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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____NO_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____YES___ 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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 2.1, 2.2, 2.4, 2.5, 2.6, 3.2, 4.13, 3.6 - 3.9 

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 to be filmed by their protocol numbers. (Please do not list an entire section.) ___3.6 - 3.9

E.  Will the filming need to take place in multiple locations? (Y/N) __Y__ If yes, how far apart are the locations? _two rooms four floors apart in the same building___ 



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 protocol for LAM (“L-A-M”) is to isolate specific plant cells for the generation of high integrity RNA for transcriptional analysis.  The focus is on inaccessible cells like egg cells in sexual and apomictic Boechera (“Böchera”) species.    Text: LAM: laser-assisted microdissection  (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ana Marcela Florez Rueda: This method can help answer key questions in the field of plant developmental genetics, such as the transcriptional basis underlying sexual and asexual plant reproduction through seeds. 
1.2. [combined with 1.1] Ana Marcela Florez Rueda: The main advantage of this technique is that cell type specific studies can be performed, overcoming the effect of masking transcriptomes of rare cell types in the analysis of heterogenous tissues.   


Protocol (read by voice talent at JoVE):
2. Tissue embedding, thin sectioning, and mounting for LAM
2.1. To begin this procedure, using the blocking station, fill a pre-warmed fresh plastic balancing tray with melted paraffin wax at 56 °C [2.1.1-MED-over the shoulder].  Lift the lid of the paraffin bath, and pick up one cassette at a time [2.1.2-MED-over the shoulder]. Transfer a sample to the 56 °C liquid paraffin wax in a balancing tray.  Proceed quickly to avoid any wax hardening around the sample while handling the cassette [2.1.3-CU].
2.1.1. *Film as written
2.1.2. *Film as written (picking up a cassette)
2.1.3. CU the sample when it is being transferred (quick transfer and avoidance of wax hardening)
2.2. Then, position the sample according to the experimental design using a preparation needle [2.2.1-MED-over the shoulder]. Repeat the procedure until all the samples are transferred [2.2.2-MED-over the shoulder].
2.2.1. *Film as written
2.2.2. Talent places the last sample in the tray
2.3. To prepare thin sections for LAM, on a lighted table, remove the paraffin wax with a sample from the plastic tray [2.3.1-MED-over the shoulder]. Dissect out a wax block containing the sample, such as a bud or flower, using an RNAse-free razor blade [2.3.2-CU]. 
2.3.1. *Film as written
2.3.2. CU the wax block as it is dissected out with the sample oriented at the top of the wax block
2.4. Next, melt a small droplet of paraffin wax on the tip of a spatula [2.4.1-MED-over the shoulder], and use the hot wax to fix the block with embedded sample on the support [2.4.2-CU].  Remove the extra wax surrounding the sample with a razor blade and make sure the block has a square surface with parallel edges [2.4.3-CU].
2.4.1. *Film as written
2.4.2. *Film as written
2.4.3. *Film as written
2.5. Then, set the heating plate to 42 °C [2.5.1-MED-over the shoulder].  Safely mount the sample to the microtome [2.5.2-MED-over the shoulder]. Prepare 7 µm thick sections for the cells of Boechera mature gametophyte [2.5.3-CU].  Afterward, transfer the 10-15 cm long paraffin ribbons to a plastic box with black cardboard at the bottom before positioning them on the LAM slides [2.5.4-MED-over the shoulder]. 
2.5.1. *Film as written
2.5.2. [added] Mounting of the sample to the microtome
2.5.3. CU the sample as it is being sectioned 
2.5.4. *Film as written 
2.6. To prepare the slides for LAM, place 5-10 metal-framed slides on the heating plate with the flat surfaces facing up [2.6.1-MED-over the shoulder].  Pipet 1-2 ml of RNAse-free water on the plastic part of the slides [2.6.2-MED-over the shoulder].  Using a razor blade, cut the paraffin ribbons in short pieces of about 4-5 cm, long enough to span the plastic windows of the slides [2.6.3-CU]. 
2.6.1. *Film as written
2.6.2. *Film as written
2.6.3. *Film as written
2.7. Then, use a pair of tweezers and a preparation needle to place the paraffin strips parallel to each other on the plastic window of the slides [2.7.1-CU; 2.7.2.-CU].  Carefully lift the slides at one end to remove the water and place them back [2.7.3-CU]. 
2.7.1. *Film as written
2.7.2. [split shot] *Film as written
2.7.3. *Film as written
2.8. Cover the heating plate with a plastic lid without touching the slides and ensure that the plastic lid allows air exchange [2.8.1-MED-over the shoulder]. After that, dry the slides on a heating plate at 42 °C overnight.
2.8.1. Talent places the slides on the heating plate
2.8.2. [now 2.8.1] Talent places the lid on a pipet box and covers the heating plate
2.9. Under a chemical hood, de-wax the slides in Xylol 2 times for 10 minutes each time [2.9.1-MED-over the shoulder].  Make sure to submerge only the plastic part of the slides and keep the broader end of the metal frame of each slide dry for removal [2.9.2-CU].  Allow the slides to dry for 10 min in the chemical hood prior to LAM [2.9.3-CU].
2.9.1. Talent places the slides in Xylol in the chemical hood
2.9.2. CU a slide as the plastic part is submerged
2.9.3. CU the slides when they are left to be dried in the chemical hood

