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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.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen-captured video files to your project page as soon as possible.

[bookmark: _Hlk204179977][bookmark: _Hlk201650592]Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up


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.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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

Current Protocol Length
Number of Steps:  24
Number of Shots:  54 (6 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. 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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. 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 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 	Comment by Poornima  G: 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Preparation of Media and Materials for the Experiment
Demonstrator: Click here to enter name of demonstrator(s) 


2.1. To begin, install and turn on all the equipment required for the procedure [1]. Wipe all non-electronic surfaces of the chamber, including the walls, ceiling, and door, with SA-20 disinfectant prepared at 7.8 milliliters per liter of water [1]. Leave the chamber door open and allow the chamber to air dry overnight [2].
2.1.1. WIDE: Talent showing the installed equipment and turning on them on.
2.1.2. Talent wiping the interior walls, ceiling, and door of the chamber with disinfectant.
2.1.3. Talent leaving the chamber door open to allow the interior to air dry.

2.2. Prepare 0.25x MS basal salt media without agar by dissolving 4.3 grams of MS salts and 1 gram of 2-(N-morpholino) ethane-sulfonic acid in 1 liter of deionized water [1-TXT]. Dilute the solution to a final volume of 4 liters [2] and dispense 700 milliliter aliquots into 1 liter bottles [3].
2.2.1. Talent adding MS salts and 2-(N-morpholino)ethanesulfonic acid to a container of deionized water. TXT: MS medium: Murashige and Skoog medium
2.2.2. Talent adding deionized water to bring the solution to a final volume of 4 liters.
2.2.3. Talent dispensing 700 milliliters of the prepared media into 1 liter bottles.

2.3. Then, fill autoclavable bottles with distilled or deionized water for seed sterilization and rinsing [1]. Autoclave the MS media and the prepared water using a liquid cycle for 30 minutes [2].
2.3.1. Talent filling autoclavable bottles with distilled or deionized water.
2.3.2. Talent placing bottles of MS media and water into the autoclave.

2.4. Wrap hydroponic boxes, tools, and containers in aluminum foil [1]. Autoclave the wrapped materials on a dry cycle with a 30-minute dry time [2]. After autoclaving, keep the materials in a laminar flow hood [3].
2.4.1. Talent wrapping hydroponic boxes, tools, and containers in aluminum foil.
2.4.2. Talent placing the wrapped materials into the autoclave.
2.4.3. Talent placing the still-wrapped sterilized materials inside a laminar flow hood.




3. Seed Sterilization and Addition to the Medium
Demonstrator: Click here to enter name of demonstrator(s)
3.1. Inside the hood, add radish seeds to a 2 percent bleach solution containing 0.05 percent Triton X-100 [1-TXT] and shake the seed suspension gently for 5 minutes at room temperature [2].
3.1.1. Talent adding seeds into a container holding the bleach and Triton X-100 solution inside the laminar flow hood. 
3.1.2. Talent gently shaking the container holding the seeds in solution.

3.2. Decant the bleach solution from the seeds [1] and rinse the seeds three times with sterile water [2]. After rinsing, soak the seeds overnight in sterile water to promote uniform germination [3].
3.2.1. Talent decanting the bleach solution from the seed container.
3.2.2. Talent rinsing the seeds with sterile water.
3.2.3. Talent placing the seeds in sterile water for soaking.







3.3. Next, fill each hydroponic box with sterile 0.25x MS medium until the felt surface is covered with approximately 1 to 2 millimeters of liquid [1]. Verify that no air gap exists between the felt and the liquid [2].
3.3.1. Talent pouring sterile 0.25 times MS medium into a hydroponic box containing the felt insert.
3.3.2. Shot of pointing to the interface between the felt and the liquid surface inside the hydroponic box.

3.4. Using sterile forceps, place up to 30 radish seeds onto the felt in each hydroponic box [1-TXT]. Press the seeds gently into the felt with the forceps [2] and ensure that the seeds are centered above the tip holes on the insert [3].
3.4.1. Talent placing seeds onto the felt surface of the hydroponic box using sterile forceps. TXT: Place 60 seeds if using amaranth
3.4.2. Talent pressing the seeds gently into the felt with forceps.
3.4.3. Close-up of seeds positioned on the felt directly above the tip holes of the insert.

