
Journal of Visualized Experiments
 

Pattern-triggered oxidative burst and seedling growth inhibition assays in Arabidopsis
thaliana

--Manuscript Draft--
 

Article Type: Invited Methods Article - JoVE Produced Video

Manuscript Number: JoVE59437R2

Full Title: Pattern-triggered oxidative burst and seedling growth inhibition assays in Arabidopsis
thaliana

Keywords: Plant immunity, microbe-associated molecular pattern, pattern recognition receptor,
reactive oxygen species, seedling growth inhibition, Arabidopsis thaliana.

Corresponding Author: Jacqueline Monaghan

CANADA

Corresponding Author's Institution:

Corresponding Author E-Mail: jm355@queensu.ca

Order of Authors: Melissa Bredow

Irina Sementchoukova

Kristen Siegel

Jacqueline Monaghan

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access (US$2,400)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Kingston, ON, Canada

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



 

         

TITLE:  1 
Pattern-Triggered Oxidative Burst and Seedling Growth Inhibition Assays in Arabidopsis thaliana 2 
 3 
AUTHORS AND AFFILIATIONS:  4 
Melissa Bredow1, Irina Sementchoukova1, Kristen Siegel1, Jacqueline Monaghan1 5 
 6 
1Department of Biology, Queen’s University, Kingston, ON, Canada 7 
 8 
Corresponding author: 9 
Dr. Jacqueline Monaghan (jm355@queensu.ca) 10 
 11 
Email Addresses of Co-Authors: 12 
Melissa Bredow   (11mb95@queensu.ca)  13 
Irina Sementchoukova (17is12@queensu.ca) 14 
Kristen Siegel    (12krs7@queensu.ca) 15 
 16 
KEYWORDS:  17 
Plant immunity, microbe-associated molecular pattern, pattern recognition receptor, reactive 18 
oxygen species, seedling growth inhibition, Arabidopsis thaliana. 19 
 20 
SUMMARY:  21 
This paper describes two methods for quantifying defense responses in Arabidopsis thaliana 22 
following exposure to immune elicitors: the transient oxidative burst, and the inhibition of 23 
seedling growth.  24 
 25 
ABSTRACT:  26 
Plants have evolved a robust immune system to perceive pathogens and protect against disease. 27 
This paper describes two assays that can be used to measure the strength of immune activation 28 
in Arabidopsis thaliana following treatment with elicitor molecules. Presented first is a method 29 
for capturing the rapidly-induced and dynamic oxidative burst, which can be monitored using a 30 
luminol-based assay. Presented second is a method describing how to measure immune-induced 31 
inhibition of seedling growth. These protocols are fast and reliable, do not require specialized 32 
training or equipment, and are widely used to understand the genetic basis of plant immunity. 33 
 34 
INTRODUCTION: 35 
To perceive and defend against pathogens, plants have evolved membrane-bound pattern 36 
recognition receptors (PRRs) that detect conserved microbial molecules outside the cell known 37 
as microbe-associated molecular patterns (MAMPs)1. The binding of MAMPs to their cognate 38 
PRRs initiates protein kinase-mediated immune signaling resulting in broad-spectrum disease 39 
resistance2. One of the earliest responses following PRR activation is the phosphorylation and 40 
activation of integral plasma membrane Respiratory Burst Oxidase Homolog (RBOH) proteins that 41 
catalyze the production of extracellular reactive oxygen species (ROS)3, 4. ROS play an important 42 
role in establishing disease resistance, acting both as secondary messengers to propagate 43 
immune signaling as well as direct antimicrobial agents5. The first observation of an immune-44 

Manuscript Click here to access/download;Manuscript;59437_R2.docx

https://www.editorialmanager.com/jove/download.aspx?id=972176&guid=4fefeddb-b0e5-4777-b448-7a0a844a29c5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=972176&guid=4fefeddb-b0e5-4777-b448-7a0a844a29c5&scheme=1


   

elicited oxidative burst was described using potato tubers of cv. Rishiri following Phytophthora 45 
infestans inoculation6. ROS production has been evaluated in several plant species using leaf 46 
discs7, cell suspension cultures8, and protoplasts6. Described here is a simple method for assaying 47 
pattern-triggered ROS production in leaf discs of Arabidopsis thaliana (Arabidopsis).  48 
 49 
As a response to MAMP perception, activated RBOH proteins catalyze the production of 50 
superoxide radicals (O2

