfoxide reductase (MSRB)
Combined fractional Qualitative and Arabidopsis Oxidative stress induced by photorespiration
diagonal chromatography globally impairment, high light treatment 67
(COFRADIC) quantitative
Tryptophan Detection of N- Qualitative Potato and rice Selectivity of tryptophan oxidation 8
oxidation formylkynurenin via 2D
electrophoresis coupled
with LC-MS/MS
Protein Derivatisation with 2,4- | Qualitative Rice Identification of oxidised proteins following mild
carbonylation dinitrophenylhydrazine, external H,0; exposure 6°
spectroscopic/
immunogenic detection and
tandem MS.
Fluorescein-5- Quantitative and Wheat Protein carbonylation during natural leaf senescence

thiosemicarbazide (FTC)

qualitative

70

Lipid oxidation

Chemiluminescence

Qualitative for

Almond and almond-

Monitoring lipoxidation during almond processing 7.

Non-specific

products relative changes derived foodstuffs
Thiobarbituric acid-reactive | Qualitative with Beet, red cabbage, | Improving the TBARS assay in plant tissues containing | Anthocyanins can interfere
substances (TBARS) assay; calibration carrot, eggplant, bell | anthocyanin and other compounds 72 mapping | with absorbance; non-
fluorescence microscopy. pepper, radish, spinach, | (potentially toxic) malondialdehyde pools in | specific
tomato and Arabidopsis | Arabidopsis. 73
Antibody-based detection Qualitative Spinach Malondialdehyde causes protein modification in
heat-stressed plants 74
DNP-derivatization of Quantitative Arabidopsis Determination of source fatty acids of potentially
carbonyls coupled with damaging short lipid peroxides in leaves 7>
LC-FTICR-MS analysis
Sugar oxidation | Extraction and LC-MS/MS Qualitative Arabidopsis and barley | Identification of sugars as *OH scavengers 76 Several extraction  steps
products required
Nucleic acid Antibody-based Qualitative Arabidopsis Quantification  of  8-OHdG levels allowed
oxidation immunoassays characterisation of AtOGG1 as having a role in DNA
products damage repair .7’
(8-hydroxy-2-
HPLC Qualitative Currant To assess 80HdG as a biomarker of oxidative stress | Requires extraction

deoxyguanosine
(8-OHdG) in DNA)

and genetic stability in cryopreservation 78




Supplementary Table $3. Summary of methods used to detect and quantify NAD(P)/H.

calibration for absolute
quantification in plants

peroxisomes).
Temporal resolution
seconds to minutes

light 81

Target Probe Quantitative/qualitative Ratiometric? | Examples of | Spatial and Application Limitations
plant temporal resolution
species/ cell
types
NAD(P)H Autofluorescence | Can be quantitative with No Any Not compartment Applied to isolated Cannot detect oxidised
calibration 7° specific; signals plant mitochondria to | forms, NAD* or NADP*
often dominated by | quantify bound and
mitochondria. free NADH 80
Temporal resolution
seconds to minutes
Free® NADH:NAD* SoNar (biosensor) | Quantitative for relative Yes Arabidopsis | Compartment Export of excess Requires pH correction
changes but still requires cotyledons/ | specific (cytosol and | reductant form with additional
development of seedlings plastids). Temporal chloroplasts in the fluorescent sensor.
calibration for absolute resolution seconds light 81 Requires genetic
quantification in plants to minutes transformations.
Free NADH:NAD* Peredox-mCherry | Quantitative for relative Yes Arabidopsis | Compartment Immune response &2, Requires genetic
(biosensor) changes but still requires mature specific (cytosol).82 NAD*-transporters, transformation.
development of leaves and Temporal resolution | stomatal
calibration for absolute seedlings seconds to minutes development, 83
quantification in plants reductant export
from chloroplasts in
the light®*
Free NADPH iNap (biosensor) Quantitative for relative Yes Arabidopsis | Compartment Export of excess Requires pH correction
changes but still requires cotyledons/ | specific (cytosol reductant from with additional
development of seedlings plastids and chloroplasts in the fluorescent sensor.

Requires genetic
transformations.

a Free as opposed to protein bound metabolites




Supplementary Table S4. Summary of methods used to detect and quantify ROS scavengers.

