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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __N___ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __N__ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

The overall goal of this procedure is to show histochemical staining of Arabidopsis thaliana secondary cell wall elements. (Intro)

This is accomplished by first embedding the plant stem into agarose. (P1)
Editors, please show P1 of Schematic-Fig-v2.ai as this point is narrated.  This can be animated by starting with the plant and then bringing in the dotted lines to the green rectangle, which represents the stem.  Then the agarose (grey part) can be added in around the stem.

Then the agarose embedded stem is decasted and transferred to specimen discs which are then sectioned into stem cross-sections using a vibratome. (P2)
Editors, please show P2 of Schematic-Fig-v2.ai as this point is narrated.  This can be animated by starting with the left-most image and then transitioning to the shorter agarose embedded stems on the black specimen disc.  Finally, transition to the right-most image in P2 (the stem cross-sections).

Next, the sections are subjected to various histochemical staining procedures. (P3)
Editors, please show P3 of Schematic-Fig-v2.ai as this point is narrated.  This can be animated by starting with the stem cross sections from P2 and having them go into the beaker of stain.

Ultimately, microscopy is used to show the differential changes in the elements of the secondary cell wall obtained by the histochemical staining. (P4)
Editors, please show P4 of Schematic-Fig-v2.ai as this point is narrated.  Figure 3 can also be shown here.  

