Responses to editorial and reviewer comments
The authors would like to thank the editors and reviewers for carefully considering this work and providing constructive feedback and suggestions. We have incorporated all of the suggested changes in the revised version of the manuscript and feel that the overall quality of the manuscript has been lifted.
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. Please use American English throughout.
The document has been proofread and spell checked and the following corrections have been made: analyse has been changes to analyze (section 6.8), lyser has been changed to lyzer (section 3.2). 
2. Please ensure that the Introduction includes all of the following with citations:
a) A clear statement of the overall goal of this method
The overall goal of this method was described in the final sentence of the first paragraph of the introduction: “the outcome of having this knowledge is a more precise management strategy and ultimately improved yield size and quality”. However, we acknowledge that this may not be clear and have edited this to: “the outcome of having this knowledge is a more precise management strategy to achieve the goal of improved yield size and quality”.
b) The rationale behind the development and/or use of this technique
The rationale behind the development and use of the technique is described in paragraph 2 of the introduction: “Currently no metabolomics platforms (predominantly mass spectrometry and nuclear magnetic resonance spectroscopy) can capture the entire metabolome in a single analysis. Developing such techniques (sample preparation, metabolite extraction and analysis) which provide as great a coverage of the metabolome as possible within a single analytical run is a key aim for metabolomics researchers. Increasing the metabolome coverage will increase the richness of biological interpretation and can offer savings in both time and cost”. 
c) The advantages over alternative techniques with applicable references to previous studies
We have included the following paragraph with appropriate citations in the introduction to outline advantages over previous works which have utilized multiple platforms for greater metabolome coverage:  
“Previous untargeted metabolomics analyses of wheat grain have combined data from multiple modes for greater metabolome coverage however this has required samples to be prepared separately for different modes. For example, Beleggia et al. prepared a derivatized sample for the GC-MS analysis of polar analytes in addition to the GC-MS analysis of the non-polar analytes. Das et al. used both GC- and LC-MS methods to improve coverage for their analysis however this approach would generally require separate sample preparations as described above as well as two independent platforms. Previous analyses of wheat grain using GC-MS and LC-MS platforms have yielded 50 to 412 (55 identified) features for GC-MS, 409 for combined GCMS and LC-MS and several thousand for an LC-MS lipidomics analysis. By combining at least two modes into a single analysis, extended metabolome coverage can be maintained while minimizing analysis time and resources used.”
d) A description of the context of the technique in the wider body of literature
We have provided a more detailed description of the technique with appropriate citations:
[bookmark: _Hlk23946119][bookmark: _Hlk24545545]The plant metabolome is predicted to contain thousands of small molecules with varied physicochemical properties. Currently no metabolomics platforms (predominantly mass spectrometry and nuclear magnetic resonance spectroscopy) can capture the entire metabolome in a single analysis. Developing such techniques (sample preparation, metabolite extraction and analysis) which provide as great a coverage of the metabolome as possible within a single analytical run is a key aim for metabolomics researchers. Previous untargeted metabolomics analyses of wheat grain have combined data from multiple chromatographic separations and acquisition polarities and/or instrumentation for greater metabolome coverage. However, this has required samples to be prepared and acquired separately for each modality. For example, Beleggia et al. prepared a derivatized sample for the GC-MS analysis of polar analytes in addition to the GC-MS analysis of the non-polar analytes. Das et al. used both GC- and LC-MS methods to improve coverage in their analyses however this approach would generally require separate sample preparations as described above as well as two independent analytical platforms. Previous analyses of wheat grain using GC-MS and LC-MS platforms have yielded 50 to 412 (55 identified) features for GC-MS, 409 for combined GC-MS and LC-MS and several thousand for an LC-MS lipidomics analysis. By combining at least two modes into a single analysis, extended metabolome coverage can be maintained, increasing the richness of biological interpretation while also offering savings in both time and cost.  