-), hydroxyl radicals (•OH), and singlet oxygen (1O2) that are converted 51 
into hydrogen peroxide (H2O2) in the extracellular space9. H2O2 can be quantified by luminol-52 
based chemiluminescence in the presence of the oxidizing agent horseradish peroxidase (HRP)10. 53 
HRP oxidizes H2O2 generating a hydroxide ion (OH−) and oxygen gas (O2) which react with luminol 54 
to produce an unstable intermediate that releases a photon of light10. Photon emission can be 55 
quantified as relative light units (RLUs) using a microplate reader or imager capable of detecting 56 
luminescence, which has become standard pieces of equipment in most molecular laboratories. 57 
By measuring the light produced over a 40-60-minute interval, a transient oxidative burst can be 58 
detected as early as 2-5 minutes after the elicitor treatment, peaking at 10-20 minutes, and 59 
returning to basal levels after ~60 minutes11. The cumulative light produced over this time course 60 
can be used as a measure of immune strength corresponding to the activation of RBOH 61 
proteins12.  Conveniently, this assay does not require specialized equipment or cumbersome 62 
sample preparation. 63 
 64 
Peaking shortly after MAMP detection, the oxidative burst is considered an early immune 65 
response, along with MAPK activation and ethylene production5. Later immune responses 66 
include transcriptional reprogramming, stomatal closure, and callose deposition2, 5. Prolonged 67 
exposure to MAMPs continually activates energetically-costly immune signaling resulting in the 68 
inhibition of plant growth, indicative of a trade-off between development and immunity13. 69 
Pattern-triggered seedling growth inhibition (SGI) is widely used to assess immune output in 70 
Arabidopsis and has been integral to the identification of several key components of immune 71 
signaling including PRRs14–16. Therefore, this paper additionally presents an assay for the pattern-72 
triggered SGI in Arabidopsis, whereby, seedlings are grown in multi-well plates containing 73 
standard media or media supplemented with an immune elicitor for 8-12 days and then weighed 74 
using an analytical scale.  75 
 76 
To demonstrate how ROS and SGI assays can be used to monitor PRR-mediated signaling, three 77 
genotypes that represent varying immune outputs were chosen: (1) the wild type Arabidopsis 78 
accession Columbia (Col-0), (2) the dominant-negative bak1-5 mutant in which the multi-79 
functional PRR co-receptor Brassinosteroid Insensitive 1-Associated Kinase 1 (BAK1) is non-80 
functional in immune signaling17,18, and (3) the recessive cpk28-1 mutant, which lacks the 81 
regulatory protein Calcium-Dependent Protein Kinase 28 (CPK28) and displays heightened 82 
immune-triggered responses19,20. ROS and SGI assays are presented in response to a 83 
synthetically-produced elf18 peptide epitope of bacterial Elongation Factor Tu (EF-Tu), 84 
recognized in Arabidopsis by the PRR EF-Tu Receptor (EFR)15. These protocols can be used with 85 
other immune elicitors such as the bacterial motility protein flagellin14 or endogenous Peptide 86 
Elicitor Proteins (AtPeps)16, however, it should be noted that plant responsiveness differs 87 



   

depending on the elicitor21. Together, ROS and SGI assays can be used for the quick and 88 
quantitative assessments of early and late PRR-mediated responses.  89 
 90 
PROTOCOL:  91 
 92 
1. Detection of ROS burst in Arabidopsis leaf discs following immune elicitation 93 
 94 
1.1. Plant growth and maintenance.  95 
 96 
1.1.1. To synchronize germination, stratify Arabidopsis seeds by suspending approximately 50  97 
seeds in 1 mL of sterile 0.1% agar [w/v] and store at 4 °C (no light) for 3-4 days. 98 
 99 
NOTE: Stratify a wild-type background control (for example, Col-0) and genotypes with high and 100 
low immune outputs (for example, cpk28-1 and bak1-5, respectively) to serve as internal 101 
controls. 102 
 103 
1.1.2. Sow seeds on soil and germinate under standard short-day conditions (22 °C, 10 h light, 104 

150 E/m2/s light intensity, and 65-70% relative humidity). 105 
 106 
1.1.3.  After approximately 7 days, use forceps to transplant individual seedlings to new pots, 107 
separated by at least 4 cm to permit full rosette development. Transplant 6-12 seedlings per 108 
genotype and return to standard short-day conditions. Regularly water and fertilize plants (1 g/L 109 
of 20-20-20 fertilizer every 2 weeks). 110 
 111 
1.2. Collect leaf discs in 96-well plates for overnight recovery. 112 
 113 
1.2.1. At 4-5 weeks post-germination (Figure 1A), use a sharp 4 mm biopsy punch to remove one 114 
leaf disc per plant, avoiding the mid-vein and being careful to limit wounding (Figure 1B). Place 115 
leaf discs in an unused 96-well luminometer plate containing 100 μL of ddH2O with the adaxial 116 
side facing upwards to prevent desiccation22 (Figure 1C). If assessing multiple elicitors, remove 1 117 
leaf disc from the same leaf for each elicitor treatment.  118 
 119 
NOTE: Sample leaves that are fully expanded, third to fifth from the top of the rosette, and 120 
approximately the same size and age to limit variability. If possible, cut leaf discs in half using a 121 
razor blade prior to overnight recovery, as this increases the surface area exposed to elicitor 122 
solution23. 123 
 124 
1.2.2. Recover overnight at room temperature to prevent the interference of ROS produced by 125 
wounding during leaf disc collection. Cover plates with a lid to prevent evaporation. 126 
 127 
1.3. Perform the elicitor treatment and measure ROS production. 128 
 129 
1.3.1 Program the plate reader prior to adding the reaction solution, as this will reduce the time 130 
between ROS burst initiation and the first measurements recorded. Use a commercial software 131 



   