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dominique Loqué:  This method can help answer key questions in the cell wall field, such as morphological changes of particular tissues in plant stems. 
1.1.1. MED:  Dominique speaks toward camera, interview style.
1.2. Prajakta Mitra:  Generally, individuals new to this method will struggle because simple yet critical steps mentioned in the protocols here have not been thoroughly documented or presented in a simplistic manner.
1.2.1. MED:  Prajakta speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Stem embedding
2.1. To begin, prepare a homemade mold for embedding the stems using plastic vials.
2.1.1. Title card.
2.2. First, use a razor blade to cut off the conical bottom of a 2 mL screw-cap microcentrifuge tube; this component is referred to as Part A.  With a syringe needle, puncture a hole in the tube cap slightly larger than the diameter of the stem to be embedded.  Next, cut 0.5 cm off the bottom of a 0.6 mL microcentrifuge tube; this component will be referred to as Part B.
2.2.1. CU:  2 ml screw-cap microcentrifuge tube as talent uses a razor blade to cut off the conical bottom.
2.2.2. MED-over the shoulder:  Microcentrifuge tube as talent uses a syringe needle to puncture a hole in the tube cap slightly larger than the diameter of the stem to be embedded.
2.2.3. CU:  0.6 mL microcentrifuge tube as talent cuts 0.5 cm off the bottom of the tube.  Use ruler if possible to show it is 0.5 cm.
2.3. Add the cut-off 0.5 cm portion of the 0.6 mL microcentrifuge tube into the pre-cut 2 mL microcentrifuge tube.  Seal the two parts using Parafilm.  Using a razor blade, cut a stem section from the area of interest. 
2.3.1. MED:  Talent adds the cut-off 0.5 cm portion of the 0.6 mL microcentrifuge tube into the pre-cut 2 mL microcentrifuge tube.
2.3.2. CU:  Talent seals to the two parts with Parafilm.
2.3.3. MED-over the shoulder:  Talent uses a razor blade to cut a stem section from the area of interest.
2.4. Melt a 7% agarose solution in the microwave at low intensity.  Once the melted agarose cools to about 50C, slowly pipette 5 mL of the agarose into the premade plastic mold to fill the vial.	
2.4.1. MED:  Talent places a 7% agarose solution into the microwave and heats at low intensity.
2.4.2. MED-over the shoulder:  Talent uses a pipette to withdraw 5 mL of the melted agarose.
2.4.3. CU:  Premade plastic mold as talent pipettes the agarose there.
2.5. After the agarose has cooled for 30 to 60 seconds and is a semi-solid, place the stem into the agarose-filled vial.  Then, place the perforated cap in such a way that the tip of the stem is held by the cap.  Leave the vial at room temperature or at 4C for 10 to 30 minutes, until it solidifies. 
2.5.1. MED-over the shoulder:  Talent presses the agarose to show that it is a semi-solid and then talent places the stem there.
2.5.2. CU:  Agarose-filled vial as talent places the perforated cap so that the tip of the step is held by the cap.
2.5.3. MED:  Talent places the vial in the refrigerator.
2.6. Remove the mold by gently sliding it out of the tube.  Open the Parafilm and push the bottom of Part B of the mold gently with a thumb to release the solidified agarose from Part A onto a glass microscope slide. 
2.6.1. CU:  Mold as it is removed from the tube.  Talent opens the Parafilm and pushes the bottom of Part B of the mold gently with the thumb to release the solidified agarose from Part A onto a glass microscope slide.
2.7. Cut the agarose embedded stem into three approximately equal pieces of 1.2 centimeters in length. Cut out the part of the stem that was not in the agarose and discard it. 
2.7.1. MED-over the shoulder:  Talent makes the first cut in order to cut the agarose embedded stem into three approximately equal pieces of 1.2 cm in length.  Continue action in next shot.
2.7.2. CU:  Agarose embedded stem as talent makes the second cut in order to cut the agarose embedded stem into three approximately equal pieces of 1.2 cm in length.  
2.7.3. MED-over the shoulder:  Talent cuts the part of the stem that was not in the agarose and discards it.
3. Stem sectioning
3.1. Make sure the specimen disc is clean and completely dry.  Use soft paper wipes to remove any moisture from the agarose block containing the specimens.  Place a small drop of tissue adhesive on the specimen disc. 
3.1.1. MED:  Talent uses soft paper wipes to remove any moisture from the agarose block containing the specimens.
3.1.2. CU:  Specimen disc as talent places a small drop of adhesive there.
3.2. Quickly place the agarose block so that the specimens are either perpendicular to the plate for transversal cross-sections… or in parallel with the plate for longitudinal cross-sections.  Allow the adhesive to fix the sample to the specimen disc at room temperature or at 4C for 10 to 30 minutes. 
3.2.1. MED-over the shoulder:  Talent motions to place the agarose block so that the specimens are perpendicular to the plate, and then talent turns it so that it is parallel with the plate.  Editors, if possible, try to correlate the narration of “perpendicular” with the first orientation and “parallel” with the second orientation.
3.2.2. MED:  Talent leaves the plate with agarose to fix in the refrigerator.
3.3. Fix the specimen disc in place on the buffer tray or trough.  The block of agarose with the sections should be in parallel with the razor blade.  Fill the buffer tray with distilled water at room temperature until the samples are completely submerged.
3.3.1. CU:  Specimen disc as talent places it on the buffer tray with the sections parallel with the razor blade.
3.3.2. MED-over the shoulder:  Talent fills the buffer tray with distilled water until the samples are completely submerged.
3.4. Cut a razor blade in half and then trim the ends with sturdy scissors so that the blade stays completely flat.  Attach one-half of the precut razor blade onto the knife holder. 
3.4.1. CU:  Razor blade as talent uses sturdy scissors to cut in half and trims the ends.