To permit the efficient separation of a wide range of lipid species by reversed-phase chromatography, modern lipidomics methodologies commonly use a high proportion of isopropanol in the elution solvent6, providing amenability to lipid classes which might otherwise be unresolved by the chromatography. For an efficient lipid separation, the starting mobile phase is also much higher in organic composition than the typical reversed phase chromatographic methods which consider other classes of molecules. The high organic composition at the start of the gradient makes these methods less suitable to many other classes of molecules. Most notably, reversed phase liquid chromatography employs a binary solvent gradient, starting with a mostly aqueous composition, and increasing in organic content as the elution strength of the chromatography is increased. To this end, we sought to combine the two approaches to achieve separation of both lipid and non-lipid classes of metabolites within a single analysis.
e) Information to help readers to determine whether the method is appropriate for their application
The following information will help readers determine whether the method is appropriate for their application: 
Plant metabolites are influenced by factors such as the genome, environment (climate, rainfall etc.), and in an agriculture setting, the way crops are managed (i.e. application of fertilizer, fungicide etc.). Unlike the genome, the metabolome is influenced by all of these factors and hence metabolomics data provides a biochemical fingerprint of these interactions at a particular time. There are usually one of two goals for a metabolomics-based study. Firstly, to achieve a deeper understanding of the organism’s biochemistry and help explain the mechanism of response to perturbation (abiotic or biotic stress) in relation to the physiology. Secondly, to associate biomarkers with the perturbation under study.
3. Please include more citations to cover a wider body of literature in the introduction.
We have included the following 5 additional references to include a wider body of literature:
Beleggia, R. et al. Effect of Genotype, environment and genotype-by-environment interaction on metabolite profiling in durum wheat (Triticum durum Desf.) grain. Journal of Cereal Science. 57 (2), 183-192, (2013).
Blazenovic, I. et al. Structure Annotation of All Mass Spectra in Untargeted Metabolomics. Anal Chem. 91 (3), 2155-2162, (2019).
Castro-Perez, J. M. et al. Comprehensive LC−MSE Lipidomic Analysis using a Shotgun Approach and Its Application to Biomarker Detection and Identification in Osteoarthritis Patients. Journal of Proteome Research. 9 (5), 2377-2389, (2010).
Das, A. et al. Unraveling key metabolomic alterations in wheat embryos derived from freshly harvested and water imbibed seeds of two wheat cultivars with contrasting dormancy status. Frontiers in Plant Science. 8 (1203), (2017). 
Francki, M.G. et al. Metabolomic profiling and genomic analysis of wheat aneuploid lines to identify genes controlling biochemical pathways in mature grain. Plant Biotechnology Journal. 14 (2), 649-660, (2016). 
4. 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. Any text that cannot be written in the imperative tense may be added as a “Note.”
We have ensured that all text in the protocol is written in the imperative tense in complete sentences. Text which cannot be written in the imperative tense has been included as an asterisked note directly after each protocol step where appropriate.   
5. Please ensure that individual steps of the protocol should only contain 2-3 actions per step.
We have carefully reviewed the protocol to ensure that each step only contains 2-3 actions. 
6. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
We have added more detail to protocol steps in section 7 to include software navigation and recommended settings.  
7. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section.
The manuscript has been formatted: paragraph indentation: 0 for both left and right and special: none, line spacings: single. A single line space between each step, sub step and note in the protocol section has been included.
8. 1.2: Please include the significance of freeze drying at this stage.
In response to this request and that of Reviewer 1, we have included freeze drying as an optional step as a note rather than a critical step of the protocol: 
“*NOTE: We recommend freeze-drying seeds shortly after harvest if samples are being collected from multiple seasons. This minimizes any changes in metabolite concentration that may occur after varying periods of storage.  To do this: transfer seeds to a 15 mL plastic centrifuge tube (approximately 300 seeds will fill the tube) and cover with aluminum foil. Pierce the foil two-three times using a pin and freeze dry the whole grains overnight (approximately 24 h). Samples can either be returned to the -80 °C freezer at this stage or the next step can be carried out.”
