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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20387163

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 07/01/2024


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

Current Protocol Length

Number of Steps:  19
Number of Shots:  45 

Interviews 
1. [bookmark: _Hlk138956231]Video 1: Author Spotlight: Innovative Approaches to Understanding Plant Structure-Function Relationships for Climate-Resilient Crops


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Tiina Tosens: Our research focuses on plant structure-function relationships. We aim to better understand the limitations to photosynthesis across plant functional types and how they can be improved for climate-resilient crops.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What are the current experimental challenges?
1.2. Jesamine Rikisahedew: New technology and software are expensive and often inaccessible, which requires a degree of trial and innovation to accomplish the same resolutions in imaging different plant functional types.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


What research gap are you addressing with your protocol?
1.3. Riccardo Scodeller: The identification of anatomical structures that differentiate C3 and C4 leaves, particularly in Triticum aestivum and Zea mays, as well as troubleshooting the preparative steps for microscopy.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




Protocol Videos 
2. Video 2: Preparation and Imaging of Free-Hand Leaf Sections for Assessing the Anatomical Differences Between C3 and C4 Leaf
Demonstrators: Jesamine Rikisahedew and Riccardo Scodeller
Protocol
2.1. To begin, select wheat and maize as representative C3 and C4 plants, respectively [1]. Grow both plant species from seeds in an environment-controlled growth chamber [2].
2.1.1. WIDE: Talent at the working bench with wheat and maize seeds placed in front of him.  NO SEEDS AVAILABLE.
2.1.2. Talent shows the plant growing in an environment-controlled growth chamber.


2.2. Select three mature, non-senescent leaves from each plant [1] and keep them in distilled water [2]. Using a new single-sided razor blade, make one leveling cut to form a right angle with the leaf surface [3].
2.2.1. Shot of three mature leaves from each plantT. aestivum. 
2.2.2. Talent places the leaves in the distilled water.
2.2.3. Talent making a cut on the leaf with a razor blade.  INCLUDED IN 2.3.2.TXT: Ensure the sections are transverse cross-sections perpendicular to the leaf surface

2.3. Then, place the leaf specimen on a glass plate on a piece of dental wax to stabilize the sample and avoid slipping [1]. Move the blade straight down on the leaf specimen to cut cleanly through cells [2] and keep the cross-sections in distilled water [3].
2.3.1. Talent places the leaf specimen on a glass plate with dental wax. TXT: Ensure the sections are transverse cross-sections perpendicular to the leaf surface
2.3.2. Talent cutting the leaf specimen with a blade.
2.3.3. Talent places the cross-section in distilled water.

2.4. To mount the samples on a glass slide, place them on a water droplet [1] and cover them with a glass coverslip for microscopic imaging [2-TXT].
2.4.1. Talent places the sample on a water droplet on a glass slide.
2.4.2.  Talent covering the samples with a glass coverslip. TXT: Avoid trapping air bubbles

2.5. Now, view the slide under a compound light microscope at 10x (Axe) and 20x magnification [1]. Save images as per the software guide, along with the relevant scale [2].
2.5.1. SCREEN: OBS DOES NOT WORK ON THIS VERSION OF WINDOWS. The slide is being viewed under a microscope at 10x and 20x magnification.
[bookmark: _Hlk151372372]Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20387163
2.5.2. SCREEN: OBS DOES NOT WORK ON THIS VERSION OF WINDOWS. The images are being saved with the scale.
Representative Results
2.6. Free-hand sections of leaves from the C3 plant Triticum aestivum and the C4 plant Zea mays [1] revealed that maize's bundle sheath cells are rounder and greener, indicating a higher chloroplast presence [2]. 
2.6.1. LAB MEDIA: Figure 2
2.6.2. LAB MEDIA: Figure 2 Video editor: Please highlight Figure 2B


3. Video 3: Preparation of Semi-Thin Leaf Sections to Understand Photosynthesis Efficiency Based on Anatomical Differences
Demonstrators: Jesamine Rikisahedew and Riccardo Scodeller
Protocol

3.1. Begin by cutting sections from intercostal areas alongside the midrib of leaves from both Zea mays and Triticum aestivum on a glass plate [1-TXT]. Ensure that the length of the cut section runs along the grain of the leaf [2].
3.1.1. WIDE: Talent cutting 3 mm x 5 mm sections from leaf of Zea mays. TXT: Section size: 3 mm x 5 mm
3.1.2. Talent shows the alignment of the cut section with the grain of the leaf. INCLUDED IN 3.1.1.

3.2. Then, place the plant material in a syringe with 1 milliliter of fixation buffer [1]. Hold the syringe vertically, remove the air [2], and pump the syringe to create a vacuum, holding a finger on the tip [3-TXT].
3.2.1. Talent placing plant material in a syringe with fixation buffer.
3.2.2. Talent holding the syringe vertically and removing air.
3.2.3. Talent pumping the syringe with a finger on the tip to create a vacuum. TXT: Repeat until the samples lie at the bottom of the syringe

3.3. Now, cover the cavities of a flat embedding mold with 100% resin [1] and place the samples on one end of the cavity [2]. Prepare pencil-written paper labels for each sample [3] and place them on the other end of the cavity [4].
3.3.1. Talent covering mold cavities with 100% resin.
3.3.2. Talent placing the sample on one end of the cavity.
3.3.3. Talent writing the paper label.
3.3.4. Talent placing paper label on the other end of the cavity.