3.4.2. MED-over the shoulder:  Talent attaches one-half of the precut razor blade onto the knife holder.
3.5. Set the angle on the knife holder to 84, the speed to 0.90 mm per second, and the frequency to 50 Hz.  Cut the sections to 100 µm thickness using continuous mode. 
3.5.1. [split into 2 shots] CU:  Knife holder as talent sets the angle to 84, the speed to 0.90 mm per second, and the frequency to 50 Hz.
3.5.2. ECU:  Sections of agarose as they are cut to 100 µm thickness using continuous mode.
3.6. Collect the sections using a disposable plastic pipette during sectioning in the buffer tray.  Transfer a few sections to the 2.0 mL microcentrifuge tubes. 
3.6.1. MED-over the shoulder:  Talent collects the sections using a disposable plastic pipette during sectioning in the buffer tray.
3.6.2. CU:  2.0 mL microcentrifuge tubes as talent transfers the sections there.
4. Staining Techniques
4.1. For phloroglucinol staining, transfer the stem sections to a microcentrifuge tube.  Add 1 mL of the phloroglucinol solution to the tube and cap it immediately because the HCl in the phloroglucinol stain is highly corrosive.  Gently move the tube to assure that all the sections are stained.
4.1.1. MED:  Talent transfers the stem sections to a microcentrifuge tube.  TEXT overlay:  Phloroglucinol-HCl (Wiesner) staining
4.1.2. CU:  Microcentrifuge tube as talent adds 1 mL of the phloroglucinol solution and caps it immediately.  TEXT overlay:  see text for recipe
4.1.3. MED-over the shoulder:  Talent gently moves the tube around.
4.2. Gently pipette the sections into a cut pipette tip and onto a microscope slide.  Cover the sections with a cover slip.  Observe the sections under bright-field lighting.  The solution dries up in 5 to 10 minutes, causing a deterioration of the specimens.  Therefore, the imaging has to be completed within that period of time.
4.2.1. CU:  Microscope slide/cut pipette tip as talent gently pipettes the sections into a cut pipette tip and onto a microscope slide.
4.2.2. ECU:  Sections as talent covers with a cover slip.
4.2.3. MED:  Talent places the slide onto the microscope and begins to observe under bright-field imaging.
4.3. For Mäule (pronounced as “mall”) staining, transfer the stem sections to a microcentrifuge tube.  Add 1 mL of the 0.5% potassium permanganate solution to the tube containing the sections. 
4.3.1. CU:  Microcentrifuge tube as talent transfers the stem sections there.  TEXT Overlay:  Mäule staining
4.3.2. MED-over the shoulder:  Tube as talent adds 1 mL of the 0.5% potassium permanganate solution to the tube containing the sections.  TEXT overlay:  see text for recipe
4.4. Pipette the 0.5% potassium permanganate solution up and down gently, preferably without disturbing the sections.  After a 2 minute incubation and repeat pipetting, let the microcentrifuge tube stand until all the sections settle down.
4.4.1.  CU or ECU:  Tube as talent pipettes the 0.5% potassium permanganate solution up and down gently without disturbing the sections.
4.4.2. MED-over the shoulder:  Talent leaves the tube to stand after incubation and repeat pipetting.
4.5. Using a 1 mL pipette, draw out 700 µL of 0.5% potassium permanganate solution.  Add 700 µL of distilled water to rinse out the potassium permanganate.  Repeat three to four times, or until the water solution stays clear. 
4.5.1. CU:  Tube as talent uses a 1 mL pipette to draw out 700 µL of 0.5% potassium permanganate solution.  
4.5.2. MED:  Talent pipettes 700 µL of distilled water (from a labeled container) to rinse out the potassium permanganate solution.  Talent proceeds to do this again.
4.6. After discarding the water, quickly add 1 mL of 3% HCl until the deep brown color is discharged from the sections.  This may happen within 3 to 5 minutes or may require two washes of 5 minutes each.  Pipette out all the 3% HCl solution and immediately add 1 mL of concentrated ammonium hydroxide solution before imaging under bright-field lighting.
4.6.1. MED-over the shoulder:  Talent adds 1 mL of 3% HCl to the tube.
4.6.2. ECU:  Sections in tube showing the deep brown color is discharged from the sections.
4.6.3. MED:  Talent removes the 3% HCl solution and immediately adds 1 mL of concentrated ammonium hydroxide solution.
4.7. For Congo red staining, transfer the stem sections to a microcentrifuge tube and add 1 mL of the 0.5% congo red solution.  Gently pipette the 0.5% congo red solution up and down without disturbing the sections before incubating and washing the sections as described in the text protocol. 
4.7.1. CU:  Microcentrifuge as talent transfers the stem sections there.  TEXT overlay:  Congo red staining
4.7.2. MED:  Talent adds 1 mL of the 0.5% congo red solution.  TEXT overlay:  see text for recipe
4.7.3. MED-over the shoulder:  Microcentrifuge tube as talent gently pipettes the 0.5% congo red solution up and down without disturbing the sections.
4.8. Gently pipette the sections into a cut pipette tip and onto a microscope slide, then cover them with coverslip.  Observe the samples on the microscope slide under blue-light excitation using a 560 nm emission filter. 
4.8.1. CU:  Microscope slide as talent gently pipettes the sections into a cut pipette tip and onto the slide and then covers with a coverslip.  
4.8.2. MED-over the shoulder:  Talent observes the samples on the microscope slide under blue-light excitation using a 560 nm emission filter.
4.9. For Calcofluor white staining, transfer the stem sections to a microcentrifuge tube, and add 1 mL of the 0.02% calcofluor white solution. Gently pipette the solution up and down.  
4.9.1. CU:  Microcentrifuge tube as talent transfers the stem sections there and pipettes 1 mL of the 0.02% calcofluor white solution there.  TEXT overlay:  Calcofluor white staining, see text for recipe
4.9.2. MED-over the shoulder:  Talent gently pipettes the 0.02% calcofluor white solution up and down.  