9. 1.3: Please include why 150 seed are required per sample? What is the difference between coarse and fine material here? Do you store it in some solution?
150 seeds is the minimum amount required to fill the blender to blade height. We have updated the protocol to: “Once dry, grind the seeds using a laboratory blender for two runs on Hi for 20 s. *NOTE: The blender used for this protocol requires a minimum of approximately 150 seeds to fill the blender to blade height and give a relatively homogenously ground grain sample”.  
After blending, some coarsely ground grain material is likely to be present as well as the desired powder-like ground sample. We have updated the protocol to: “Remove the blender from the base and tap the side of the blender to bring any coarsely ground grain to the surface of the sample. Coarse material can be discarded or stored.” And “Transfer powder-like finely ground material from the blender to a 2 mL plastic microcentrifuge tube”. No solution is used to store either coarse or fine material. 
10. 2: What solution is used to prepare the stock solution? Fill to which line? Where and how do you store this, temperature of storage?
We have reworded the text in this section of the protocol to: 
“Preparation of extraction solvent (100 mL acetonitrile containing 20 µg/mL of each of the internal standards: 2-aminoanthracene, miconazole, 13C6-sorbitol, d6-transcinnamic acid). 
*NOTE: Prepare extraction solvent on the same day as performing the extractions. Prepare at least 2 mL of 1 mg/mL of each standard. Use ACN to prepare 2-aminoanthracene, miconazole and d6-transcinnamic acid and water to prepare 13C6-sorbitol. 
Take 2 mL of each 1 mg/mL standard and add to a 100 mL volumetric flask. 
Fill volumetric flask to the line with acetonitrile”. 
11. 3: So, the solvent contains internal standard as well?
Yes, the extraction solvent contains internal standard. As above, for clarity, we have reworded the text in this section of the protocol to: 
“Preparation of extraction solvent (100 mL acetonitrile containing 20 µg/mL of each of the internal standards: 2-aminoanthracene, miconazole, 13C6-sorbitol, d6-transcinnamic acid). 
 12. 5.1: Please explain what Water’s SOP is or provide citation.
We have included the following explanation in the protocol for the Water’s SOP: “As per the manufacturers (Water’s) standard operating procedure for the preparation of 400 ng/µL leucine enkephalin, pipette 7.5 mL of water into the 12 mL leucine-enkephalin vial containing 3 mg leucine-enkephalin. Freeze (-80°C) in 50 µL aliquots.” 
13. For the LC-MS procedure, please include all the button clicks in the software and equipment, knob turns etc. to show how the procedure is performed. 
We have directed the reader to the instrument user guide for specific set-up details:
*NOTE: A detailed description of instrument and acquisition method set-up is described in the 5600-system user guide. A general guide and the details specific to this protocol are outlined below. 
14. For the data processing, please include all the button clicks, etc. performed in the software to show how the process is performed. e.g., Right click on the peak to find the intensity, then click “Analyze”.
We have now included considerable detail in the data processing section of the protocol (section 7) to describe each software used and how each process is performed.  
15. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. 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.
We have now highlighted text that identifies essential steps of the protocol. 
16. Please describe the result with respect to your experiment, you performed an experiment, how did it help you to conclude what you wanted to and how is it in line with the title. , e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the figures. Data from both successful and sub-optimal experiments can be included.
We have included the following sentences at the beginning of the results section to describe the result with respect to the experiment performed: 
“The plant metabolome is influenced by a combination of its genome and environment, and additionally in an agricultural setting; the crop management regime. We demonstrate that genetic differences between wheat varieties can be observed at the metabolite level, here, with over 500 measured compounds showing significantly different concentrations between varieties in the grain alone.”
