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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  
No
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 
No
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 
2.1-2.9……
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Dissecting the ovules away from the surrounding tissues while preserving their integrity is the most difficult step; this becomes easier with practice.……
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) 
No


Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to prepare Arabidopsis ovules for  whole-mount hybridization and immunostaining.(Intro)  This is accomplished by first fixing fresh flower buds in a fixative solution. (P1)  The second step is to carefully dissect and embed ovules in miniature acrylamide pads directly on microscopy slides. (P2)  Next, tissue processing enables tissue clarification and permeabilization.(P3)  The final step is to incubate the treated samples with an antibody solution for immunostaining, or a labeled probe for fluorescent in situ hybridization.(P4)  Ultimately, high-resolution confocal imaging, followed by 3-dimensional reconstruction, allows for quantitative analyses in whole-mount at the single cell level.(P5)

 Video editors:
The authors have provided a nice schematic, but please, wherever they have used a white cut out graphic, screen out the white background behind the objects.  This occurs in all their panels.
P1 – show the tube alone first, then add the leaf to the tube several times and make the green appear in the tube.  Then, add the clock to indicate time passes.  The blow up of the tube’s content does not help here, so omit it.
P2 – Now, this is nice.  First animate a leaf leaving the tube from P1 and landing on the slide – beginning of P2.  Then, fade through the five events.  The third event has the pipettor drop solution, followed by the square cover going onto the slide.  You can animate the cover moving on/off. 
P3 – There are three parts to this.  Fade between them.  No animation is needed.
P4 – Fade between the two steps.  In the first step, the solution is applied from the pipette and then the square lid is applied to the slide.
P5 – Animate the left image appearing from the slide with the blow out.  Then fade through the next two images, sequentially.


[image: ]
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. She Wenjing: Though this method was initially employed to provide insight into chromatin organization in the ovule, it can also be applied to analyze other cellular compartments, in other tissues of the plant and probably in other model organisms 

Protocol Chapters (read by a voice talent at JoVE):

