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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y__(If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope:
1.  Nikon C-LEDS, 
2.  Reichert
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ______4.1-4.3, 4.5, 4.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___4.5, 4.6, 5.2, 5.3
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? 


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE): 

The overall goal of this anatomical cross section preparation is to quantify relative crystalline cellulose accumulation, at the cellular resolution, enabling direct comparisons between the different tissues in the primary Arabidopsis root. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yulia Fridman: This method can help answer key questions in the plant physiology and development field, such as how cell wall composition of a given cell type impinges on whole organ growth.  
1.2. Yulia Fridman:  The main advantage of this technique is that it uses single roots to compare changes in cell wall composition; rather than using high amounts of tissue, which masks cell-type specific effects. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Neta Holland: Generally, individuals new to this method will struggle because it is challenging to obtain well oriented roots during the embedding procedure. Therefore, several blocks should be prepared for sectioning.  

Protocol (read by voice talent at JoVE):

2. Plant Growth and Fixation 
2.1. After sterilizing Arabidopsis seeds according to the text protocol [2.1.1-WIDE], spread the sterile seeds on plates containing 0.8% plant agar in 0.5X MS medium [2.1.2-CU].  With Parafilm, wrap the plates and cover with aluminum foil [2.1.3-CU].
2.1.1. Talent approaches bench and places sterilized seeds down
2.1.2. Film as written
2.1.3. Talent finishes wrapping last plate in Parafilm and begins wrapping plates in aluminum foil
2.2. Store the plates at 4 degrees C for 1-4 days to promote uniform germination [2.2.1-WIDE].  Then transfer the plates to a growth chamber suitable for growing Arabidopsis seedlings, orienting the plates vertically to maintain root growth on top of the agar medium [2.2.2-MED/CU].
2.2.1. Talent places the plates at 4 degrees C
2.2.2. Talent places plants in growth chamber, orienting them in vertical position
2.3. Prepare Richardson solution according to the text protocol [2.3.1-MED/CU - TXT].  Filter through a syringe-driven 0.22 um PVDF filter unit before use [2.3.2-CU].
2.3.1. Talent at bench preparing Richard solution with Borax, Methylene Blue, and Azure lined up on bench next to water places a tube labeled “Richardson solution”. (TEXT; section 2.1 in the protocol) 
2.3.2. Talent pushes plunger on syringe to filter solution
2.4. Next, under a chemical hood, prepare 50 ml of fixative by combining 38 ml of 0.05M Sodium Cacodylate with 2.5 ml of Glutaraldehyde [2.4.1-MED/CU-TXT].
2.4.1. Talent at hood prepares glutaraldehyde with sodium cacodylate labeled and visible too (TEXT: reagents toxic, handle with care)
2.5. Then add 100 ul of Richardson solution to the fixation solution to generate the final fixation solution [2.5.1-CU].
2.5.1. Film as written  
2.6. Use a pre-marked plate [2.6.1-CU].  Then place 2-3 ml of final fixation solution into the wells so that the solution will fully cover the seedlings [2.6.2-CU].
2.6.1. Film as written
2.6.2. Film as written [use take 2]
2.7. Using plastic forceps, carefully transfer up to 10 seedlings to each well [2.7.1-CU].  Use Parafilm to seal the plates [2.7.2-CU] before storing in the dark at 4 degrees C for at least one night and up to one week [2.7.3-WIDE].
2.7.1. Film as written
2.7.2. Film as written
2.7.3. Talent places plates at 4 degrees C; B need another version for 3.4.1 below
3. Dehydration and Infiltration
3.1. To dehydrate the fixed seedlings, use forceps to pick up the plants by their cotyledons and transfer them to the wells of new marked 6-well plates containing increasing concentrations of ethanol [3.1.1-CU] for the times listed here [3.1.2-LM].  
3.1.1. Talent uses forceps to transfer seedlings to wells with ethanol, have labels near wells to show concentrations
3.1.2. LAB MEDIA Table of ethanol concentrations and incubation times (See submissions folder)