that is appropriate for the plate reader. In our case (see Table of Contents), click Settings, and 132 
select the LUM96 Cartridge and the Kinetic Read Type. Click the Read Area category and drag to 133 
select a subset of wells or the entire plate to be read. Under the PMT and Optics tab, set the 134 
integration time to 1000 ms. Under the Timing tab, set the Total Run Time to 40-60 min and the 135 
Interval to 2 min. 136 
 137 
1.3.2. Remove water from each well using a multi-channel pipette.  138 
 139 
NOTE: Do not puncture leaf discs, as this may cause wounding stress and result in more variable 140 
ROS outputs.  141 
 142 
1.3.3. Prepare a reaction solution containing 100 μM luminol, 10 μg/mL HRP, and the desired  143 
concentration of elicitor (elf18 at 1 nM, 10 nM, 100 nM, or 1000 nM) in sterile ddH2O using 10 144 
mL of solution for one 96-well plate.  145 
 146 
NOTE: Dissolve lyophilized peptides in sterile H2O in low-binding tubes to make a 10 mM stock, 147 
flash-freeze in liquid N2, and store at -80 °C. When ready to use, dilute stocks in sterile H2O to 148 
generate a 100 μM working stock and store at -20 °C. 149 
 150 
1.3.4. Use a multi-channel pipette to dispense 100 μL of the reaction mixture to each well, adding 151 
the solution to all leaf discs of the same treatment at the same time22. Include a control reaction 152 
(no elicitor) for each genotype to assess basal ROS levels in the absence of elicitation. 153 
Immediately measure light emission for all wavelengths in the visible spectrum using a microplate 154 
reader. 155 
 156 
NOTE: Prepare and apply the reaction solution under low light, as luminol and HRP are light-157 
sensitive reagents. Keep reagents on ice or at -20°C unless in use. 158 
 159 
1.3.5. Measure light emission with a 1000 ms integration time in 2 min intervals over a 40-60 min 160 
period in a microplate reader in order to capture the dynamic oxidative burst (Figure 1D). 161 
 162 
NOTE:  Use a longer integration time to improve assay sensitivity11, while ensuring that all 163 
samples in a 96-well plate can be measured within one interval.   164 
 165 
1.4. Data interpretation. 166 
 167 
1.4.1. For each genotype, use a spreadsheet application to calculate the average photon count 168 
and standard error at each time point, and display ROS production as a function of time 169 
using a scatter plot. 170 
 171 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃ℎ𝑜𝑡𝑜𝑛 𝐶𝑜𝑢𝑛𝑡 =  
Σ (𝑃ℎ𝑜𝑡𝑜𝑛 𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 6 − 12 𝑙𝑒𝑎𝑓 𝑑𝑖𝑠𝑐𝑠)𝑡 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑒𝑎𝑓 𝑑𝑖𝑠𝑐𝑠
 172 

 173 
Where t = each time point 174 



   

 175 
1.4.2. Alternatively, sum the photon counts for each leaf disc and present the average of these 176 
values for each genotype using a bar graph with standard error bars or a box and whisker plot. 177 
 178 

𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑃ℎ𝑜𝑡𝑜𝑛 𝐶𝑜𝑢𝑛𝑡 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒(Σ(𝑃ℎ𝑜𝑡𝑜𝑛 𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑙𝑒𝑎𝑓 𝑑𝑖𝑠𝑐)𝑡0−𝑡40) 179 
 180 
2. Seedling Growth Inhibition Assay 181 
  182 
2.1. Sterilize seeds and sow on Murashige and Skoog (MS) plates. 183 
  184 
2.1.1. Prepare sterile half-strength (0.5x) MS medium (2.16 g/L) containing 0.8% agar [w/v]. Pour 185 
media into plates (90 x 15 mm) in a laminar flow hood. 186 
  187 
2.1.2. Sterilize approximately 100 seeds in a microcentrifuge tube by washing with 1 mL of 70% 188 
ethanol for 2 min and remove by aspiration. Add 1 mL of 40% bleach and gently rock for 17 mins 189 
at room temperature. Remove bleach by aspiration and wash three times in 1 mL of sterile water 190 
for 5 min. Resuspend in 1 mL of sterile 0.1% agar. 191 
 192 
NOTE: Alternatively, use a chlorine gas seed sterilization protocol24. 193 
  194 
2.1.3. Sow approximately 100 seeds per genotype on MS agar plates using a pipette and seal with 195 
micropore tape in a laminar flow hood.  196 
 197 
NOTE: Avoid placing seeds in close proximity as this will make transplanting seedlings difficult 198 
later. 199 
  200 
2.1.4. Stratify seeds by placing plates at 4 °C (no light) for 3-4 days to synchronize germination 201 
(Figure 2A). 202 
  203 
2.2. Transplant seedlings into 48-well plates containing bacterial elicitor peptides. 204 
  205 
2.2.1. After stratification, move plates to light under short day conditions (22 °C, 10 h light, 150 206 

E/m2/s light intensity, and 65-70% relative humidity) for 3-4 days to allow germination. 207 
  208 
2.2.2. In a laminar flow hood, prepare elicitor peptide dilutions (0 nM, 1 nM, 10 nM, 100 nM, and 209 
1000 nM) in sterile 0.5x MS liquid media containing 1% sucrose [w/v], using 25 mL of MS for each 210 
48-well plate. Prepare plates by pipetting 500 µL of MS liquid medium or MS medium containing 211 
peptides per well. If available, use a repeat pipettor for plate preparation to expedite the process. 212 
 213 
NOTE: For each genotype, grow seedlings in MS without elicitor to account for any inherent 214 
differences in seedling growth. 215 
  216 
2.2.3. Using sterile forceps carefully transplant one seedling to each well of the same size and 217 
age, ensuring that there is no damage to the seedling or breakage to the root and that the root 218 



