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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  26
Number of Shots:  48

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Preparation of Biological Plant Material
2.1. Before starting the experiment, label 20-milliliter harvesting tubes [1] containing two 5-millimeter and two 8-millimeter diameter metal beads for homogenizing [2].
2.1.1. WIDE: Talent carrying 20 mL harvesting tubes in a suitable container to the lab bench.
2.1.2. Talent labeling tubes. Tubes contain metal beads.


2.2. Then, fill up a dewar with liquid nitrogen [1] and harvest fresh leaf and root tissue samples immediately after cutting in liquid nitrogen by flash-freezing to exclude influence of circadian oscillation [2]. Store the harvested biological samples at minus 80 degrees Celsius for further processing [3].
2.2.1. Talent filling up a dewar with liquid nitrogen.
2.2.2. Talent harvesting tissue samples in liquid nitrogen. 
2.2.3. Talent placing the samples in a deep freezer.

2.3. Precool the tube holders in liquid nitrogen for a couple of minutes [1]. Transport the biological samples from the deep freezer to a nitrogen-containing dewar [2].
2.3.1. Talent cooling the tube holders.
2.3.2. Talent transporting samples to a nitrogen-containing dewar.

2.4. Next, grind the tissues at 25 hertz for 1 minute to obtain a homogeneous powder. Repeat freezing and grinding if the tissue is not homogeneously ground [1]. Grind the dried seeds in a grinding jar with a 15 millimeter diameter metal bead [2].
2.4.1. Talent placing samples in grinder or mill and starts the process. 
2.4.2. Talent adding the seeds in a jar with a 15 millimeter diameter metal bead.
 
2.5. Weigh 50 milligrams of fresh plant material in a precooled, labeled 2-milliliter safe-lock microcentrifuge tubes [1-TXT], ensuring that plant material stays frozen during the weighing process [2-TXT].
2.5.1. Talent weighing samples on an analytical scale OR Talent weighing samples in safe-lock microcentrifuge tubes on an analytical scale. TEXT: Weigh 50 mg ±5 mg
2.5.2. Talent transferring the samples to the tubes OR talent removing samples from the analytical scale. TEXT: Prepare quality control samples from each sample.

3. Sample Extraction
3.1. [bookmark: _Hlk75419122]Transfer the fresh tissue samples from the minus 80 degrees Celsius freezer to dry ice or liquid nitrogen for transportation [1]. Add 50-milligrams aliquots of each sample in three 1.5-milliliter safe-lock microcentrifuge tubes [2]. 
3.1.1. WIDE: Talent transferring samples to dry ice or liquid nitrogen.
3.1.2. Talent adding sample to a microcentrifuge tube. All three microcentrifuge tubes in view.

3.2. Add 1 milliliter of precooled extraction mixture 1 to each 50-milligram aliquot [1] and vortex the tubes briefly before keeping on ice [2].
3.2.1. Talent adding extraction medium 1 to the tube. 
3.2.2. Talent voetexing the tubes and keeping tube on ice.
	
3.3. Incubate the samples on an orbital shaker at 800 × g for 10 minutes at 4 degrees Celsius [1] followed by sonication in an ice-cooled sonication bath for 10 minutes [2]. 
3.3.1. Talent placing tubes on an orbital shaker.
3.3.2. Talent placing tubes in sonication bath.

3.4. Use a multichannel pipette to add 500 microliters of extraction medium 2 to the samples [1] and mix the extraction mixtures by brief vortexing [2]. Then, centrifuge the mixture at 11,200 × g for 5 minutes at 4 degrees Celsius [3]. 
3.4.1. Talent adding extraction medium 2 the samples.
3.4.2. Talent vortexing the sample 
3.4.3. Talent  placing tube in a centrifuge and closing the lid.

3.5. After centrifugation, transfer 500 microliters of the separated upper lipid-containing phase [1] to a prelabeled 1.5-milliliter safe-lock microcentrifuge tube [2]. Remove the rest of the upper phase [3-TXT].
3.5.1. Separate phases in the tube. 
3.5.2. Talent transfers upper phase to a prelabeled 1.5 mL microcentrifuge tube. 
3.5.3. Talent removing the remaining upper phase. TEXT: Upper phase has high vapor pressure. Tends to leak.

3.6. In separate 1.5-milliliter safe-lock microcentrifuge tubes, transfer 150 microliters of the lower polar phase for GC-MS (G-C-M-S) [1] and 300 microliters of the semi-polar metabolite-containing phase for UHPLC-MS (U-H-P-L-C-M-S) analysis [2]. Authors: Can these two phases be viewed separately? 
3.6.1. Two lower phases in the tube.
3.6.2. Talent transferring lower phases in safe-lock microcentrifuge tubes.

3.7. Use a vacuum concentrator for solvent evaporation in order to concentrate all the extracted fractions without heating [1] and store the dried lipid fractions at minus 20 degrees Celsius [2].
3.7.1. Talent concentrating the extracted fractions using vacuum concentrator.
3.7.2. Talent storing lipid fractions in deep freezer.

4. UHPLC-MS Analysis of Lipids and Normalization of Large-scale Metabolomics Dataset
4.1. To prepare the sample for ultra-high-performance liquid chromatography-mass spectrometry or UHPLC-MS [1], resuspend the dried lipid fractions in 250 microliters of a mixture of acetonitrile and 2-propanol [2-TXT]. Sonicate the lipid phase for 5 minutes [3] followed by centrifugation at 11,200 × g for 1 minute [4]. 
4.1.1. WIDE: Talent removing samples from the freezer.
4.1.2. Talent resuspending the dried lipid fractions. TEXT:  Acetonitrile: 2-propanol: 7:3 (v/v) 
4.1.3. Talent sonicating the samples.
4.1.4. Talent placing tubes in centrifuge and closing the lid.

