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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?  No
If Yes, can you record movies/images using your own microscope camera?

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  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?   No
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. Yes 

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.
Deborah “Jo” Heuschele, Research Agronomist;  Hannah L. Rusch, Researcher Professional 6 – Plant Science


Current Protocol Length
Number of Steps: 27
Number of Shots: 60 

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


Authors: Statements have been edited for length and clarity. 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. D. Jo Heuschele: Our research examines how plant structure, cell composition, and tissue architecture influence forage digestibility and, ultimately, animal performance in livestock systems.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Hannah Rusch: This protocol can be applied to investigate stem tissue anatomy in alfalfa and other plant species with comparable structural features.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Hannah Rusch: This protocol allows researchers to examine the distribution patterns of lignin and pectin across different stem tissues.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.4. D. Jo Heuschele: Future studies could use this assay to guide modifications in plant structure aimed at improving digestion for livestock and industrial applications.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


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

Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

What is the key takeaway you hope viewers remember after watching your video article?
1.1. Deborah “Jo” Heuschele, Research Agronomist/Hannah L. Rusch, Researcher Professional 6 – Plant Science: (authors will present their testimonial statements live)

What value do you expect this video article to have for other researchers working in your field?
1.2. Deborah “Jo” Heuschele, Research Agronomist/Hannah L. Rusch, Researcher Professional 6 – Plant Science: (authors will present their testimonial statements live) 

Note to Authors: Please confirm which author will answer each question during the shoot
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Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

Author: For better continuity and flow, Steps 2.1 and 3.1 in the script have been included from the unhighlighted portions of the manuscript.

2. Preparation of the Inoculation Solution
Demonstrator: R. Ted Jeo 

2.1. Begin by arranging the material in the fume hood [1]. Add 47 milliliters of water and 4 milliliters of 1 normal sodium hydroxide to a 100-milliliter beaker in a fume hood, then add 0.625 grams of cysteine hydrochloride [2]. In a second 100-milliliter beaker, add 0.625 grams of sodium sulfide to 47 milliliters of water, and keep the 2 solutions separate until the inoculation solution is prepared [3].
2.1.1. WIDE: Talent arranging the material in the fume hood
2.1.2. Talent adding 47 mL of water, 4 mL of 1N sodium hydroxide, and 0.625 grams of cysteine hydrochloride to a 100-mL beaker in the fume hood
2.1.3. Talent adding 0.625 grams of sodium sulfide to 47 milliliters of water in a second 100-mL beaker and keeping the 2 solutions separate
2.2. Combine the two reducing-agent solutions and mix them to obtain the reduction solution [1]. 
2.2.1. Talent combining the two reducing-agent solutions and mixing them to prepare the reduction solution

2.3. Place a glass beaker of at least 2 liters capacity containing a large stir bar on a heated stirring plate set below 30 degrees Celsius [1]. Position a carbon dioxide diffuser above the liquid [2], add 1,600 milliliters of pre-warmed McDougall's buffer, and stir slowly, ensuring the diffuser does not contact the liquid [3].
2.3.1. Talent placing a glass beaker containing a large stir bar on the heated stirring plate
2.3.2. Talent positioning the carbon dioxide diffuser above the liquid
2.3.3. Talent adding 1,600 mL of McDougall’s buffer and stirring slowly

2.4. Line a large funnel with two layers of grade 50 cheesecloth and place it over a 2-liter graduated cylinder [1]. Filter 400 milliliters of rumen fluid and add it to the McDougall's buffer to prepare the inoculation solution [2]. Then add 80 milliliters of the reduction solution to the inoculation solution and mix slowly while keeping the carbon dioxide diffuser from contacting the liquid [3].
2.4.1. Talent lining a large funnel with 2 layers of grade 50 cheesecloth and placing it over a 2-liter graduated cylinder
2.4.2. Talent filtering 400 mL of rumen fluid and adding it to the McDougall’s buffer
2.4.3. Talent adding 80 mL of reduction solution to the inoculation solution and mixing slowly