The paragraph text in the results section refers to all figures and tables with the exception of tables which are referred to in the protocol (i.e. Tables 1 and 2). 
17. What are the negative and positive control samples in your experiment? How do you check for negative and positive acquisitions? Where are the peaks for internal standard present in the figures?
We aimed to demonstrate metabolite changes in grain between different wheat varieties rather than changes from a wild type or reference variety. However, the following technical controls were used: 
Negative controls were preparative (extraction) blanks and solvent blanks. Including these samples allowed the removal of peaks which were introduced during the sample preparation steps from the final sample data.  
Positive controls were extraction blanks and samples containing metabolite internal standards. The detection of metabolite internal standards ensured that the method was suitable for the reproducible detection of metabolite compounds. 
With the exception of miconazole, the internal standards are not clearly visible in the total ion chromatogram. We have indicated the peaks for miconazole in figures 3 and 4 and included an additional figure (Figure 2) showing extracted ion chromatograms of each internal standard in positive and negative mode. Internal standard mass and retention time information are presented in Table 2 and mass accuracy and peak area reproducibility data are presented in Table 3. 
18. 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].”
This work does not contain figures which have been reused or reproduced from previous publications. 
19. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols. All figures and/or tables showing data must include measurement definitions, scale bars, and error bars (if applicable).
Each figure legend has been modified to include a brief summary of the data presented: 
Figure 1. The workflow used in this analysis for data checking, processing and filtering. Step 1 is conducted using the data acquisition/viewing software on the instrument so that ‘on-the-fly’ assessments can be conducted. This includes calculating the mass error (ppm) of internal standards and overlaying internal standard peaks for visual assessment of data reproducibility. Steps 2-7 describe the data processing procedure outlined in the protocol, section 7.  
Figure 2. Extracted ion chromatograms of 13C6-sorbitol (dark blue), leucine-enkephalin (pink), d6-trans-cinnamic acid (orange), 2-aminoanthracene (green) and miconazole (light blue) internal standards in positive (top) and negative (bottom) electrospray ionization modes. The internal standard retention times and intensities are shown.
Figure 3. Figure 3. Total ion chromatogram (TIC) overlay of preparative blanks showing negative mode (pink) and positive mode (blue) acquisitions. One internal standard, miconazole, is shown.
Figure 4. Total ion chromatogram (TIC) overlay, showing negative mode (pink) and positive mode (blue) acquisitions and number of features significantly different between wheat variety across the chromatographic gradient. In negative mode, the greatest number of significant features was found when mobile phase B composition was high. In positive mode, the greatest number of significant features was found when mobile phase C composition was high. 
20. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text.
Embedded tables have been removed and replaced with separate .xlsx files. Table titles and descriptions are given after the representative results section. 
21. Please sort the materials table in alphabetical order.
The materials table has been sorted in alphabetical order


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The paper describes a method for analysis of wheat seed by LCMS. The authors need to compare their method with other methods and explain its benefits more in the discussion. Although the authors have included considerable detail a few points need clarification.
Minor Concerns:
* Why are so many seed required (about 150 ground)? Have the authors verified that this number is needed to represent the diversity in a single wheat variety?
[bookmark: _GoBack]This number of seeds is required to fill the laboratory blender so that grain can be ground relatively homogenously. We have edited the protocol to make this clear: “Once dry, grind the seeds using a laboratory blender for two runs on Hi for 20 s. *NOTE: The blender used for this protocol requires a minimum of approximately 150 seeds to fill the blender to blade height and give a relatively homogenously ground grain sample”. 
* Why are the seeds freeze dried? If stored correctly the seed should have little moisture - how much do they lose on freeze drying. i.e. is this step necessary?