3. LAM 
3.1. In this procedure, turn on the computer and the microscope for LAM [3.1.1-MED].  Then, start the program steering the microscope and laser [3.1.2-MED-over the shoulder].  Turn on the laser control box and switch on the laser by pressing the corresponding button on the control box [3.1.3-MED-over the shoulder].
3.1.1. *Film as written (turning on computer and microscope control box)
3.1.2. Talent starts the program on the computer monitor
3.1.3. *Film as written (turning on the laser control box and the laser by pressing the button)
3.2. Next, place a cap into the cap holder [3.2.1-MED-over the shoulder].  Place the LAM slide on a glass slide for microscopy and ensure that the flat surface of the slide with the tissue attached faces the glass slide [3.2.3-CU].  Then, place the slide in the instrument with the glass slide underneath [3.2.4-CU]. At last, position the cap holder with the cap in the instrument [3.2.5].
3.2.1. *Film as written (placing cap in the cap holder)
3.2.2. *Film as written (positioning in the instrument, replaced by 3.2.5)
3.2.3. *Film as written
3.2.4. *Film as written
3.2.5. [added] *Film as written
3.3. Select the 4x Objective [3.3.1-MED-over the shoulder].  In the program, move the cap in the “up” position [3.3.2-SCREEN].  Afterward, make a scan of the slide [3.3.3-SCREEN].
3.3.1. *Film as written
3.3.2. To be submitted by authors. A screen movie to show the procedure as described above
3.3.3. To be submitted by authors. A screen movie to show the procedure as described above
3.4. Search through the slide and identify the structures of interest [3.4.1-SCREEN].  Pinpoint and save their positions on the slide to allow returning to the exact position for the cutting step [3.4.2-SCREEN].
3.4.1. To be submitted by authors. A screen movie to show the procedure as described above
3.4.2. To be submitted by authors. A screen movie to show the procedure as described above
3.5. Then, select an appropriate objective [3.5.1-SCREEN-TXT].  Verify the laser position by pressing the “laser shot” button once, ideally in a part of the membrane without tissue [3.5.2-SCREEN]. 
3.5.1. To be submitted by authors. A screen movie to show the change of magnification of the image.  Text: 40x or 60x objective
3.5.2. To be submitted by authors. A screen movie to show the procedure as described above 
3.6. With the cap in the "down" position, use the "hand-pen" tool to mark the borders of the cell type or tissue of interest, for example, the egg cell [3.6.1-SCREEN].  Dissect it with the laser by pressing "cut" [3.6.2-SCREEN]. 
[bookmark: _GoBack]For 3.6.1 and 3.6.2 there is three alternatives to chose from. Please note that they are couples with 3.6.1.1 belonging to 3.6.2.1 and so on. Our prefrence would be either 3.6.1.2 or 3.6.1.3 and the corresponding 3.6.2.2 and 3.6.2.3.
3.6.1. To be submitted by authors. A screen movie to show the procedure as described above
3.6.2. To be submitted by authors. A screen movie to show the procedure as described above
3.7. Ana Marcela Florez Rueda:  In order to isolate individual cells, it is critical to clearly identify them in the dry thin sections [3.7.1-MED]. Also, the cells should have a diameter of at least 8 µm to make a cell type specific transcriptome analysis feasible [3.7.1- LM MED].
3.7.1. *Film as written Screen will be submitted by the authors
3.7.2. To be submitted by authors. Authors, please submit an image of the cells that have a diameter of at least 8 µm
3.8. Please note that sectioning needs to be repeated if the border around the cell has not been entirely dissected, which can typically be seen on the screen [3.8.1-SCREEN]. In this case, it is recommended to set the software to automatically run two repeats of the section as a standard [3.8.2-SCREEN].
3.8.1. To be submitted by authors. A screen movie to show the border around the cell is not entirely dissected
3.8.2. To be submitted by authors. A screen movie to show the procedure as described above
3.9. After that, lift the cap and move to the next saved position with the structure of interest and dissect the next cell section until all the cells of interest from one slide are collected [3.9.1-SCREEN]. Make sure the cap is positioned in a way that the new section sticks to an empty position on the cap [3.9.2-SCREEN].  
3.9.1. To be submitted by authors. A screen movie to show the moving to the next saved position with the structure of interest and dissect the next cell section 
3.9.2. To be submitted by authors. A screen movie to show that the new section sticks to an empty position on the cap
3.10. After the cell types of interest from all the slides have been isolated, remove the slide from the instrument [3.10.1-MED-over the shoulder].   Place the cap holder in the "down" position and visually inspect the cap surface, and use the 4x objective to exclude unspecific contaminations of the sample [3.10.2- MED-over the shoulder SCREEN]. 
3.10.1. To be submitted by authors. A screen movie to show that the cap surface is being inspected Talent removing the slide from the instrument
3.10.2. Talent removing the slide from the instrument To be submitted by authors. A screen movie to show that the cap surface is being inspected
3.10.3. Talent places the cap holder in "down" position and looks at the sample on the computer screen
3.11. Then, close the cap [3.11.1-MED-over the shoulder] and freeze the dry sections at -80 °C until further use [3.11.2-MED-TXT]. 
3.11.1. *Film as written
3.11.2. Talent places the dry sections in the freezer. Text: Samples can be stored for up to several weeks

