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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
As these files are necessary for finalizing your script, 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.

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:  25
Number of Shots:  54 

Interviews
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. 
· 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.

Assemble the gnotobiotic system
Prepare and sterilize materials and solutions
Surface-sterilize maize and wheat Seeds
Video Editor: Use a title card to show this information

2. Planting Sterile Seeds in the GNOVA Gnotobiotic System
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.
2.1. To begin, take the pots prepared for the experiment [1] and remove the plastic cap from them [2]. Pour 378 milliliters of Murashige and Skoog medium into the pot. For clay and sand substrates, use 360 and 358 milliliters, respectively, to achieve 70% water-filled pore space [3].
2.1.1. WIDE: Talent placing the pots on the working area. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent removing the plastic cap from the pot.
2.1.3. Talent dispensing medium into the pot.
2.2. Using sterile tweezers, plant the sterilized seeds to the correct depth. Sow wheat at a depth of 0.5 inches and maize at a depth of 1 inch [1]. Alternatively, sow sterile pre-germinated seedlings into GNOVA [2] and use pre-germinated seeds for maize growth testing [3].
2.2.1. Talent sowing the sterilized seed with sterile tweezers.
2.2.2. Talent sowing wheat or maize at the appropriate depth.
2.2.3. Talent sowing sterile pre-germinated seedlings into GNOVA.
2.3. Replace the plastic cap on top of the pot [1].
2.3.1. Talent replacing the plastic cap on top of the pot.

3. Final Assembly of the Growth System
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Transfer the pot and glass cylinder to a growth chamber [1]. Hold the glass cylinder with the bottom facing down close to the pot [2].
3.1.1. Talent transferring the pot and glass cylinder to a growth chamber or greenhouse.
3.1.2. Talent holding the glass cylinder with the bottom facing down close to the pot.
3.2. Remove the plastic cap quickly from the pot [1] and the sterilization wrap from the glass cylinder [2]. Lower the glass cylinder onto the top and seat it on the ledge of the 3D printed base [3].
3.2.1. Talent quickly removing the plastic cap from the pot.
3.2.2. Talent removing the sterilization wrap from the glass cylinder.
3.2.3. Talent lowering the glass cylinder onto the pot and seating it on the ledge of the 3D printed base.
3.3. Grow wheat at day and night temperatures of 22 degrees Celsius and 16 degrees Celsius, respectively, with a 12-hour photoperiod under fluorescent lights only [1]. Grow maize at day and night temperatures of 27 degrees Celsius and 23 degrees Celsius, respectively, with a 12-hour photoperiod under fluorescent lights only [2].
3.3.1. Shot of wheat plants growing under fluorescent lights in the growth chamber.
3.3.2. Shot of maize plants growing under fluorescent lights in the growth chamber.

4. Irrigation Using a Portable Flame
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Attach a long silicon tubing piece to the bottle top dispenser [1].
4.1.1. WIDE: Talent attaching a long silicon tubing piece to the bottle top dispenser.
4.2. Maintain sterility during watering using a portable flame. If a portable flame is unavailable, perform irrigation with 10 percent bleach to maintain sterility [1].
4.2.1. Talent assembling the required material near a portable flame.
4.3. Place the flame near the irrigation line [1]. Remove the syringe barrel from the irrigation line and the filter holder [2]. Keep all tubing ends within the flame zone [3].
4.3.1. Talent placing the flame near the irrigation line.
4.3.2. Talent removing the syringe barrel from the irrigation line and the filter holder.
4.3.3. Talent holding all tubing ends within the flame zone.
4.4. Attach the filter holder to the irrigation line [1]. Connect the two syringe barrels to each other [2]. Then connect the other long silicon tubing piece on the bottle-top dispenser to the bottom port of the filter holder [3].
4.4.1. Talent attaching the filter holder to the irrigation line.
4.4.2. Talent connecting the two syringe barrels together.
4.4.3. Talent connecting the long silicon tubing piece to the bottom port of the filter holder.
4.5. Dispense 150 milliliters of 0.5 times Murashige and Skoog media [1]. Separate the two syringe barrels [2].
4.5.1. Talent dispensing 150 milliliters of 0.5 times Murashige and Skoog media.
4.5.2. Talent separating the two syringe barrels.
4.6. Detach the silicon tubing from the filter holder [1] and replace it with one syringe barrel [2].
4.6.1. Talent detaching the silicon tubing from the filter holder.
4.6.2. Talent replacing the silicon tubing with one syringe barrel.

5. Irrigation Using a Portable Flame 
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Use a 10 percent bleach irrigation strategy in large experiments with more than 50 samples to increase watering throughput [1].
5.1.1. Shot of experimental units prepared for high-throughput watering.
5.2. Dispense 10 percent volume per volume bleach solution into two small plastic beakers [1]. Place the beakers near the irrigation line [2] and remove the syringe barrel from the irrigation line and the filter holder [3].
5.2.1. Talent dispensing 10 percent volume per volume bleach solution into two small plastic beakers.
5.2.2. Talent placing the beakers near the irrigation line.
5.2.3. Talent removing the syringe barrel from the irrigation line and the filter holder.
5.3. Submerge all tubing ends in the 10 percent bleach solution until needed [1]. Shake off the excess bleach solution [2]. Then, attach the filter holder to the pot's irrigation line [3].
5.3.1. Talent submerging all tubing ends in the 10 percent bleach solution.
5.3.2. Talent shaking excess bleach solution from the tubing ends.
5.3.3. Talent attaching the filter holder to the irrigation line of the pot.
5.4. Connect the other long silicon tubing piece of the bottle top dispenser to the bottom port of the filter holder [1].
5.4.1. Talent connecting the long silicon tubing piece of the bottle top dispenser to the bottom port of the filter holder.
5.5. Dispense 150 milliliters of 0.5 times Murashige and Skoog media [1]. Detach the silicon tubing from the filter holder [2]. Adjust the irrigation volume to 120 milliliters for sand and 360 milliliters for clay [3].
5.5.1. Talent dispensing 0.5 times Murashige and Skoog media.
5.5.2. Talent detaching the silicon tubing from the filter holder.
5.5.3. Shot showing irrigation of different soil substrates.
5.6. Replace the filter in the irrigation line with a syringe barrel after removing excess bleach. If the irrigation volume changes, use about 20 milliliters of media to prime the line [2].
5.6.1. Talent replacing the filter in the irrigation line with a syringe barrel.
5.7. Irrigate the pots once per week. Adjust the irrigation volume and frequency based on the experiment's objective and the soil substrate used [1]. Increase the irrigation frequency to twice per week when using 100 percent sand [2].
5.7.1. Shot of pots receiving different irrigation schedules based on experimental conditions.
5.7.2. Shot of pots containing 100 percent sand being irrigated.