We have included freeze-drying to ensure that metabolite changes during storage are minimized since we intend to analyze samples from multiple seasons. Rather than include freeze-drying as a step in the protocol we have amended this section to include freeze-drying as an optional step by adding a note:
[bookmark: _Hlk24549945]“*NOTE: We recommend freeze-drying seeds shortly after harvest if samples are being collected from multiple seasons. This minimizes any changes in metabolite concentration that may occur after varying periods of storage.  To do this: transfer seeds to a 15 mL plastic centrifuge tube (approximately 300 seeds will fill the tube) and cover with aluminum foil. Pierce the foil two-three times using a pin and freeze dry the whole grains overnight (approximately 24 h). Samples can either be returned to the -80 °C freezer at this stage or the next step can be carried out.”
* Line 101 d6-transcinnamic acid should be d6-transcinnamic acid
This has been corrected to d6.
* The LC method described in Table 1 either has redundant segments or the need for segments has not been described. E.g. segment 5 could be removed. The slow flowrate change from 10 to 18 min is unusual. Again, is this the most efficient method?
Thank you for noticing this redundancy. Segment 5 was from an earlier version of the method and was mistakenly included in the current version. It has now been removed from Table 1. 
[bookmark: _Hlk22722017]When the IPA is initially introduced at 10 min, the flow rate needs to be lower to allow for the introduction of such a viscous solvent. The low flow rate prevents over-pressuring the LC system. After and 8-minute equilibration, this is then increased to a higher flow for improved peak capacity. We have included the following note in section 6.1: “IPA is a viscous solvent. It should be introduced at a low flow rate and a sufficient equilibration time should be used before increasing the composition to 98.0%. These steps will prevent the LC system from over-pressuring and stopping”. 
* It is not clear in the LCMS set-up if the (p5 167-187) if the data is acquired in +/- switching mode or in two independent runs. Please clarify. 
Each mode was run independently. We have included a note in section 6.2 to clarify this: “The instrument used in the work presented here requires positive and negative methods to be calibrated and run individually i.e. polarity switching within a method is not possible”.
* P5 L199 the authors state: "Correct the feature signals to signals in pooled QC samples" this needs more explanation. What correction is applied and how does this affect the results?
We have included additional protocol steps in section 7.5 to further explain the software used, software navigation, recommended settings and the type of correction applied. 
* P7 authors note the importance of internal standards - Why are there no internal standards for the lipid portion of the run?
We agree that the protocol would be improved with the addition of a lipid internal standard and have discussed this further in the discussion section and provided a recommendation for a suitable lipid class and supporting literature:   
“We included four standards in the extraction solution used to prepare grain and a standard in the final sample added prior to injection. Care was taken to ensure that standards were amenable to each ionization mode and covered a range of retention times however we acknowledge that this array of standards could be improved with the inclusion of a labeled lipid standard. It has been shown that wheat grain contains hundreds of triacylglycerols (TAGs), any of which would be a suitable addition to this protocol.
Reviewer #2:
The authors described a nice workflow for the metabolomic analysis of grain samples containing an analytical approach to analyze both hydrophilic and hydrophobic compounds in one run using a quaternary pump.
To further complete the paper, it is recommended to elaborate further on both the need of replicate analysis, why only biological replicates were chosen and no technical replicates were used, why a number of three biological replicates was chosen. Is this number of 3 sufficient to highlight all significant changes between the different samples.
The number of biological replicates is not likely to be adequate to observe significant changes in intensity for all metabolites however it is adequate for >500 metabolites where significant changes were observed. This is preliminary work from which power analysis can be performed to allow a more accurate estimation of the number of biological replicates needed. 
Pooled samples were used as technical replicates and run for the first 8 injections and then every 5th injection thereafter. There were 17 QC samples in total.  
We have amended section 6.8 to: 
Set up the instrument sequence table so that solvent and preparative (extraction) blanks are analyzed first; followed by pooled QC samples (6-10) for system conditioning; then the randomized sample list with QC samples run at regular intervals, e.g. every fifth injection, as technical replicates. Run two QC samples at the end of the sequence.
