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NOTE to Video Editor: Authors accidentally used draft for filming

Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No
3. Filming location: Will the filming need to take place in multiple locations?   No


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Esther Miller: Using this protocol we can address questions regarding how microbes assemble and interact in the phyllosphere. It has the added benefit that by using the sterile vegetable extract we can link the structure of phyllosphere communities to their function during vegetable fermentation. 
1.1.1. Interview.

1.2. Esther Miller: These techniques enable scientists to test how microbes interact in the phyllosphere and then track how these phyllosphere communities can impact fermentation.
1.2.1. Interview.

OPTIONAL: 
1.3. 	Esther Miller: These methods are specifically applied to the cabbage microbiome, but could be useful in other plant systems. 
1.3.1. Interview.

OPTIONAL: 
1.4. Esther Miller: It can be challenging to keep this system sterile. Our outlined protocols are detailed but we have found each step to be important. 
1.4.1. Interview.


Introduction of Demonstrator on Camera


1.5. Benjamin Wolfe: Demonstrating the procedure will be Esther Miller, a Graduate Student from my laboratory. Include additional demonstrators as needed.  
1.5.1. INTERVIEW: Author saying the above. 
1.5.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Protocol

2. Growing Germ-free Cabbages
2.1. To surface-sterilize the cabbage seeds, start by placing 100 seeds in a 1.5-milliliter microcentrifuge tube [1]. Add 1 milliliter of 70% ethanol to the tube [2] and vortex it for 5 minutes [3]. Then, use a pipette to discard the ethanol [4]. 
2.1.1. WIDE: Establishing shot of talent at the lab bench adding seeds to a tube.
2.1.2. Talent adding ethanol to the tube, with the ethanol container labeled and in the shot. 
2.1.3. Talent vortexing the tube. 
2.1.4. Talent removing the ethanol from the tube. 
2.2. Add 1 milliliter of 50% bleach [1] and vortex the tube for 5 minutes [2], then discard the bleach [2B]. Rinse the seeds twice by adding 1 milliliter of autoclaved deionized water [3], vortexing the tube, then discarding the water [4].    
2.2.1. Talent adding bleach to the seeds, with the bleach container labeled and in the shot. 
2.2.2. Talent vortexing the tube.  
2.2.2.B Added shot: Talent removing the bleach from the tube 
2.2.3. Talent adding water to the tube. 
2.2.4. Talent taking the tube off of the vortex and removing the water. 
2.3. After the last rinse, soak the seeds in sterile deionized water for 2 to 8 hours to soften the seed coat before planting [1]. 
2.3.1. Seeds soaking in water. 
2.4. Weigh 10 grams of clean, calcined clay into a 15 by 2.5-centimeter glass tube [1] Add approximately 9 milliliters of prepared MS broth to each tube to cover the calcined clay [2]. Loosely cap the glass tubes with 22-millimeter 2-way test tube caps [3]
2.4.1. Talent adding clay to a tube. 
2.4.2. Talent adding MS broth to a tube, enough to cover the clay. NOTE: 2.4.2 and 2.4.3 may be combined. 
2.4.3.  Talent capping the tubes. 