   

is submerged in media. For each genotype, transplant a minimum of 6-8 seedlings into each 219 
peptide dilution (Figure 2B).  220 
 221 
NOTE: Transplant seedlings at 4 days post-germination, as short roots are easier to manipulate, 222 
and older seedlings may yield less optimal results. 223 
 224 
2.2.4. Seal plates with micropore tape and move back to light under standard short-day 225 

conditions (22 °C, 10 h light, 150 E/m2/s light intensity, and 65-70% relative humidity). Allow 226 
seedlings to grow for 8-12 days.  227 
  228 
2.3. Determine percent growth inhibition. 229 
  230 
2.3.1. Carefully remove seedlings from 48-well plates and dry by dabbing on paper towel. Weigh 231 
seedlings on an analytical scale and record values. If available, use an analytical scale equipped 232 
with USB output to record fresh weight values on a spreadsheet. Before weighing seedlings, take 233 
a photo to visually display growth inhibition (Figure 2C).  234 
 235 
2.3.2. Determine percent growth inhibition of elicitor-treated seedlings compared to seedlings 236 
grown in MS only (Figure 2D) as follows: 237 
 238 

% 𝑔𝑟𝑜𝑤𝑡ℎ 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 (
𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑒𝑙𝑖𝑐𝑖𝑡𝑜𝑟 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑀𝑆 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔𝑠
) 239 

 240 
 241 
2.3.3. Plot data using a bar graph with standard error bars or using a box and whisker plot to 242 
better display inter-experimental variance.  243 
 244 
REPRESENTATIVE RESULTS:  245 
Mutant cpk28-119, 25 and bak1-517,18 plants were used to demonstrate expected outcomes for 246 
genotypes with high and low immune responses, respectively, in oxidative burst and SGI assays 247 
relative to a wild-type background control (Col-0). To assess dose-dependent effects, a 10-fold 248 
peptide dilution series (1-1000 nM) of elf18 was used. As expected, cpk28-1 loss-of-function lines 249 
had a higher cumulative (Figure 3A) and average (Figure 3B) ROS burst compared to Col-0, 250 
whereas bak1-5 displayed reduced ROS production at concentrations between 10 nM and 1000 251 
nM (Figure 3). Expected differences in SGI could be discerned between all genotypes grown in 252 
100 nM and 1000 nM elf18 (Figure 4A), which could also be visually observed in the 1000 nM 253 
elf18 treatment (Figure 4B). Characteristic of high immune signaling, cpk28-1 mutants were 254 
markedly smaller than Col-0 when grown in 1000 nM elf18, while bak1-5 mutants displayed weak 255 
growth inhibition relative to Col-0 due to disrupted MAMP detection.  256 
 257 
FIGURE AND TABLE LEGENDS:  258 
 259 
Figure 1. Luminol-based oxidative burst assay following immune induction in Arabidopsis. (A) 260 
Grow plants on the soil in short day conditions for 4-5 weeks. (B) Use a 4 mm biopsy punch to 261 



   

collect leaf discs from each plant and recover overnight in ddH2O. (C) Add reaction solution (100 262 
μM luminol, 10 μg/mL HRP, and the desired concentration of elicitor) and measure light emission 263 
over 40-60 min, in 2-min intervals with an integration time of 1000 ms. (D) Determine average 264 
photon counts for each genotype relative to Col-0 (shown in green), a high ROS control such as 265 
cpk28-1 (shown in purple), and a low ROS control such as bak1-5 (shown in orange). 266 
 267 
Figure 2. Elicitor-induced seedling growth inhibition assay in Arabidopsis. (A) Sow seedlings on 268 
MS agar and grow for 3-4 days under standard short-day conditions. (B) Transplant seedlings to 269 
48-well plates containing MS medium or MS containing different concentrations of elf18. (C) 270 
After 8-12 days, visually assess the seedling size and then measure fresh weight using an 271 
analytical scale to determine percent growth inhibition. 272 
 273 
Figure 3. Representative elf18-induced oxidative burst in three Arabidopsis genotypes. Four-274 
week-old plants were treated with a dilution series of elf18 (0 nM ‘mock’, 1 nM, 10 nM, 100 nM, 275 
and 1000 nM). Col-0 represents the wild-type background control, with cpk28-1 and bak1-5 276 
representing high and low ROS phenotypes, respectively. (A) Total photon count represented as 277 
relative light units following elf18 treatment (n=6 leaf discs from independent plants). Statistical 278 
differences are represented by lower-case letters and were calculated using a one-way ANOVA 279 
with a post-hoc Tukey’s Honest Significant Difference test (p<0.05). (B) Average photon count, 280 
represented as relative light units, over 40 min following elf18 treatment (n=6 leaf discs from 281 
independent plants). Error bars represent standard error of the mean. Similar results were 282 
obtained in two of three experiments.  283 
 284 
Figure 4. Representative elf18-induced seedling growth inhibition in three Arabidopsis 285 
genotypes. Wild-type (Col-0), cpk28-1, and bak1-5 seedlings were grown in a 10-fold dilution 286 
series (0-1000 nM) of elf18. (A) Percent growth inhibition was calculated by comparing the weight 287 
of individual seedlings grown in elf18 (n=6 individual seedlings) to the average weight of seedlings 288 
of the same genotype grown in MS only (‘mock’) (n=6 individual seedlings) over a 10-day period. 289 
Statistical differences are represented by lower-case letters and were calculated using a one-way 290 
ANOVA with a post-hoc Tukey’s Honest Significant Differences test (p<0.05). (B) Visual 291 
demonstration of SGI in two representative seedlings of Col-0, cpk28-1, and bak1-5 in response 292 
to increasing concentrations of elf18. Similar results were obtained in three of four experiments. 293 
 294 
DISCUSSION:  295 
This paper describes two methods for assaying pattern-triggered immune responses in 296 
Arabidopsis, offering quantitative approaches to evaluating immune output without the use of 297 
specialized equipment. In combination, assaying pattern-triggered ROS and SGI can be used to 298 
assess short- and long-term responses to microbe perception, respectively. 299 
 300 
The major limitation of the oxidative burst assay is variability. For reasons that are not completely 301 
understood, absolute RLUs often differ by an order of magnitude between experiments. Because 302 
between-experiment variability is high, it is advisable to include internal reference controls with 303 
high (e.g., cpk28-1) and low (e.g., bak1-5) oxidative bursts in addition to a wild-type control (e.g., 304 
Col-0). However, measures can be taken to increase reproducibility between experiments. 305 