3.5. Cover each planted hydroponic box with cling wrap or sterile lids to maintain humidity during germination [1].
3.5.1. Talent covering the hydroponic box with cling wrap or placing a sterile lid on top.





4. Running the Microgreen Experiment
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Set the primary carbon dioxide regulator to approximately 10 pounds per square inch [1]. Adjust the secondary step-down regulator between 1 and 3 pounds per square inch [2-TXT]. Slowly open the main valve on the carbon dioxide tank [3].
4.1.1. WIDE: Talent adjusting the primary carbon dioxide regulator on the gas tank.
4.1.2. Talent adjusting the secondary step-down regulator to the specified pressure. TXT: CAUTION: Air pressures above 5 psi will damage the solenoids!
4.1.3. Talent slowly opening the main valve on the carbon dioxide tank.
4.2. Turn on the benchtop incubator chambers [1] and set the internal temperature to 23 degrees Celsius or the desired temperature [2].
4.2.1. Talent switching on the benchtop incubator chamber.
4.2.2. Talent adjusting the chamber temperature control to 23 degrees Celsius.

4.3. Verify that the internal fan is functioning and ensure that the fan is unobstructed to maintain proper air circulation [1].
4.3.1. Shot of the internal chamber fan operating.

4.4. Now, open the Control_chamber_JoVE.py (control chamber Jove pie) code in Thonny [1]. Confirm the carbon dioxide and light settings [2]. Run the program [3] and then, verify that the solenoids, sensors, and lights respond properly [4].
4.4.1. SCREEN: Opening the file Control_chamber_JoVE.py in the Thonny interface. Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up
4.4.2. SCREEN: Showing the configuration section with carbon dioxide and light settings.
4.4.3. SCREEN: Clicking the Run icon in Thonny to execute the program.
4.4.4. Shot of the chamber system showing lights activating and indicators responding.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338][bookmark: _Hlk162020892]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: 

4.5. Once the environment is stable, place the covered hydroponic boxes inside each chamber [1]. Close the chamber door [2] and confirm that the carbon dioxide concentration returns to the set point within 3 to 5 minutes [3].
4.5.1. Talent placing covered hydroponic boxes into the incubator chamber.
4.5.2. Talent closing the chamber door.
4.5.3. Shot of the chamber display indicating carbon dioxide concentration returning to the set value.

4.6. Allow the seeds to germinate with the humidity covers in place for 3 to 4 days until cotyledon emergence is visible [1]. Remove the humidity covers once most seedling roots have penetrated the felt substrate [2].	Comment by Poornima  G: Authors: Is it better to place this shot after the shot 4.9?	Comment by Poornima  G: 
4.6.1. Close-up of seedlings in the hydroponic box with humidity covers in place.
4.6.2. Talent removing the humidity covers from the hydroponic boxes after root penetration through the felt substrate. Authors: Please prepare these samples beforehand


4.7. Cover the chamber door panels with aluminum foil or blackout film to prevent light interference [1]. Flip open the cover to check the plants daily [2] and re-adhere the cover with tape after inspection [3].
4.7.1. Talent covering the chamber door panel with aluminum foil or blackout film.
4.7.2. Talent lifting the foil cover on the chamber door to observe the plants inside.
4.7.3. Talent taping the foil or blackout cover back onto the chamber door.

4.8. Monitor the chamber readings one to three times daily using RealVNC or locally through a high-definition multimedia interface display [1].
4.8.1. Display the chamber monitoring interface accessed through RealVNC or an HDMI-connected monitor showing environmental readings.

4.9. Respond promptly to any email alerts generated by the system and record any anomalies or manual interventions [1].
4.9.1. Talent documenting anomalies or manual interventions in a laboratory record.