4.10. Proceed to incubate and wash the sections as detailed in the text protocol before observing the sections under UV light.
4.10.1. MED:  Talent rinses the calcofuor white solution out.
4.11. For Toluidine blue O staining, transfer stem sections to a microcentrifuge tube.  Then, add 1 mL of the 0.02% toluidine blue O solution to the tube and gently pipette the solution up and down.  
4.11.1. MED-over the shoulder:  Talent transfers the stem sections to a microcentrifuge tube.  TEXT overlay:  Toluidine blue O staining
4.11.2. CU:  Tube as talent pipettes in 1 mL of the 0.02% toluidine blue O solution and gently pipettes up and down.  TEXT overlay:  Toluidine blue O staining, see text for recipe
4.12. Then incubate and wash the sections as described in the text protocol before observing them under bright-field lighting.
4.12.1. MED:  Talent repeats the wash several times.
5. Results:  Observation of cell wall differences in plant stems using cell wall specific stains
5.1. See the text protocol for details on microscope and camera settings for imaging as well as for the ultraviolet and bright-field imaging procedure.
5.1.1. Title Card.
5.2. The aromatic compounds, including the lignin in the cells, can be visualized by their autofluorescence under UV light.  Xylem and interfascicular fibers showed autofluorescence under UV illumination but not in pith and cortex or epidermis, because lignin, an aromatic polymer, is deposited during secondary cell-wall biosynthesis. 
5.2.1. LAB MEDIA:  Figure 2mod - Editors, please highlight Xy and Fi where they appear as “Xylem and interfascicular fibers showed autofluorescence under UV illumination” is narrated.
5.3. Phloroglucinol stain reacts with cinnamaldehyde end-groups of lignin to give a pink or fuchsia color.  As observed under UV illumination, a fuchsia coloration is observed in xylem and interfascicular fibers, but is absent in pith and cortex or epidermis.  Usually the intensity of the color correlates with the level of lignification in a qualitative manner.
5.3.1. LAB MEDIA:  Figure 3mod - Editors, please highlight Xy and Fi where they appear as “xylem and interfascicular fibers” is narrated.  
5.4. The Mäule stain is specific in detecting the syringyl lignin units in xylem and interfascicular fibers.  Red coloration indicates the presence of syringyl lignin units in the lignin elements.  However, a brighter red coloration is observed in the fibers… when compared to the xylem tissues, which suggests that the fibers contain a higher level of syringyl lignin, whereas the xylem is more enriched in guaiacyl lignin units. 
5.4.1. LAB MEDIA:  Figure 4mod - Editors, please highlight Fi when “fibers” is narrated and Xy when “xylem tissues” is narrated in the first part of the 3rd sentence.
5.5. Stem sections stained with calcofluor white were observed under UV light and revealed that the epidermis, cortex, and pith were stained because all of these tissues contain cellulose as a major polysaccharide polymer in their cell walls.
5.5.1. LAB MEDIA:  Figure 5mod - Editors, please highlight Ep and Pi where they appear as “epidermis” and “pith” are narrated.
5.6. Congo red-stained sections were observed under blue-light excitation and also stained the epidermis, cortex, and pith.  In contrast to calcofluor white, congo red stained polysaccharides better in the xylem and interfascicular fibers and seems less affected by the presence of lignin.  
5.6.1. LAB MEIDA:  Figure 6mod - Editors, please highlight Ep and Pi where they appear as “epidermis” and “pith” are narrated.
5.7. Toluidine blue O is classified as a polychromatic dye because it results in a multi-colored specimen.  Toluidine blue O is a cationic dye that binds to negatively charged groups and generates different colors when the dye binds with different anionic groups in the cell. 
5.7.1. LAB MEIDA:  Figure 7mod 
5.8. Toluidine blue O of stem cross-sections revealed that xylem and interfascicular fibers are lignified since they show a greenish blue or blue coloration, which is in agreement with the UV and Phloroglucinol staining observations.  
5.8.1. LAB MEDIA:  Figure 7Cmod - Editors, please highlight Xy and Fi as “xylem and interfascicular fibers” is narrated.
5.9. In contrast, the pith and cortex and epidermis tissues show greenish blue or blue coloration because, although they are not lignified, they contain some pectin polymers in their cell walls. 
5.9.1. LAB MEDIA:  Figure 7Cmod - Editors, please highlight Pi and Ep where they appear as “pith” and “epidermis” are narrated.

6. Conclusion (said by authors on camera)
6.1. Prajakta Mitra: After watching this video, you should have a good understanding of how to section plant stems and to differentially stain the various tissues in the plant cell wall with different histochemical stains.
6.1.1. MED:  Prajakta speaks toward camera, interview style. 

       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

Schematic-Fig-v2.ai
Figure 2mod - Authors, please remove the A-E labels from figure 2 for the video and replace with the corresponding magnification
Figure 3mod - Authors, please remove the A-E labels from figure 3 for the video and replace with the corresponding magnification.  
Figure 4mod - Authors, please remove the A-E labels from figure 4 for the video and replace with the corresponding magnification.  
Figure 5mod - Authors, please remove the A-E labels from figure 5 for the video and replace with the corresponding magnification.  
Figure 6mod - Authors, please remove the A-E labels from figure 6 for the video and replace with the corresponding magnification.  
Figure 7mod - Authors, please remove the A-E labels from figure 7 for the video and replace with the corresponding magnification.  
Figure 7Cmod - Authors, please provide a separate figure of 7C without the C label and with the magnification present.  


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  
[bookmark: _GoBack]
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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