   

Environmental conditions such as temperature, humidity, photoperiod, and light intensity should 306 
be identical between replicates. The age and health of plants should also be considered when 307 
sampling. Leaf discs can be collected from plants that are between 4 and 7 weeks of age grown 308 
under short day conditions (6-10 hours of light). Anecdotally, the most consistent results were 309 
found with plants older than 6 weeks post germination but not yet flowering or senescing. It is 310 
important to grow plants in clean environmental chambers so that they are not exposed to 311 
common glasshouse pests such as powdery mildew or chewing insects. Since seedlings for SGI 312 
are grown in sterile MS media, and for a shorter time, environmental fluctuations are largely not 313 
a concern. However, variation can occur if seedlings become damaged while transplanting, if 314 
seedlings selected for elicitor treatments are different sizes, or if the growth media becomes 315 
contaminated. It is recommended to include the internal reference control genotypes described 316 
above in SGI experiments as well. 317 
 318 
Elicitor concentration is another important consideration when conducting immune assays. 319 
Elicitors are perceived by PRRs resulting in a rapid and robust ROS burst peaking 10-20 minutes 320 
after elicitor treatment (Figure 2B). However, the magnitude of the burst is dependent on both 321 
the elicitor as well as the plant genotype. Therefore, an elicitor dose series, as presented in 322 
Figures 3 and 4, is recommended in order to identify a suitable elicitor concentration. Pattern-323 
triggered ROS can also be assayed by inoculating leaf discs with live microbes23, 26 or microbial 324 
extracts26–28. For example, transient and dose-dependent ROS bursts can be detected in 325 
Arabidopsis in response to virulent pathovars of Pseudomonas syringae, peaking at 35-40 326 
minutes and reaching basal levels approximately 70 mins after elicitation23, 29. In response to 327 
avirulent bacteria29 or the fungal pathogen P. infestans30, 31, a second more pronounced 328 
accumulation of ROS is produced that can be monitored 6-10 hours after inoculation. For weaker 329 
elicitors, such as fungal chitin32 or chitosan33, more sensitive luminescent indicators can be used, 330 
such as the luminol derivative L-012, however, the background signal produced is often higher32, 331 
34. Importantly, the plant ecotype will also dictate its responsiveness to specific elicitors35, 36. For 332 
example, while bacterial flagellin is capable of eliciting immune responses in several Arabidopsis 333 
ecotypes including Col-0, the Wassilewskija (Ws-0) ecotype expresses a non-functional variant of 334 
the PRR Flagellin-Sensing 2 (FLS2) and is therefore insensitive to flagellin14, 37.  335 
  336 
Immune-induced ROS can also be observed in leaf discs of other dicotyledonous plants including 337 
Brassica napus38, tomato39, Nicotiana benthamiana22, 40, 41, and several other Solanaceous 338 
species41. Additional luminol-based ROS detection assays have been developed for 339 
dicotyledonous plants using tissue extracts10, cell suspension cultures8, 42, and protoplasts43, and 340 
are particularly useful in systems where leaf disc protocols are not effective42. For example, 341 
elicitor-induced ROS bursts have been described using cell suspension cultures in rice42, 44 and 342 
wheat45, 46, as well as the gymnosperm Araucaria angustifolia47 and the moss Physcomitrella 343 
patens48. SGI has not been used as broadly to measure immune signaling. However, growth 344 
inhibition in response to elicitors has been demonstrated in N. benthamiana41 and B. napus38, 49. 345 
Rapid growth inhibition has also been demonstrated in P. patens in response to fungal chitin 346 
occurring within 2 mins of exposure, which can be observed using time-lapse photography48.  347 
 348 
With modification, both SGI and oxidative burst assays can be used for high-throughput screens 349 



   

to identify immune regulators. For example, mutagenized populations of Arabidopsis can be 350 
grown on MS medium and flooded with elicitors to identify insensitive mutants15, 50–53. 351 
Alternatively, mutagenized populations can be assessed for elicitor-triggered ROS, which has 352 
been successfully executed with both leaf-discs54 and whole seedlings grown on MS plates19. 353 
Another useful screening method is the transient expression of proteins in N. benthamiana for 354 
ROS analysis prior to the development of transgenic overexpression lines22, 40, 55. However, intra-355 
experimental variation is higher than in stable Arabidopsis lines due to differential protein 356 
expression in N. benthamiana leaves22, although this can be partially mitigated by infiltrating 357 
reference controls on the same leaf as experimental samples.  358 
 359 
In summary, immune-induced oxidative burst and SGI assays are quick and reliable methods for 360 
assessing PRR-mediated signaling in Arabidopsis. These methods can be extended to other 361 
systems and used for large-scale screens to uncover novel immune regulators. 362 
 363 
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Name of Material/ Equipment Company Catalog Number
20-20-20 Fertilizer Plant Prod 10529