2.5. Autoclave tubes at 121 degrees Celsius for 60 minutes [1]. When removing the tubes from the autoclave, push the caps onto the glass tubes to seal them, then cool the tubes to room temperature before use [2]. 
2.5.1. Talent putting the tubes in the autoclave. 
2.5.2. Talent taking a tube out of the autoclave and pushing the cap onto the tube, then setting it down to cool.
2.6. When the tubes have cooled, use extra-long forceps to gently place one sterile cabbage seed into the center of each tube [1]. Place the tubes in a 7-way tray and [2] place the tray under light racks with a 16-hour light cycle at 24 degrees Celsius [3]. 
2.6.1. Talent putting a seed in the tube. 
2.6.2. Talent putting tubes in the tray. 
2.6.3. Talent putting the tray under a light rack. 
2.7. The seeds will develop their first true leaf after 5 days, which is the first vascular leaf after the cotyledons have formed [1]. It has a wrinkled edge and is covered in trichomes [2].
2.7.1. Talent taking a tube with the plant out of the incubator. 
2.7.2. Talent demonstrating the first true leaf.  Author NOTE: steps 2.7.1 – 2.7.2 were filmed in a couple of ways, one showing day 5, day 7 and day 14 cabbages on a light rack and another way where I take a 14 day old cabbage and point at the true leaf with a pen.
2.8. To test the germ-free cabbage for sterility, gently grip the base of the plant with sterilized forceps and pull it out.  Before fully removing the cabbage from the tube, carefully cut off the roots with sterilized dissection scissors [1]. Then, compact the cabbage leaves into a 1.5-milliliter microcentrifuge tube [2].
2.8.1. Talent gently pulling the plant out of the tube and cutting off the roots.  NOTE: 2.8.1 and 2.8.2 in one shot.
2.8.2. Talent compacting the leaves in the tube.
2.9. Add 400 microliters of PBS to each microcentrifuge tube [1] and use a sterile micropestle to homogenize the cabbage [2]. Plate 100 microliters of the cabbage homogenate onto agar plates, making sure to use a wide orifice pipette tip [3]. 
2.9.1. Talent adding PBS to one tube. 
2.9.2. Talent grinding the cabbage. 
2.9.3. Talent adding homogenate to an agar plate and spreading it with beads, then removing beads. 
3. Inoculating the Phyllosphere with Microbial Solutions
3.1. To make glycerol stocks of inoculating strains, gently streak out individual colonies onto 2 or 3 new plates of the same media [1]. Grow the colonies for 2 to 5 days [2], then scrape them from the plates into a 15-milliliter conical tube with 15 milliliters of 15% glycerol [3]. Vortex the tube thoroughly to mix [3]. 
3.1.1. Talent streaking bacteria onto a plate. 
3.1.2. Plate with colonies.
3.1.3. Talent scraping colonies into a tube with glycerol. 
3.1.4. Talent vortexing the tube. 
3.2. Aliquot 1 milliliter of the mixed glycerol stock into a microcentrifuge tube [1] and store it at -80 degrees Celsius until ready to use [2], along with the remaining 14 milliliters of glycerol stock [3].
3.2.1. Talent aliquoting 1mL of the glycerol stock. 
3.2.2. Talent putting the microcentrifuge tube in the freezer. 
3.2.3. Talent putting the 15mL tube in the freezer and closing the door.  
3.3. One week prior to use, thaw the 1-milliliter aliquot on ice [1] and plate it at several different dilutions to determine the concentration of the inoculation stock [2]. 
3.3.1. Talent putting the microcentrifuge tube with the stock on ice. 
3.3.2. Talent plating a dilution of the stock. 
3.4. When ready to inoculate the cabbage, thaw the glycerol stock on ice [1] and dilute it to the desired concentration [2]. Add 10 milliliters of the diluted stock to the sterile pump bottle [3] and pump 5 sprays into a large waste collection beaker [4]. 
3.4.1. Tube with glycerol stock on ice. 
3.4.2. Talent diluting the glycerol stock. 
3.4.3. Talent transferring the diluted stock to a pump bottle. 
3.4.4. Talent spraying the bacteria into a waste collection beaker . 
3.5. Remove the lid from the cabbage tube and tilt the cabbage towards the spray bottle [1]. Spray each cabbage with 3 pumps of the inoculation solution, then harvest a subset of the cabbages to assess the actual input inoculation concentration [2].
3.5.1. Talent removing the lid from the cabbage tube and tilting the cabbage towards the spray bottle. NOTE: 3.5.1 and 3.5.2 in one shot
3.5.2. Talent spraying the cabbage. 
3.6. To harvest the cabbage, remove it from the tube with sterilized forceps. Cut off the roots with sterile dissection scissors [1] and carefully place it in a pre-weighed sterile microcentrifuge tube [2]. Record the weight of the cabbage for future calculations [3]. 
3.6.1. Talent removing the cabbage from the tube and cutting off the roots. 
3.6.2. Talent placing the cabbage in a microcentrifuge tube. 
3.6.3. Talent weighing the cabbage. 
3.7. Add 400 microliters of PBS to each tube with the cabbage [1] and grind it 30 times with a micropestle [2]. Then, plate the cabbage homogenate using wide orifice pipette tips [3]. 
3.7.1. Talent adding PBS to a few tubes with cabbage. 
3.7.2. Talent grinding the cabbage. 
3.7.3. Talent plating the cabbage homogenate. 