3. In Vitro Incubation of Alfalfa Stem Cross Sections
Demonstrator: R. Ted Jeo; Hannah Rusch 

3.1. Before incubation, prepare the alfalfa stem cross-section slides by mounting four 100-micrometer-thick cross sections onto double-sided tape on each labeled glass slide [1]. Place two prepared slides back-to-back in a pre-incubation holding tube containing ultrapure water until inoculation [2]. 
3.1.1. Talent mounting the stem cross sections onto the double-sided tape on a labeled glass slide
3.1.2.  Talent placing two mounted slides back-to-back into the pre-incubation holding tube
3.2. In the fume hood, remove the caps from the incubation tubes and organize them into racks according to the designated incubation times [1]. Uncap the pre-incubation holding tubes [2], then randomly select one tube at a time and transfer the mounted glass slides with tweezers into the corresponding incubation tube [3]. Place each incubation tube containing the mounted slides into a small sample rack and set the pre-incubation holding tube aside [4].
3.2.1. Talent uncapping the incubation tubes and organizing them into separate racks by incubation time
3.2.2. Talent uncapping the pre-incubation holding tubes 
3.2.3. Talent selecting the tube and transferring the mounted glass slides with tweezers into the corresponding incubation tube
3.2.4. Talent placing the incubation tube into a small sample rack and setting the pre-incubation holding tube aside

3.3. Draw 30 milliliters of inoculation solution into a 60-milliliter syringe fitted with a blunt, large-bore needle [1]. Slowly dispense the solution down the side of the incubation tube, purge the tube with carbon dioxide for approximately 20 seconds [2], then cap the tube and return it to the rack [3].
3.3.1. Talent drawing 30 mL of inoculation solution into a 60-mL syringe fitted with a blunt, large-bore needle
3.3.2. Talent dispensing the inoculation solution down the side of the incubation tube and purging the tube with carbon dioxide,
3.3.3. Talent capping the tubes and returning them to the rack

3.4. Place the racks containing the inoculated tubes in a 39 degrees Celsius water bath [1]. Gently swirl the tubes at least once daily and shift the rack positions each day to minimize uneven heating [2]. During incubation, confirm active fermentation by observing gas bubbles in the tubes [3].
3.4.1. Talent placing the racks containing the inoculated tubes in the 39 degrees Celsius water bath
3.4.2. Talent gently swirling the tubes and shifting the rack positions
3.4.3. CU: Gas bubbles visible in an incubation tube, indicating active fermentation

3.5. At the end of each incubation period, remove the corresponding rack from the water bath [1]. Open one tube at a time, remove each slide, and gently rinse away solids and residual inoculation solution with ultrapure water [2]. Place the rinsed slides into the post-incubation storage tubes containing the glycerol-ultrapure water mixture [3].
3.5.1. Talent removing the corresponding rack from the water bath
3.5.2. Talent opening the tube, removing each slide from an incubation tube and gently rinsing it with ultrapure water
3.5.3. Talent placing the slides into the post-incubation glycerol-water storage tube

4. Wiesner Staining for Lignin and Imaging
Demonstrator: Hannah Rusch 

4.1. Transfer the slides containing the mounted cross sections from the glycerol-water storage mixture into pre-staining rinse tubes containing a mixture of ethanol and ultrapure water [1]. Store the tubes overnight in a refrigerator to remove glycerol before staining [2].
4.1.1. Talent transferring both slides into pre-staining rinse tubes containing the ethanol-ultrapure water solution
4.1.2. Talent placing the pre-staining rinse tubes in a refrigerator for overnight storage

4.2. Prepare a 3 percent phloroglucinol solution by dissolving 0.3 grams of phloroglucinol in 10 milliliters of absolute ethanol in a 125-milliliter Erlenmeyer flask wrapped in aluminum foil to protect the photosensitive reagent from light [1]. Stopper the flask, label it with the solution name, preparation date, and preparer's name [2], and store the prepared solution in a refrigerator until use [3].
4.2.1. Talent dissolving 0.3 grams of phloroglucinol in 10 milliliters of absolute ethanol in the foil-wrapped 125-milliliter Erlenmeyer flask
4.2.2. Talent stoppering and labeling the flask 
4.2.3. Talent placing the flask labeled flask in a refrigerator

4.3. Remove the slides from the refrigerated pre-staining tubes [1] and temporarily transfer them into hydrating tubes containing 100% ultrapure water to minimize oxidation and prevent tissue damage [2].
4.3.1. Talent removing the slides from the refrigerated pre-staining tubes
4.3.2. Talent transferring the slides from the refrigerated tubes into hydrating tubes containing 100 percent ultrapure water

4.4. In a fume hood, prepare the Wiesner stain by mixing 50 microliters of 3% phloroglucinol in ethanol with 25 microliters of hydrochloric acid in a 50-milliliter beaker, adjusting the quantities as needed while maintaining a 2-to-1 ratio of phloroglucinol solution to hydrochloric acid [1]. 
4.4.1. Talent mixing 50 microliters of 3 percent phloroglucinol in ethanol with 25 microliters of hydrochloric acid in a 50-milliliter beaker in the fume hood