4 mm Biopsy Punch Medical Mart 232-33-34-P

48-Well Sterile Plates with Lid Sigma-Aldrich CLS3548

Analytical Scale with Draft Sheid VWR VWR-225AC

BioHit mLine Mechanical 12 Multichannel Pipette (30-300 uL) Sartorius 725240

elf18 (Ac-SKEKFERTKPHVNVGTIG) EZ Biolab cp7211

Forceps Fisher Scientific 22-327379

Horseradish Peroxidase Sigma-Aldrich P6782

Luminol Sigma-Aldrich A8511

Murisage and Skoog Basal Salts Cedarlane Labs MSP09-100LT

Soil

SunGrow 

Horticulture Sunshine Mix #1

SpectraMax Paradigm Multi Mode Microplate Reader with LUM Module Molecular Devices
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Sucrose Sigma-Aldrich S0389-1KG

White Polystyrene 96-Well Plates Fisher Scientific 07-200-589
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Comments/Description
Mix 1g/L in water and apply to plants every 2 weeks for optimal growth.

A cork borer set with a 0.125 cm^2 surface area can also be used.

Any standard analytical scale can be used for growth inibition assays, however, a direct computer output is optimal.

Any multichannel pipette can be used, as can a single pipetter if necessary. 

Store 10 mM stock peptide at -80C in low protein binding tubes. When thawed, store 100 uM working stock at -20C.

Dissolve in pure water. Store at -20C and away from light.

Dissolve in DMSO. Store at -20C and away from light.

Store at 4C.

Other soil types can also be used to grow Arabidopsis. Mix with water when filling pots. 

Any plate reader capable of detecting luminescence can be used for these assays.

Store at room temperature.
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or by JoVE or its affiliates or agents, individually or in
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3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
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including any extensions thereto) license (a) to publish,
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summaries, extracts, Derivative Works or Collective Works and
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foregoing rights may be exercised in all media and formats,
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to exercise the rights in other media and formats.  If the “Open
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 
damages.  Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication the 
Materials. Payment is due in 21 days of invoice. Should the 
Materials not be published due to an editorial or production 
decision, these funds will be returned to the Author. 
Withdrawal by the Author of any submitted Materials after 
final peer review approval will result in a US$1,200 fee to 
cover pre-production expenses incurred by JoVE.  If payment is 
not received by the completion of filming, production and 
publication of the Materials will be suspended until payment is 
received. 
 
13.  Transfer, Governing Law.  This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees.  This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to any 
conflict of law provision thereunder.  This Agreement may be 
executed in counterparts, each of which shall be deemed an 
original, but all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
delivered by facsimile, e-mail or other means of electronic 
transmission shall be deemed to have the same legal effect as 
delivery of an original signed copy of this Agreement.   

 
A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 
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Article Title:  

Signature:   Date:  
 
Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 
2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 
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Dear Editor,  

 

We thank-you for your helpful editorial comments, and appreciate critiques made by two 

external reviewers. Please see our point-by-point responses to each comment below (in 

blue). All changes have been tracked in our revised manuscript.  

 

On behalf of all authors, 

Jacqueline Monaghan  

 

 

----- 

Editorial comments: 

 

Changes to be made by the Author(s): 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and 

any errors in the submitted revision may be present in the published version. 

 

● All authors have proofread the manuscript. 

 

2. Please provide an email address for each author. 

 

● We have provided e-mail addresses for all authors. 

 

3. Please provide at least 6 keywords or phrases. 

 

● We have now included the following keywords in addition to those already provided: 

Arabidopsis thaliana and pattern recognition receptor.  

 

4. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", 

"you", "our" etc.). 

 

● We removed all personal pronouns from the text. 

 

5. JoVE cannot publish manuscripts containing commercial language. This includes 

trademark symbols (™), registered symbols (®), and company names before an instrument 

or reagent. Please remove all commercial language from your manuscript and use generic 

terms instead. All commercial products should be sufficiently referenced in the Table of 

Materials and Reagents. For example: plantprod 20-20-20, sunshine mix, Microsoft excel, 

etc. 

 

● We removed “Sunshine Mix #1” from Step 1.1.2, rephrased Step 1.1.3 to exclude 

reference to PlantProd (“with 1 g/L of 20-20-20 fertilizer every 2 weeks”), and 

rephrased Step 2.3.1 to exclude reference to Microsoft Excel (“...on a 

spreadsheet”).  

Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Reviewers 011819.docx

https://www.editorialmanager.com/jove/download.aspx?id=971852&guid=94df4ae4-d3f0-448d-b2c3-23389a980a6f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=971852&guid=94df4ae4-d3f0-448d-b2c3-23389a980a6f&scheme=1


● Sunshine Mix #1 and PlantProd fertilizers have been added to the Table of Materials 

and Reagents.  

 

6. Please ensure that all text in the protocol section is written in the imperative tense as if 

telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions 

should be described in the imperative tense in complete sentences wherever possible. Avoid 

usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. 

 

● All text is now written in imperative tense and phrases “should be”, “could be”, and 

“can be” have been removed. 

 

7. The Protocol should contain only action items that direct the reader to do something.  

 

● Protocol text now only states action items. 

 

8. Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? 

 

9. 1.1.3: how do you transplant? Please quantify sufficient spacings 

 

● We have expanded on how to transplant seedlings:  

 

“After approximately 7 days, use forceps to transplant individual 

seedlings, separated by at least 4 cm to permit full rosette development.” 

 

10. 1.2: How do you identify leaf disc? 

 

● Step 1.2 is a section heading and therefore does not contain any specific 

details however this information can be found in step 1.2.1: 

 

 “...use a sharp 4 mm biopsy punch to remove one leaf disc per plant, 

avoiding the mid-vein and being careful to limit wounding.” 