5. Plant Harvest, Data Collection and Chamber Shutdown
Demonstrator: Click here to enter name of demonstrator(s)
5.1. At the end of the growth cycle, open the chamber door [1] and remove the plants from the chamber. Process the plants as required for the experimental goals such as biomass, chlorophyll, or nutrient analysis [3].
5.1.1. Talent opening the chamber door.
5.1.2. Talent removing hydroponic boxes with plants from the chamber.

5.2. Stop the control script [1] and power down the benchtop incubator and lights [2].
5.2.1. SCREEN: Stopping the running program in Thonny by clicking the Stop control.
5.2.2. Talent switching off the benchtop incubator and lighting system.

5.3. Rename the chamber_data.csv (chamber data C-S-V) environmental data file [1] and copy the renamed file to a flash drive [2].
5.3.1. SCREEN: Renaming the file chamber_data.csv to a formatted file name such as Date_Species_3000vs400ppm.csv.
5.3.2. SCREEN: Dragging the renamed file to a connected flash drive.

5.4. Remove condensate from the chamber interior [1] and wipe the non-electronic interior surfaces with 70 percent ethanol [2].
5.4.1. Talent wiping condensation from the interior surfaces of the chamber.
5.4.2. Talent wiping non-electronic chamber surfaces with ethanol.

5.5. Leave the chamber door open [1] and run the air pump until the chamber and tubing are dry [2].
5.5.1. Talent leaving the chamber door open after cleaning.
5.5.2. Shot of the air pump operating while the chamber remains open.

5.6. Finally, turn off the power strips [1] and close the carbon dioxide tank valve to prevent leakage and conserve gas [2].
5.6.1. Talent switching off the power strip supplying the chamber equipment.
5.6.2. Talent closing the valve on the carbon dioxide tank.




5.6.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 195.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 	Comment by Poornima  G: Authors: We have discussed radish results here as we show that during the plating

6.1. Radish microgreens reached typical development by 10 days after planting [1].
6.1.1. LAB MEDIA: Figure 13A.

6.2. The carbon dioxide regulation system maintained target concentrations near 400 parts per million for the ambient condition and 3000 parts per million for extreme carbon dioxide condition [1].
6.2.1. LAB MEDIA: Figure 14

6.3. Mean carbon dioxide concentrations during radish experiments were 618 parts per million for the ambient treatment [1] and 3061 parts per million for the extreme condition treatment [2].
6.3.1. LAB MEDIA: Figure 14A. Video editor: Zoom in on the blue line
6.3.2. LAB MEDIA: Figure 14A. Video editor: Zoom in on the yellow line 

6.4. Carbon dioxide levels in the radish chambers became more variable during the daytime as plant mass increased, requiring frequent injections to maintain concentrations [1].
6.4.1. LAB MEDIA: Figure 14A. Video editor: Highlight the fluctuating lines in the white background regions.

6.5. Nighttime plant respiration increased carbon dioxide concentrations in the ambient radish chamber to peaks above 1200 parts per million [1].
6.5.1. LAB MEDIA: Figure 14A. Video editor: Highlight the blue lines between days 8 to 10 only in the grey shaded regions.

6.6. Carbon dioxide levels declined to near 400 parts per million shortly after the light period began, indicating rapid daytime uptake [1].
6.6.1. LAB MEDIA: Figure 14A. Video editor: Highlight the blue lines between days 8 to 10 only in the white background regions.

6.7. Chamber temperatures remained near 25 degrees Celsius during the daytime and close to the 23 degrees Celsius set point during the night [1].
6.7.1. LAB MEDIA: Figure 14B. Video editor: Highlight the two graph lines in white background regions and then highlight them in grey shaded regions.

6.8. Relative humidity increased gradually over the course of the radish experiment as plant transpiration increased [1].
6.8.1. LAB MEDIA: Figure 14C. Video editor: Highlight the upward trend in the humidity lines from the beginning to the end of the experiment towards the right.

6.9. Air pressure remained constant and nearly identical between the ambient and extreme carbon dioxide treatments throughout the experiment [1].
6.9.1. LAB MEDIA: Figure 14D. 


NOTE to the Authors:


Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.

You may upload these after your shoot
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