3.2. Prepare infiltration medium in a small glass bottle by mixing the contents of 1 bag of historesin kit activator with 50 ml of Basic resin liquid [3.2.1-CU].  Insert a magnet and stir the solution on a stir plate for 20 minutes [3.2.2-MED/CU-TXT].
3.2.1. Talent adds bag of historesin kit activator into basic resin liquid
3.2.2. Talent inserts magnet into solution and places on stir plate and turns on (TEXT:  Infiltration medium may be kept at 4 degrees C for a few weeks)
3.3. Fill the labeled wells of a 6-well plate with 2-3 ml of infiltration medium [3.3.1-CU].  Then when the seedlings are fully dehydrated, use forceps to transfer them from the 95% ethanol solution to the infiltration medium, ensuring that they are fully covered by the medium [3.3.2-CU/ECU].
3.3.1. Film as written
3.3.2. Film as written
3.4. Store the samples at 4 degrees C for at least 4 days to ensure maximum penetration into the plant tissues [3.4.1-WIDE].
3.4.1. Use 2.7.3B here
4. Block Preparation
4.1. To prepare blocks, place small labels pencil marked with the sample name inside each well of the embedding molds [4.1.1-CU].  Prepare embedding medium by adding 1 ml of hardener to 15 ml of infiltration medium [4.1.2-CU-TXT].
4.1.1. Talent places pencil marked labels inside each well of embedding mold (TEXT; refer to text for additional details – section 5 in the protocol)
4.1.2. Film as written; B need another version for 4.4.1 below
4.2. With 200 ul of embedding medium, fill half of each well in the mold [4.2.1-CU] and use an overhead piece of film cut to cover the mold with an extra 1 mm on each side [4.2.2-CU/ECU].
4.2.1. Film as written
4.2.2. Film as written  
4.3. Incubate the molds at room temperature for at least 2 hours to allow partial polymerization [4.3.1-MED/CU-TXT].
4.3.1. Talent finishes covering the molds and walks away (TEXT: do not exceed 5 hours)
4.4. Next, prepare an additional batch of embedding medium [4.4.1-CU] and keep it on ice to avoid polymerization while root tips are being arranged in the mold [4.4.2-MED/CU].
4.4.1. Use 4.1.2B here
4.4.2. Talent places medium on ice   [mis-slated 4.4.1] 
4.5. Add embedding medium into a small plate and place one seedling on top of this medium. Under a dissecting scope [4.5.1-MED], use a scalpel to cut each root tip [4.5.2-SCOPE] then very carefully position it in the mold, about 2-3 mm away from the mold periphery, either vertically for transverse sections [4.5.3-SCOPE/ECU] or horizontally for longitudinal sections [4.5.4-SCOPE/ECU].
4.5.1. Talent sitting at scope looking through eye pieces
4.5.2. Talent cuts a root tip [use take 2]
4.5.3. Talent positions root tip vertically
4.5.4. Talent positions a root tip horizontally; Editor, place this side by side with 4.5.3 when mentioned
4.6. After arranging the tissue, use embedding medium to fill the mold completely [4.6.1-CU] and cover with an overhead film [4.6.2-CU].  Then incubate at room temperature for a minimum of 2 hours [4.6.3-MED/CU].  To dry the blocks, place them in a desiccator with dry silica gel and leave at room temperature overnight [4.6.4-MED/CU].
4.6.1. Film as written
4.6.2. Film as written
4.6.3. Talent finishes covering molds and walks away
4.6.4. Talent places blocks in to desiccator
5. Sectioning and Slide Preparation for Polarized Microscope
5.1. Using a knife maker equipped with a diamond scoring tool, prepare glass knives from glass rods [5.1.1-CU] by cutting the glass rod into a square [5.1.2-SCOPE/ECU] and then cutting the square diagonally to produce two knives [5.1.3-SCOPE/ECU]. Verify that both knives have sharp edges [5.1.4 – SCOPE/ECU].
5.1.1. Talent picks up knife maker and then picks up a glass rod places a glass rod in the knife maker and secures the rod [use take 4]
5.1.2. Film as written [use take 2]
5.1.3. Film as written
5.1.4. Talent picks one of the triangular knives and shows the sharp end to the camera [Please use the beginning and the end of the shot]
5.2. Mount a block into the ultramicrotome holder [5.2.1-CU]. Then with a single edge industrial blade, remove the excess block material up to 1 mm from the root tip to obtain a pyramid shape [5.2.2-ECU]. Section the shaped block into 2-3 um width slices [5.2.3-CU] and transfer the slices to a marked glass slide [5.2.4-ECU]. Then add water droplets on the slices [5.2.5-CU].
5.2.1. Film as written
5.2.2. Talent removes excess block material with visible block material ~1mm past root tip
5.2.2 – continue: final pyramid shape
5.2.3. Talent cuts a few slices
5.2.4. Film as written
5.2.5. Film as written