 

11. 1.2.2: When was an elicitor added? What concentration? 

 

● Since this section of the protocol details leaf disc collection and recovery we 

have not yet described adding elicitor treatments to leaf discs. However, we 

now include the specific elicitor concentrations used, in step 1.3.2:  

 

“Prepare a reaction solution containing 100 μM luminol, 10 μg/mL HRP, and 

the desired concentration of elicitor (For example,  elf18 at 1 nM, 10 nM, 100 

nM, or 1000 nM) in sterile ddH2O.” 

  

12. 1.2.3: Is this done before adding the elicitor? 

 

● Section 1.2 describes leaf disc collection and recovery prior to measuring 

elicitor-induced ROS production. To make this clearer, we have now changed 



the title of section 1.3 from “Measure ROS response following elicitor 

treatment” to “Add elicitor treatment and measure ROS production”. 

 

13. 1.3.2: What is the volume of the solution prepared? Please mention the elicitor 

and concentration used in your study. What is the control in this case? Do you use 

multichannel pipette for this step? What absorbance is used to measure the light 

emission? 

 

● This section has been rephrased to address reviewer comments as follows:  

 

○ “Prepare a reaction solution containing 100 μM luminol, 10 μg/mL 

HRP, and the desired concentration of elicitor (elf18 at 1 nM, 10 nM, 

100 nM, or 1000 nM) in sterile ddH2O using 10 mL of solution for 

one 96-well plate.” 

 

○ We have now included information on controls in step 1.1.1: 

 

“Note: Stratify a wild-type background control (for example, Col-0) and  

genotypes with high and low immune outputs (for example, cpk28-1  

and bak1-5, respectively) to serve as internal controls.” 

 

 We have also now included information on controls in step 1.3.2: 

 

“Note: Include a control reaction (no elicitor) for each genotype to 

assess basal ROS levels in the absence of elicitation. 

 

 

○ A multichannel pipette is indeed used to distribute the reaction 

solution to the 96-well plate, and is referenced in this step: “Use a 

multichannel pipette to dispense 100 μL of reaction mixture to each 

well…” 

 

○ We have now included the spectrum at which light emission is 

measured as “all wavelengths in the visible spectrum”. 

 

14. 1.3.3. How is this set up? 

 

● Microplate reader set-up will vary based on the manufacturer and model. 

Since JoVE manuscripts cannot contain commercial language we have not 

included this information. 

 

15. 1.4.1 How do you calculate the average photon count? Is this displayed on the 

software? 

 

● We have now included formulas for calculating both average and cumulative 

photon count in Step 1.4.1. 

 

16. 2.2. Please include volume and concentration for the same. 



 

● It is now specified in step 2.2.2 to prepare 25 mL of peptide solution for each 

48-well plate. Recommended peptide dilutions are also provided (1 nM, 10 

nM, 100 nM, and 1000 nM).  

 

17. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 

identifies the essential steps of the protocol for the video, i.e., the steps that should be 

visualized to tell the most cohesive story of the Protocol. The highlighted steps should form a 

cohesive narrative with a logical flow from one highlighted step to the next. 

 

● We have highlighted all critical steps for the video protocol. 

 

18. Please expand the Representative Results in the context of the technique you have 

described, e.g., how do these results show the technique, suggestions about how to analyze 

the outcome, etc. 

 

● We have expanded the results section to better describe how the results are 

interpreted and how they demonstrate the technique as follows:  

 

“cpk28-119, 26 and bak1-517 were used to demonstrate expected outcomes 

for loss-of-function lines with high and low immune responses, 

respectively, in oxidative burst and SGI assays relative to a wild-type 

background control (Col-0). To identify an appropriate elicitor 

concentration to distinguish between immune outputs, a 10-fold peptide 

dilution series (1-1000 nM) of elf18 was used. Concentrations between 10 nM 

and 1000 nM could differentiate between all three genotypes in oxidative 

burst assays using elf18 (Figure 3) and would therefore act as suitable 

elicitor treatments. As expected, cpk28-1 loss-of-function lines had a 

higher cumulative and average ROS burst than Col-0, indicative of a 

high immune output, whereas bak1-5 displayed reduced oxidative burst 

production due to low immune signaling (Figure 3). Differences in SGI 

could be discerned between all genotypes with 100 nM and 1000 nM elf18 

(Figure 4), which could also be visually observed in the 1000 nM elf18 

treatment (Figure 4B). Characteristic of high immune signaling, cpk28-1 

loss-of-function lines were markedly smaller than Col-0 with continuous 

MAMP detection, while bak1-5 mutants displayed weak growth inhibition 

relative to Col-0 due to a low immune output.” 

 

 

19. Please format the units as mg/mL and not mg ml-1. Please leave a single space 

between number and units. 

 

● We have ensured that there are no superscripts notations for units in the text 

or the material sheet. Note that we also changed light intensity units from the 

format E m-2 s-1 to the format E/m2/s. 

 

20. Please obtain explicit copyright permission to reuse any figures from a previous 

publication. Explicit permission can be expressed in the form of a letter from the editor or a 



link to the editorial policy that allows re-prints. Please upload this information as a .doc or 

.docx file to your Editorial Manager account. The Figure must be cited appropriately in the 

Figure Legend, i.e. “This figure has been modified from [citation].” 

 

● Copyright permission is not necessary as all figures are original for this work. 

 

21. Please alphabetically sort the materials table. 

 

● The materials table has been sorted alphabetically. 