4. Preparing Sterile Vegetable Extract
4.1. Remove and discard the outermost leaves of the cabbage [1] and chop all remaining cabbage to fit into a blender [2]. Blend it to a fine pulp [3] and weigh the cabbage homogenate [4]. 
4.1.1. Talent removing the outermost leaves of a cabbage. 
4.1.2. Talent chopping the cabbage. 
4.1.3. Cabbage blending in the blender. 
4.1.4. Talent weighing the blended cabbage. 
4.2. Add 2 milliliters of distilled water per gram of cabbage [1], then filter the cabbage slurry through 2 layers of basket coffee filters [2]. Dispense the slurry into centrifuge tubes [3] and centrifuge it at 20,000 x g for 20 minutes or until large particles settle out of solution [4].
4.2.1. Talent adding water to cabbage. 
4.2.2. Talent filtering the cabbage slurry through the coffee filters. 
4.2.3. Talent dispensing the slurry into centrifuge tubes.
4.2.4. Talent putting the tubes in the centrifuge and closing the lid. 
4.3. Remove the supernatant, taking care to not disturb the pelleted cabbage debris [1]. To recreate the fermentation conditions with standard salt concentrations, add 2% weight to volume sodium chloride to the extract [2]. 
4.3.1. Talent removing the supernatant. 
4.3.2. Talent adding NaCl to the extract. 
4.4. Filter the vegetable extract with a 0.2-micrometer filter attached to a vacuum [1], dispense it into sterile tubes [2], and freeze it at -80 degrees Celsius [3]. 
4.4.1. Talent filtering the extract. 
4.4.2. Talent dispensing the extract into tubes. 
4.4.3. Talent putting the tubes in the freezer.  



Results
5. Results: Growth of Microbial Inoculates in the Napa Cabbage Phyllosphere and Sterile Vegetable Extract  
5.1. The seed sterilization method was tested with several Napa cabbages and they all demonstrated similar growth rates [1]. However, other species of Brassica gave limited success because the plants either had low germination rates after sterilizing or the stem elongated rapidly to make a spindly, unhealthy plant [2].
5.1.1. LAB MEDIA: Supplementary Figure 1. 
5.1.2. LAB MEDIA: Supplementary Figure 2. 
5.2. Microbial isolates were inoculated either as single strain isolates or in combination with another isolate [1]. A total of 15 germ-free cabbages were tested for each treatment and harvested either immediately, 4 days, or 10 days after inoculation. The isolates demonstrated rapid growth in the Napa cabbage phyllosphere [2].
5.2.1. LAB MEDIA: Figure 2. Video Editor: Emphasize A when VO says “single strain isolates” and B when VO says “in combination with another isolate”.  
5.2.2. LAB MEDIA: Figure 2. 
5.3. Two yeasts and three bacteria were inoculated into three different types of sterile vegetable extract, or SVE, made from red, green, and Napa cabbage. Growth of the inoculates was recorded over 14 days by spot plating 5 microliters of each treatment onto either MRS or YPD agar plates [1].
5.3.1. LAB MEDIA: Figure 3 A. Video Editor: Show the bacteria and yeast legend. 
5.4. Measurements of pH throughout the fermentation showed that the lactic acid bacteria were capable of acidifying the SVE to levels below pH 4, indicating a ferment that is safe for consumption [1].
5.4.1. LAB MEDIA: Figure 3 B. Video Editor: Show the bacteria and yeast legend.



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Esther Miller: When spraying the cabbages be sure to inoculate at the correct concentration for your experiment. Phyllosphere isolates are capable of rapid growth in this system while lactic acid bacteria decrease in abundance. 

6.1.1. Interview. Suggested B-roll: 3.5.2.  

6.2. Esther Miller: This technique could pave the way for researchers wanting to understand how microbes influence plant health and, when considering crop plants, overall food safety and quality. 

6.2.1. Interview.
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