6. Harvesting and Post-Growth Analysis of Gnotobiotic Plant Cultures
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. Modify the harvest protocol to align with the specific research goals and the volume of samples being processed [1].
6.1.1. WIDE: Shot of samples ready for harvesting.
6.2. Transfer the gnotobiotic systems from the growth chamber to the laboratory [1]. Place the systems close to the laminar flow hood [2].
6.2.1. Talent transferring the gnotobiotic systems from the growth chamber to the laboratory.
6.2.2. Talent placing the gnotobiotic systems next to the laminar flow hood.
6.3. Remove the glass cylinder from the pot [1]. Quickly place the pot in the laminar-flow hood [2] and remove it from the 3D-printed base [3].
6.3.1. Talent removing the glass cylinder from the pot.
6.3.2. Talent placing the pot in the laminar flow hood.
6.3.3. Talent removing the pot from the 3D printed base.
6.4. Hold the plant at the base [1] and dump the soil substrate into a container [2]. Gently shake off large clumps of soil substrate from the roots [3]. Collect soil substrate samples, if required, according to the specific research goal [4].
6.4.1. Talent holding the plant at the base and dumping the soil substrate into a container.
6.4.2. Talent gently shaking large clumps of soil substrate from the roots.
6.4.3. Talent collecting a soil substrate sample from the container.
6.5. Using sterile scissors, separate the shoots from the roots [1]. Record the fresh shoot weight [2].
6.5.1. Talent separating the shoots from the roots with sterile scissors.
6.5.2. Talent recording the fresh shoot weight.
6.6. Clean the roots by gently shaking them in a beaker containing deionized water [1]. Blot dry the roots [2] and record the fresh root weight [3].
6.6.1. Talent gently shaking the roots in a beaker containing deionized water.
6.6.2. Talent blotting the roots dry.
6.6.3. Talent recording the fresh root weight.



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: 227.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Both wheat and maize reached 100% germination within GNOVA (G-Nova) [1], whereas in the bag system, wheat achieved 67% germination [2] and maize achieved 75% germination [3].
7.1.1. LAB MEDIA: Figure 6. Video editor: Highlight the purple bar labeled 100% for wheat in the GNOVA system.
7.1.2. LAB MEDIA: Figure 6. Video editor: Highlight the green bar labeled 67% for wheat in the bag system.
7.1.3. LAB MEDIA: Figure 6. Video editor: Highlight the green bar labeled 75% for maize in the bag system.
7.2. After 2 weeks, wheat grown within GNOVA reached Zadock’s growth stage 13, whereas wheat grown in the bag system remained at Zadock’s growth stage 11 [2].
7.2.1. LAB MEDIA: Figure 7A. 
7.3. At week 5, wheat grown within GNOVA reached Zadock’s growth stage 21, as indicated by the appearance of tillers [1], whereas tillers were absent in the bag system and plants remained at Zadock’s growth stage 13 [2].
7.3.1. LAB MEDIA: Figure 7B. Video editor: Zoom in on the wheat plant in the GNOVA container showing additional side shoots.
7.3.2. LAB MEDIA: Figure 7B. Video editor: Highlight the wheat plant in the bag system container where side shoots are not visible.
7.4. Wheat plants grown within GNOVA showed an increase in leaf number and biomass after continued growth [1].
7.4.1. LAB MEDIA: Figure 7C. 
7.5. After 12 weeks of growth in GNOVA, the wheat plants displayed more chlorotic leaves, and the glass cylinder was filled with plant biomass [1]. However, when the wheat plants were grown for an additional two weeks in GNOVA, there was no noticeable increase in biomass [2].
7.5.1. LAB MEDIA: Figure 7D. Video editor: Zoom in on the crowded plant growth filling the cylinder and the lighter-colored leaves.
7.5.2. LAB MEDIA: Figure 7E,F. Video editor: Show the wheat plants and emphasize that plant size appears similar between the two time points.
7.6. The growth of maize was assessed within GNOVA for four weeks and compared to maize grown in bags [1].
7.6.1. LAB MEDIA: Figure 8A and B. 
7.7. Maize cultivated within GNOVA exhibited significantly higher fresh shoot and root weight compared to maize grown in the bag system [1]. The fresh biomass of maize cultivated in GNOVA increased by 593% relative to that grown in the bag system. [2].
7.7.1. LAB MEDIA: Figure 8C. Video editor: Highlight the taller purple bar representing the GNOVA system.
7.7.2. LAB MEDIA: Figure 8D. Video editor: Highlight the taller purple bar representing the GNOVA system.
7.8. Maize grown within GNOVA had significantly greater shoot and root length than maize grown in the bag system [1].
7.8.1. LAB MEDIA: Figure 8E and F Video editor: Highlight the taller purple bar.
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