 

 

Reviewers' comments: 

 

Reviewer #1: 

This manuscript describes two very useful methods for monitoring the production of ROS 

and measuring SGI. The authors provide very detail and complete protocols which others 

can follow the methods easily without doubt. However, there are some places need to 

improve to make the manuscript more complete. 

 

Minor Concerns: 

 

1.Line 122,"Collect leaf discs in 96-well plates for overnight recovery. "Why not place the leaf 

discs in reaction solution after removing from the plant but recovering in ddH2O overnight? 

 

 We include this information in step 1.2.2: “Recover overnight at room temperature to 
prevent the interference of ROS produced by wounding during leaf disc collection.” 

 

2.Line 127,"adaxial side facing upwards", please explain why. 

 

 We have modified this statement to clarify that leaf discs do not need to be 
submerged but rather need to be in contact with the water surface to prevent 
desiccation during recovery: “Place leaf discs in an unused 96-well luminometer plate 
containing 100 μL of ddH2O adaxial side facing upwards to prevent desiccation 
(Figure 1C)”. 

 

 We reference the following article: Sang and Macho (2016) Methods in Molecular 
Biology (https://www.ncbi.nlm.nih.gov/pubmed/26867635) 

 

3.Line 137,"Cover plates with a lid" explain whether this lid needs to protect from light, 

because light could affect the production of ROS 

 

 Normal light conditions as well as low light conditions are conducive to recovery prior 
to oxidative burst assays. We have now included the following statement to clarify 
that lids are used to prevent evaporation of water during overnight recovery: 
“Recover overnight at room temperature to prevent the interference of ROS produced 
by wounding during leaf disc collection. Cover plates with a lid to prevent 
evaporation.” 

 



4.Line 164 to 165,"Measure light emission with a 1000 ms integration time in 2 min intervals 

over a 40-60 min period in a microplate reader". please explain why to choose 1000 ms 

integration time in 2 min intervals over a 40-60 min. 

 

● We have modified this sentence as follows: “Measure light emission with a 

1000 ms integration time in 2 min intervals over a 40-60 min period in a 

microplate reader in order to capture the dynamic oxidative burst (Figure 

1D).” 

 

● We have also included a note which provides further detail on the choice of 

integration time: 

 

“Note: Use a longer integration time to improve assay sensitivity11, while 

ensuring that all samples in a 96-well plate can be measured within one 

interval.” 

 

 

Reviewer #2: 

The manuscript entitled "Pattern-triggered oxidative burst and seedling growth inhibition 

assays in Arabidopsis thaliana" describes two method for evaluating early and late immune 

responses; reactive oxygen species (ROS) production and seedlings growth inhibition (SGI), 

respectively, triggered by pattern-recognition receptor activation in Arabidopsis. 

 

The manuscript is written very well and concisely with various useful information. All the 

experimental steps are also explained very well. With many valuable information written in 

the manuscript, not only the protocol part but also introduction and discussion, the 

manuscript have value for researchers exploring plant immunity. I support publishing this 

article after addressing the following minor points; 

 

Point 1 

The arrangement of Figures appears to be odd since the numbering does not match to the 

order in which they appear in the text. (Fig 1 > Fig. 3 > Fig. 2 > Fig. 4 in the text) This point 

should be considered according to the JoVE guideline. 

 

● Thank you for catching this- we have corrected the figure numbering in the 

text. 

 

Point 2, page 2, PROTOCOL 1.2.2 

The leaf disks are usually hydrophobic. Is there any method to "ensure that leaf discs are 

submerged" without physical wounding damages? 

 

 We have modified this statement to clarify that leaf discs do not need to be 
submerged but rather simply need to be in contact with the water surface to prevent 
desiccation: “Place leaf discs in an unused 96-well luminometer plate containing 100 
μL of ddH2O adaxial side facing upwards to prevent desiccation (Figure 1C)”. 

 

 We reference the following article: Sang and Macho (2016) Methods in Molecular 
Biology (https://www.ncbi.nlm.nih.gov/pubmed/26867635) 



 

 

Point 3, page 3, PROTOCOL 1.2.3 

Is the plate stored for recovery in a dark condition or in a normal short day growth chamber? 

Since immunity is affected very much by the presence of light, it would be useful to describe 

precisely about the "recovering" condition. 

 

 Normal light conditions as well as low light conditions are conducive to recovery prior 
to oxidative burst assays. We have now included the following statement to clarify 
that lids are used to prevent evaporation of water during overnight recovery: 
“Recover overnight at room temperature to prevent the interference of ROS produced 
by wounding during leaf disc collection. Cover plates with a lid to prevent 
evaporation.” 

 

 

Point 4, page 3, PROTOCOL 1.3.2 

Does the 10 mM peptide stock solution require sterilization, for example, by sterile filtration? 

Is the use of sterile ddH20 for dissolving the lyophilized peptide sufficient to avoid 

contamination? It might be useful to explain the requirement of sterilization here clearly 

because this would be a big issue in the SGI assay that require 8-12 days incubation. 

 

● We have not found it necessary to sterilize peptide solutions by filtration, 

however, we use sterile water for resuspending the lyophilized solution and 

we have clarified this in the text. 

 

Point 5, page 5, PROTOCOL 2.2.4 

Hydroponic culturing of Arabidopsis seedlings is usually performed with gentle agitation. 

Does the incubation for 8-12 days here require gentle agitation/shaking of the plate? 

 

● Over the 8-12 days that seedlings are growing in MS liquid media 

agitation/shaking is not required.  

 

 

 