4.5. Remove one slide from the hydrating tube and gently blot the glass around the double-sided tape with a low-lint tissue to prevent the stain from flowing off the tape [1]. Place the slide on a small plastic tray [2] and, using a pipette, apply several drops of Wiesner stain over the cross sections [3].
4.5.1. Talent blotting the glass around the double-sided tape on the slide with a low-lint tissue
4.5.2.  Talent placing the slide on a small plastic tray 
4.5.3. Talent pipetting several drops of Wiesner stain over the cross sections

4.6. Set a timer for 12 minutes [1] and cover the slide with aluminum foil to protect it from light [2]. Check the cross sections during staining and reapply the stain as needed to prevent drying and oxidation [3]. After 12 minutes, gently remove excess Wiesner stain with a low-lint tissue [4]. Wash the stained cross sections before mounting to minimize exposure of the microscope objective lens to corrosive hydrochloric acid fumes [5].
4.6.1. Talent setting a timer for 12 minutes 
4.6.2. Talent covering the slide with aluminum foil
4.6.3. Talent checking the cross sections and reapplying Wiesner stain as needed
4.6.4. Talent gently removing excess Wiesner stain from the slide with a low-lint tissue
4.6.5. Talent washing the stained cross-section before mounting

4.7. Apply 1 to 2 drops of 50% glycerol-ultrapure water over each cross section and cover with a 24-by-30-millimeter coverslip of number 1.5 thickness [1]. Proceed immediately to microscopic analysis [2]. Observe the cross sections under brightfield illumination at 10 times, 20 times, and 40 times magnification, and acquire images within 6 to 8 hours, as the staining is time-sensitive and may turn yellow [3].
4.7.1. Talent applying 1 to 2 drops of 50 percent glycerol-ultrapure water over each cross section and placing a 24-millimeter by 30-millimeter coverslip over the sections
4.7.2. Talent placing the slide on the microscopic stage
4.7.3. SCREEN: Cross sections being observed under brightfield illumination at 10 times, 20 times, and 40 times magnification and images being acquired

  Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page:  https://review.jove.com/account/file-uploader?src=22352278 
5. Ruthenium Red Staining for Pectin and Imaging
Demonstrator: Hannah Rusch 
5.1. Before pectin staining, transfer the stored slides from the glycerol-ultrapure water mixture into pre-staining rinse tubes containing the ethanol-ultrapure water solution [1] and store them overnight in a refrigerator [2]. 
5.1.1. Talent transferring both slides into pre-staining rinse tubes containing the ethanol-ultrapure water solution
5.1.2. Talent placing the pre-staining rinse tubes in a refrigerator for overnight storage

5.2. Prepare a 0.02% ruthenium red solution by dissolving 0.02 grams of ruthenium red in 100 milliliters of ultrapure water in a 125-milliliter Erlenmeyer flask wrapped in aluminum foil [1]. Stopper the flask, label it with the solution name, preparation date, and preparer's name [2], and store the prepared solution in a refrigerator until use [3].
5.2.1. Talent dissolving 0.02 grams of ruthenium red in 100 milliliters of ultrapure water in the foil-wrapped 125-milliliter Erlenmeyer flask
5.2.2. Talent stoppering and labeling the flask 
5.2.3. Talent placing the flask labeled flask in a refrigerator

5.3. Remove the slides from the refrigerated ethanol-ultrapure water tubes and transfer the correctly labeled slides into tubes containing 100 % ultrapure water for temporary holding to minimize oxidation [1]. 
5.3.1. Talent removing the slides from the tubes and transferring the correctly labeled slides into tubes containing 100% ultrapure water

5.4. Remove one slide from the ultrapure water with tweezers and blot the water around the tape with a low-lint tissue [1]. Place the slide on a small plastic tray and apply several drops of ruthenium red to evenly cover the cross sections [2]. Cover the slide with aluminum foil, and incubate for 10 minutes [3].
5.4.1. Talent removing 1 slide from the ultrapure water using tweezers and blotting around the tape with a low-lint tissue
5.4.2.  Talent placing the slide on a small plastic tray and applying several drops of ruthenium red over the cross sections
5.4.3. Talent covering the slide with aluminum foil and keeping it aside for 10 minutes