3.4. Completely fill all the cavities with 100% resin and straighten the samples and labels if they moved [1]. Cover the mold with the embedding film [2] and polymerize in an oven as per acrylic resin product guidelines [3].
3.4.1. Talent filling cavities with resin and straightening samples and labels.
3.4.2. Talent places the embedding film over the mold.
3.4.3. Talent places the mold in an oven.

3.5. Then, set the polymerized block with the sample in the ultramicrotome's specimen holder [1]. Using a rough glass knife, trim the block until the tissue becomes visible and excess resin is eliminated [2].
3.5.1. Talent fixing the polymerized block in the specimen holder.
3.5.2. Talent trimming the block with a rough glass knife.

3.6. Next, using a glass or diamond knife, cut semi-thin sections transversely [1]. With a metal inoculation loop, collect the sections from the water surface and place them on a glass slide [2]. Dry the slide on a hot plate to fix the sections onto the glass [3].
3.6.1. Talent cutting semi-thin section with a glass or diamond knife.
3.6.2. Talent collecting section with a metal inoculation loop and placing it on a glass slide.
3.6.3. Talent places the slide on a hot plate.

3.7. Stain the fixed sections with toluidine blue for 5 seconds [1] before rinsing with distilled water [2-TXT].
3.7.1. Talent places the section in toluidine blue. TXT: Rinse and allow the sections to dry on the hot plate
3.7.2. Talent places the section in distilled water. TXT: Allow the sections to dry on the hot plate
[bookmark: _Hlk166703561]Representative Results
3.8. Semi-thin cross-sections of Triticum aestivum and Zea mays showed that all leaf tissues were visible and measurable [1]. Zea mays exhibited Kranz anatomy, with mesophyll cells around veins and chloroplast-filled bundle sheaths, facilitating rapid metabolite exchange [2].
3.8.1. [bookmark: _Hlk166702993]LAB MEDIA: Figure 3
3.8.2. LAB MEDIA: Figure 3   Video editor: Please highlight Figure 3B

4. Video 4:  Imaging Resin-Infiltrated Leaf Sections for Understanding Anatomical Difference Between Triticum aestivum and Zea mays
Demonstrators: Jesamine Rikisahedew and Riccardo Scodeller
Protocol
4.1. After staining the leaf section with toluidine blue, load the transparent channel [1] and place the slide on the microscope stage [2]. Using a 40x objective magnification, focus on the section and adjust the brightness to ensure all cell structures are visible [3].
4.1.1. [bookmark: _GoBack]WIDE: Talent loading the Transparent channel.
4.1.2. Talent places the slide on the microscope stage,
4.1.3. SCREEN: The section is being focused at 40x magnification, and brightness is being adjusted.

4.2. Then, use the navigator function to set the section's location area to ensure the entire section is imaged, then click the Stitch button [1]. After that, click Done and Start to allow the microscope to image the entire section [2]. Open the image analysis software and the tiles taken by the microscope [3].
4.2.1. SCREEN: The section's location area is being set using the Navigator function, and the Stitch button is being clicked.
4.2.2. SCREEN: Done and Start is being clicked, microscope imaging the section. 
4.2.3. SCREEN: Image analysis software is being opened, tiles are being loaded.

4.3. Using the Align feature, ensure that the tiles do not overlap [1]. After generating the image, adjust the positioning, brightness, and rotation using the Adjust tab [2]. Then, print the scale on the image before saving it in .TIF (Tif) format [3].
4.3.1. SCREEN: Align feature is being used to align tiles.
4.3.2. SCREEN: Adjust tab is being used and positioning, brightness, and rotation of the image is being set.
4.3.3. SCREEN: The Scale is being printed on the image; image is being saved in .TIF format.
Anatomical Measurements using ImageJ Software
4.4. Open ImageJ software and drag the image into the window to load it [1].
4.4.1. SCREEN: to be uploaded by the authors: ImageJ software open, image being dragged into the window.

4.5. Using the Line tool, draw a line over the scale bar, choose Analyze, and click Set Scale. Change the known distance to the scale bar's length and the unit of length to the correct unit [1].
4.5.1. SCREEN: A line is being drawn over the scale bar. Analyze and Set Scale is being clicked. The known distance is being changed to the scale bar length and unit of length changed.

4.6. To measure the prospective trait, select the Line Tool, draw a line across the area of interest, and press the M key [1].
4.6.1. SCREEN: Line Tool is being selected, a line is being drawn across the area of interest and M key is being pressed.

4.7. For area measurements, use the Polygon Selection Tool to outline the tissue of interest, then press the M key to conclude [1]. A pop-up window displaying the measurements will appear, which can be copied to a spreadsheet for further data analysis [2].
4.7.1. SCREEN: Polygon Selection Tool is being selected and a polygon is being drawn around the tissue of interest, **M** key pressed.
4.7.2. SCREEN: A pop-up window with measurements is being shown, and data is being copied to a spreadsheet.
Representative Results
4.8. Box plots illustrated significant anatomical differences between Triticum aestivum and Zea mays, particularly in interveinal distances [1], bundle sheath diameter [2], the fraction of bundle sheath cells, non-photosynthetic material, and vein frequency, reflecting expected C3 and C4 leaf anatomy distinctions [3].
4.8.1. LAB MEDIA: Figure 4 Video editor: Please highlight Figures 4A and B
4.8.2. LAB MEDIA: Figure 4 Video editor: Please highlight Figure 4C
4.8.3. LAB MEDIA: Figure 4 Video editor: Please highlight figure 4E, F, G and H
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