4. Results: Identification of genes expressed only in the apomictic egg cell 
4.1. Here is a schematic drawing of the mature female gametophyte [4.1.1-LM-TXT].  These are the thin sections through ovules harboring female gametophytes in Boechera divaricarpa, in which egg cells are clearly identifiable due to the characteristic morphology of the female gametophyte [4.1.2-LM].
4.1.1. Fig2A.tiff: Show figure 2A. Text: Polygonum type
4.1.2. Fig2BC.tiff: Add figures B & C
4.2. Similar RNA quality was obtained as analyzed from the egg cell sections [4.2.1-LM] compared to the larger tissue areas harvested from the same slides as controls [4.2.2-LM].
4.2.1. Fig4A.tiff: Show figure 4A
4.2.2. Fig4B.tiff: Add figure 4B
4.3. The RNA quality achieved was suitable for cell type-specific RNA-Seq, leading to the identification of 236 genes expressed in the apomictic egg cell but not in the apomictic central cell, synergid cell, or apomictic initial cell, nor in the cells or the mature sexual gametophyte of Arabidopsis thaliana [4.3.1-LM].
“Sequencing”?  And “of”?  

4.3.1. Figure 5.tif: Show figure



5. Conclusion (said by authors on camera)
5.1. Ana Marcela Florez Rueda: Following this procedure, other cell and tissue types from different species can be profiled in order to answer additional questions of developmental genetics, such as the molecular basis of imprinting in the endosperm and embryos of plant seeds.
5.2. Ana Marcela Florez Rueda: After its development, this technique paved the way for researchers in the field of developmental genetics and plant reproduction to explore the transcriptional basis of apomictic reproduction in the genus Boechera. 
5.3. Ana Marcela Florez Rueda: After watching this video, you should have a good understanding of how to obtain good quality RNA for cell type specific transcriptome analysis using laser-assisted microdissection.
Comment: All three parts were filmed in 5.1. The second part of 5.1. is also provided separately.
   

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.


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.
 2013, Journal of Visualized Experiments