5.5. After staining, gently rinse the slide with ultrapure water for 2 minutes and blot away excess water [1]. Apply 1 to 2 drops of 50% glycerol-ultrapure water over each cross-section and place a coverslip [2]. Proceed to microscopic analysis [3]. Observe the cross sections under brightfield illumination at 10 times, 20 times, and 40 times magnification and acquire images at each required magnification on the same day [4].
5.5.1. Talent rinsing the ruthenium-red-stained slide with ultrapure water for 2 minutes and blotting excess water
5.5.2. Talent applying glycerol-ultrapure water and placing the coverslip
5.5.3. Talent placing the slide on the microscopic stage
5.5.4. SCREEN: Cross sections being observed under brightfield illumination at 10 times, 20 times, and 40 times magnification and images being acquired


 


























Results

6. Results 

6.1. In unincubated stem cross sections, Wiesner staining revealed lignin-associated staining across the stem tissues [1], with mature primary phloem fibers showing distinct fuchsia staining [2]. Higher-magnification images showed the distribution of fuchsia-stained tissues organization above and below the vascular cambium [3]. 
6.1.1. LAB MEDIA: Figure 2A
6.1.2. LAB MEDIA: Figure 2C. Video editor: Please highlight the fuchsia-stained tissue in the PP region
6.1.3. LAB MEDIA: Figure 2D-E. Video editor: Please sequentially highlight the fuchsia-stained regions in the 2D and 2E

6.2. Ruthenium red staining revealed pectin-associated staining in the epidermis [1], collenchyma [2], chlorenchyma [3], secondary phloem [4], and pith [5].  
6.2.1. LAB MEDIA: Figure 3E. Video editor: Please sequentially highlight the red-stained regions labeled Ep
6.2.2. LAB MEDIA: Figure 3E. Video editor: Please sequentially highlight the red-stained regions labeled Co
6.2.3. LAB MEDIA: Figure 3E. Video editor: Please sequentially highlight the red-stained regions labeled Ch
6.2.4. LAB MEDIA: Figure 3E. Video editor: Please sequentially highlight the red-stained regions labeled SP
6.2.5. LAB MEDIA: Figure 3D. Video editor: Please sequentially highlight the red-stained regions labeled Pi
6.3. Ruthenium red staining was also observed in some secondary xylem and mature primary phloem [1], while the xylem vessels remained comparatively unstained [2]. 
6.3.1. LAB MEDIA: Figure 3C. Video editor: Please sequentially highlight the red-stained SX and PP regions
6.3.2. LAB MEDIA: Figure 3B. Video editor: Please highlight the unstained XV region by putting a circle on the region, and  then show the zoomed XV region in Figure 3D

6.4. Wiesner-stained sections showed progressive tissue degradation with increasing incubation time [1]. At zero hours, cells had clear edges [2]. By 8 hours, tissue degradation was evident from blurred cell edges [3]. By 24 hours, xylem vessel structures became more apparent as surrounding tissues degraded [4]. Beyond 24 hours, unstained tissues progressively disappeared and the epidermis collapsed laterally [5].
6.4.1. LAB MEDIA: Figure 4
6.4.2. LAB MEDIA: Figure 4A. Video editor: Please highlight the clearly defined edges around the cells
6.4.3. LAB MEDIA: Figure 4C. Video editor: Please highlight the unstained cells with edges that appear blurred along the right edge compared with panel A
6.4.4. LAB MEDIA: Figure 4D. Video editor: Please highlight the red-stained cells region 
6.4.5. LAB MEDIA: Figure 4E-F. Video editor: Please highlight the thin, transparent outer tissue along the right edge of each image

6.5. Ruthenium red staining showed pectin-associated staining in stem tissues from zero to 96 hours of in vitro exposure to rumen fluid [1]. At 0 to 4 hours, clear edges around all cells indicated that they were intact [2]. By 8 hours, cortical tissues showed loss of structural integrity [3]. At the later points, cortical tissue progressively disappeared, accompanied by epidermal collapse and an overall reduction in ruthenium red-stained tissue [4].
6.5.1. LAB MEDIA: Figure 5
6.5.2. LAB MEDIA: Figure 5A,B. Video editor: Please highlight the clearly defined edges around the cells in the 5 A and B along the right edge
6.5.3. LAB MEDIA: Figure 5C. Video editor: Please highlight the outer region of the stem where the edges around the cells appear blurred along the right edge
6.5.4. LAB MEDIA: Figure 5D-F. Video editor: Please highlight the large, clear/empty area on the right side in 5D, 5E and 5F
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