5.3. Yulia Fridman, For Step 5.2:  It is important to prepare sections that are uniform in width to minimize variability of the analyzed data [5.3.1-INTERVIEW].
5.3.1. Talent recites the above statement looking off camera
5.4. Place the glass slides on a heat block set to low heat [5.4.1-CU-TXT] until the water evaporates [5.4.2-CU/ECU].
5.4.1. Film as written (TEXT: 50 - 60°C)
5.4.2. Shot of slides after water has evaporated
5.5. To prepare slides for viewing under a polarized microscope, dilute Richardson solution to 2% of the original solution [5.5.1-CU] and use about 1 ml to cover the slices [5.5.2-CU].  Then place the samples on the heat block for 5 seconds [5.5.3-CU] and use distilled water to wash them [5.5.4-CU].
5.5.1. Talent dilutes Richardson solution
5.5.2. Film as written [use take 2]
5.5.3. [combined with 5.5.2] Talent places slides on block, waits 5 seconds, and then removes them 
5.5.4. Film as written  
5.6. After drying the slides on a hot plate [5.6.1-CU], observe the slices under a dissecting microscope [5.6.2-SCOPE] and use a marker to mark the back of the slide to indicate the position of the slices of interest [5.6.3-ECU].  
5.6.1. Talent removes slides from hot plate places wet slides to dry on the heat block
5.6.2. Field of view of a slice under the scope [use take 2]
5.6.3. Film as written
5.7. Add 100 ul of mounting medium before covering with a coverslip [5.7.1-ECU].  Image and analyze according to the text protocol [5.7.2-MED OVER SHOULDER].
5.7.1. Talent adds mounting medium and then coverslip to a slide [use take 3]
5.7.2.  Talent at computer analyzing images
6. Results:  Cell-type Specific Responses to Brassinosteroids in the Arabidopsis Root System
6.1. Shown here is a cross section of the Arabidopsis primary root with radial organization of its constituent cells and tissues, including non-hair cells, hair cells, and cortex [6.1.1-LM]. 
6.1.1. LAB MEDIA Figure 2A, Editor, add in the N, H, and C for non-hair cells, hair cells, and cortex, respectively, when mentioned.
6.2. This confocal image shows BRI1-GFP expression in non-hair cells in the bri1 mutant background, which inhibits the unidirectional expansion of neighboring cells and whole root growth [6.2.1-LM].
6.2.1. LAB MEDIA Figure 2B
6.3. As seen here, longitudinal sections of the roots obtained from wild type and from lines expressing BRI1 in non-hair cells displayed a similar orientation of cellulose microfibrils with a high variability of angles present in meristematic cells as compared to cells in the transition zone [6.3.1-LM].
6.3.1. LAB MEDIA Figure 2C, D, for the high variability of angles present in meristematic cells compared to transition zone, point out the MZ columns in panel D for meristematic cells and then the TZ columns for the transition zone cells.
6.4. This enables comparison of the relative accumulation of crystalline cellulose in the corresponding meristematic and elongating cells of the two genetic backgrounds, as shown here in cross sections; and reveals a correlation between BRI1 expression in non-hair cells and high local accumulation of crystalline cellulose [6.4.1-LM].
6.4.1. LAB MEDIA Figure 2E, F Editor, point out that the top panels are wild type and the bottom panels are BRI1 for the two genetic backgrounds.


7. Conclusion (said by authors on camera)

7.1. [bookmark: _GoBack]Neta Holland: Once mastered, a single block sectioning can be done in 2-3 hours if it is performed properly.
7.2. Yulia Fridman: While attempting this procedure, it’s important to remember that the accumulation of crystalline cellulose is comparable among cells if they have similar orientation of the cellulose microfibrils, as determined by the longitudinal sections.
7.3. Yulia Fridman: After watching this video, you should have a good understanding of how to fix Arabidopsis seedlings and embed them in blocks and how to then prepare longitudinal and transverse root cross sections.
7.4. Yulia Fridman:  You should also have a good insight into the data that can be obtained from using polarized light microscopy.


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.
6.1. – Figure_2A.tiff – light microscope root section
6.2. – Figure_2B.tiff – confocal root section
6.3. – Figure_2CD.tiff – longitudinal sections and microfibril angle quantification
6.4. – Figure_2EF.tiff – polscope cross sections


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.  

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 are included in the email accompanying the finalized script.
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