4.2. After centrifugation, transfer 90 microliters of the supernatant to a glass vial [1] and inject 2 microliters of the extracts into the LC-MS (L-C-M-S) sample port [2].
4.2.1. Talent adding supernatant to the glass vial.
4.2.2. Talent injecting sample into the system.

4.3. Perform lipid fractionation on a reversed-phase C8 (C-8) column at 60 degrees Celsius and 400 microliters per minute with gradual changes of eluent A and B [1-TXT]. Acquire the mass spectra of the test, blank, and quality control or QC samples in positive ionization mode with a mass range of 150 to 1,500 m/z [2-TXT]. Authors: How would you like JoVE’s voiceover to pronounce m/z, mass to charge ratio or other?
4.3.1. Sample running through the system. TEXT: Refer to Table 1.
4.3.2. Talent acquiring spectra. OR SCREEN: Mass spectra of the samples. TEXT: Randomize samples block-wise in sequential order
Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19133308


4.4. For samples of polar and semi-polar metabolites, run a pooled QC sample in data-dependent Tandem mass spectrometry in negative and positive ionization modes. Use the obtained mass spectra for annotation [1].
4.4.1. Sample running through the system OR SCREEN: Mass spectra of the samples.

4.5. [bookmark: _Hlk75436492]Perform the normalization of the dataset by checking the distribution of the internal standard. Normalize the data by correcting for the response of single or multiple internal standards [1]. 
4.5.1. SCREEN: Normalization being performed.

4.6. Next, correct the peak intensities obtained from the chromatogram over the exact sample weight by dividing the peak intensities of the aliquoted homogenized sample [1].
4.6.1. SCREEN: Peak intensities being corrected.  

4.7. For correcting the intensity drift across multi-batch series, perform QC-based correction methods such as locally estimated scatterplot smoothing using R [1].
4.7.1. SCREEN: QC-based correction methods being performed. 

5. [bookmark: _Hlk75436837]Genome-wide Association Studies (GWAS)
5.1. Before genome-wide association studies or GWAS (G-W-A-S), filter the genotypic data for minor allele frequency less than 5% and missing rate of more than 10% using Tassel. This will avoid low-frequency bias [1].
5.1.1. SCREEN: Genotypic data being filtered.

5.2. To eliminate bias originating from environmental factors, use the R package Ime4 and calculate best linear unbiased predictions or BLUPs (B-L-U-Ps) for each normalized feature over the experimental repetitions [1]. Authors: How would you like JoVE’s voiceover to pronounce Ime4?
5.2.1. SCREEN: R package Ime4 being used and BLUPs being calculated. 

5.3. Use BLUPs of each feature individually to perform GWAS with the rMVP package in R [1]. Authors: How would you like JoVE’s voiceover to pronounce rMVP? R-M-V-P or other?
5.3.1. SCREEN: GWAS being performed with the rMVP package.

5.4. While performing GWAS, correct for population structure using principal component analysis. Use identity by state or vanRaden to minimize confounding effects [1]. Consider using mixed models like a mixed linear model or a multi-locus mixed model as these models contain fixed and random effects [2].
5.4.1. SCREEN: Population structure being corrected, and confounding effects being minimized. 
5.4.2. SCREEN: Mixed models being used.

5.5. For quantitative trait loci or QTL (Q-T-L) detection, check the SNPs showing significant association. To do so, take the Manhattan plots into consideration, for linkage disequilibrium calculations to determine the underlying genetic region [1-TXT]. Using the R package LD heatmap or Tassel 5, perform LD calculations [2].
5.5.1. SCREEN: SNPs with significant association being checked. TEXT: SNPs: single-nucleiotide polymorphisms
5.5.2. SCREEN: LD calculations being performed.

5.6. Check the associated SNPs for the effect size over the trait. To find potential causal SNPs for the phenotypic variation, examine the trait levels for statistical changes between haplotypes [1].
5.6.1. SCREEN: Associated SNPs being checked for the effect size and trait levels being examined for statistical changes. 

5.7. To underline the genetic regions associated with several traits, combine all detected QTL associated with certain compounds in a pleiotropic map [1].
5.7.1. SCREEN: All detected QTL being combined OR LAB MEDIA: Figure 4.


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

[bookmark: Text1]Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 058. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: Analysis and Quantification of Legume Metabolomes and Lipidomes
6.1. In the representative chromatograms of QC samples from different batches [1], the elution pattern of some major lipid classes was indicated [2]. The batch-wise variation for certain lipid classes in the pooled QC samples was observed [3]. 
6.1.1. LAB MEDIA: Figure 2.
6.1.2. LAB MEDIA: Figure 2. Video Editor: Emphasize four classes of lipids in black box
6.1.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the peaks in light grey box and the black arrow indicating intensity

6.2. A pleiotropic map combining multiple GWAS results highlights the genomic regions associated with several traits [1]. Individual trait with its significantly associated SNPs was represented [2].
6.2.1. LAB MEDIA: Figure 4.
6.2.2. LAB MEDIA: Figure 4. Video Editor: Emphasize individual circlet from 1 to 11




Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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