DTNB method

(following extraction)

glutathione
crude plant

cell  cycling®;
estimation in
extracts 21,

Target Method Quantitative/ Examples of plant Degree of spatial Application Limitation
qualitative species/cell types resolution
Ascorbate Spectrophotometric Quantitative Barley and Arabidopsis Leaves Is ascorbate content of leaf | Risk of ascorbate oxidation in
measurement responsible for overestimation | sample preparation
of H,0; in leaves? 8>
HPLC Quantitative Range of horticultural Leaves, stems, Quantitative differentiation of | Risk of ascorbate oxidation in
products 8; Arabidopsis | flowers ascorbate at organ and growth | sample preparation
87, phase of plant.
Histochemical labelling Qualitative Pumpkin. Cells and tissues of Localization of ascorbic acid in | Requires cold and acidic
(silver nitrate) the root apex C. maxima root 88, conditions
Antibody labelling Qualitative Arabidopsis and Chloroplasts, Ascorbate  distribution in | Primary antibody cannot
tobacco mitochondria and response to light stress 89, distinguish between ascorbate,
peroxisome dehydroascorbate (DHA) and
monodehydroascorbate
Glutathione Ellman’s reagent or Quantitative Arabidopsis, soybean Organelle level Role of nuclear glutathione in | DTNB also reacts with other

cellular thiols

Chromatographic (HPLC,
Capillary electrophoresis,
LC-MS)

Quantitative

Maize, spinach,
watermelon, potato,
tomato and French
beans

Endosperms, scutella,
roots, and shoots of

maize seedlings;
vascular plant
extracts; soft-rot of

French beans

Glutathione distribution in
maize seedlings in response to
Cd treatment 9% fungal
infection effect on redox
markers 93,

Limited specificity and alteration
of the glutathione pool during
extraction

Fluorescent dyes
(Monochlorobimane and
monobromobimane)

Quantitative (for
relative changes)

Arabidopsis

Trichoblast (root hair
cells), atrichoblasts of
Arabidopsis root;
nuclei and cytosol of
Arabidopsis root.

Direct measurement of
glutathione in epidermal cells
of Arabidopsis %;
measurement of glutathione
levels in intact roots of
Arabidopsis %5

Cell toxicity, reacts with other
cellular thiols, cannot enter
chloroplasts

GRX1-roGFP2

Quantitative

Arabidopsis, Tobacco

Chloroplasts,
mitochondria,
cytosol, ER

Quantification of glutathione
redox potential during seed
germination and redox
stress?6.97

Measures glutathione redox
potential rather than
concentration; requires
transformation




Supplementary Table S5. Summary of methods used to detect and quantify O; in plant cells and tissues.

Method Quantitative/qualitative Examples of plant Degree of spatial | Application Limitation
species/cell types and temporal
resolution
Clark-type electrode Quantitative Arabidopsis, chickpea, 10 pm spatial Measurement of intrinsic O, in | Invasive and physically damaging, consume
potato, castor plants resolution, <1's different plant tissues 98; | 02 so may disrupt local O, homeostasis.
temporal identification of developmentally | Only allow local measurement.
resolution important hypoxic niche in shoot
apical meristems 99
Luminescent (optic) Quantitative Range of seeds (e.g. 50 pum spatial Role of hypoxia in seed | Invasive and physically damaging; can be
probes pea, barley, maize, resolution, <1's germination, O, dynamics during | light sensitive. Only allow local
sunflower), sea grass, temporal submergence in ricel®!, O, dynamics | measurement.
rice and algae resolution during heat stress of sea grass at low
tide 102
Human O,-sensing Quantitative within limits Arabidopsis seedlings Slow temporal Proof of principle of 0O,- | Slow temporal resolution, limited dynamic
cassette coupled to and protoplasts resolution responsiveness 103 range and O,-sensitivity.
luciferase (hours).
Hypoxia-responsive Quantitative within limits Nicotiana benthamiana | Slow temporal Proof of principle of 0O, | Slow temporal resolution, limited dynamic
promoter element-linked | (ratiometric) resolution responsiveness 104 range and O,-sensitivity.
UnaG-mCherry reporter (hours)
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