2. Tissue Fixation, Dissection and Embedding
2.1. Into microfuge tubes filled with freshly made BVO buffer, chilled on ice, add twenty to thirty carpels per tube.  Set the tubes to rock gently at room temperature for half an hour.
2.1.1. WID: establishing shot of workspace, talent readying tubes to load
2.1.2. MED: loading tubes with cold BVO buffer
2.1.3. [added] MED: collect flowers from the plant, place them on the microscope slide
2.1.4. [added] CU: dissect the carpels from the flowers and place them into the tubes with BVO buffer
2.1.5. MED: tubes secured to a nutator/rocker and it is turned on
2.2. Next, spin down the tubes for one minute at 400 Gs.
2.2.1. MED: loading the tube from rack to microfuge
2.3. Then, carefully aspirate the supernatants, discard them, and add a milliliter of PBT to the carpels.  Place the tubes on ice.
2.3.1. CU: removing supernatant from tube after tube – ejecting supernatant waste
2.3.2. MED: loading tubes with PBS and putting them on ice, in either order
2.4. For each tube of carpels to mount, have prepared, on ice, five tubes containing 200 microliters of freshly made 5% acrylamide mix … five clean Superfrost slides labeled with a pencil … a thawed aliquot of 20% APS, and a thawed aliquot of 20% NaPS.
2.4.1. MED: talent loads tubes with acrylamide mix and puts them on ice
2.4.2. MED: labels slide and places it on ice, next to other four slides
2.4.3. CU: on ice, solutions of 20% APS and 20% NaPS
2.5. From one tube of carpels, take four or five with a cut-end tip and place them each onto one slide.   Remove the excess liquid by pipetting carefully.
2.5.1. MED: removing carpel form tube and laying it on slide
2.5.2. CU: talent adds carpel to a slide and removes excess solution from the slide
2.6. Using fine needles, make longtitudinal cuts in the carpels and take away the carpel walls to release the rows of ovules.  This step will take practice.  Prevent the ovules from drying by adding up to 10 µL of PBS.
2.6.1. ECU: cutting the carpels with needle, removing walls and ovules are realeased. [Here please add a freeze frame showing a picture of dissected ovules CP-a.jpg]
2.6.2. ECU: adding aliquot of PBS to the slide over the released ovules
2.7. Then, to a microfuge tube containing the acrylamide mix, quickly add 12 µL of NaPS and 12 µL of APS.  Mix the solution well with pipetting and quickly add 30 µL of this activated acrylamide mix onto a slide with dissected ovules.
2.7.1. CU MED: adding NaPS and APS to acrylacmide tube 
2.7.2. CU: adding APS to acrylamind tube, then mixing the tube content, with pipette, then drawing up an aliquot
2.7.3. ECU: drawing up an aliquot and ejecting aliquot onto the ovules on the slide
2.8. Gently, place a small coverslip on the preparation and allow the solution to polymerize at room temperature for about an hour.  Prepare each slide in this manner.
2.8.1. CU: setting a coverslip onto the slide
2.8.2. MED: transferring the slide to room temperature location and starting a timer for a one hour period
2.9. Later, use a razor blade to chip off the coverslips. The samples can be stored overnight, at 4 ºC in a coplin jar with PBS, or proceed directly with processing.
2.9.1. WID: talent arrives to slide
2.9.2. CU: picking off the coverslip with a razor blade
2.9.3. [added] MED: putting slide in PBS
2.9.4. ECU: sample on the slide, ready for the next section
3. Tissue Processing
3.1. Generally, processing should be carried out in Coplin jars with 80 ml of solution and under the fume hood.  	
3.1.1. WID: talent setting up Coplin jars with first series of solutions  (listed in next step)
3.1.2. MED CU: loading jar with methanol showing coplin jars, prepared under the fume hood, labeled
3.2. Begin by clarifying the tissues through incubation in a solution series of methanol, ethanol, a 1 to 1 ethanol – xylene solution, and again in ethanol and then methanol.  Each bath is 5 or 30 minutes.  See the text protocol.
3.2.1. CU: Moving slides with flat tip forceps into methanol bath, clearly labeled
3.2.2. MED: moving slides between two baths
3.2.3. MED: moving slides between two different baths 
3.3. Next, use a 1-to-1 methanol-PBT solution with 2.5% formaldehyde for 15 minutes.
3.3.1. MED: making/mixing/pouring bath of 1-to-1 methanol-PBT solution with 2.5% formaldehyde, then adding slides to it
3.4. Then, rinse the tissue in PBT, twice, for 10 minutes per bath.  After this, the slides can be stored overnight at 4 ºC, if necessary.
3.4.1. MED: pouring two PBT baths 
3.4.2. MED WID: moving slides to one of the PBT baths from bath of 1-to-1 methanol-PBT solution with 2.5% formaldehyde putting jar in 4°C refrigerator 
3.5. Next, take up to six slides from the jar and drain off the excess liquid.  Place them onto a tissue paper and quickly add 100 µL of a chilled cell wall digestion enzyme mix onto the pads.  Then, cover the slides with large coverslips. 
3.5.1. CU: lifting the slides form the second PBT bath, draining and tipping slides onto a towel
3.5.2. MED: taking aliquots of chilled enzyme, from tube on ice, and adding them the slides
3.5.3. CU: adding coverslip to slide
3.6. Incubate the slides for two hours at 37 ºC in a moist chamber. 
3.6.1. MED: transferring covered slides to a chamber, kept moist with wet towel
3.7. Wenjing She: It is important to optimize the cell wall digestion time for every new enzymatic solution, because this step is critical for a homogenous staining.
3.7.1. MED/WID: interview with Wenjing at bench
3.8. Later, wash the slides twice with PBT for five minutes per wash.  Then, drain the slides.
3.8.1. MED: moving the slides between two labeled PBT baths
3.8.2. MED: removing slide from second PBT bath and allowing it to drip dry before setting it on a towel, and repeating with next slide
Make the above two shots really nice - they get reused.
3.9. Now, to each slide, add 100 µL of RNAse A, in PBS completed with 1% Tween, and incubate the slides for an hour at 37 ºC in a moist chamber.  (TEXT: 37 ºC, 1 hr)
3.9.1. MED: talent taking aliquots of RNAse A solution and applying it to the slides
3.9.2. MED: loading slides into the humidified chamber then, leaving the bench with the loaded chamber (to put them in the incubator, which can be filmed if it is right there)
3.9.3. [added] MED: putting chamber in 37° incubator
3.10. After the incubation, wash the slides twice with PBT, as before, and then, fix the tissue again by incubating the slides in a bath of freshly made PBT-F for twenty minutes.
3.10.1. Reuse 3.8.1 
3.10.2. MED: pouring PBT-F bath and transferring slides from 2nd PBT bath to the PBT-F bath
3.11. Rinse the PBT-F off with one wash in PBT for 10 minutes, then proceed to tissue permeabilization by incubating the slides in PBS with 2% Tween for two hours at 4 ºC.
3.11.1. MED: loading a new bath with PBT, them moving slides form PBT-F to PBT
3.11.2. MED: pouring 2% Tween bath and moving slides form PBT to 2% Twee
3.12. Use two washes in PBT, each of five minutes, to remove the permeabilization solution.  Then, proceed with immunostaining.
3.12.1. Reuse 3.8.1
3.12.2. Reuse 3.8.2
4. Immunostaining and Imaging
4.1. Begin with incubating the slides in the primary antibody of interest.  Apply 100 µL aliquots of the antibody, diluted in PBS and with 0.2% Tween-20, to each slide.
4.1.1. MED: taking up aliquots of primary antibody mix and applying them to slides
4.1.2. CU: applying aliquot to one of the slides 
4.2. Transfer the slides to a moist chamber and incubate them at 4 ºC for twelve to twenty-four hours.
4.2.1. MED: moving slides into the moist chamber
4.2.2. MED: loading chamber in to refrigerator
4.3. Wash the slides in a bath of PBT for two to four hours with gentle rocking at room temperature. (TEXT: 2 – 4 hrs)
4.3.1. MED: transferring slides from chamber to PBS bath
4.3.2. MED: loading the bath to a room temperature rocker and starting rocking
4.4. Next, add 100 µL of secondary antibody diluted 1:200 in PBS with 0.2% Tween-20, and incubate the slides for twenty-four hours at 4 ºC.
4.4.1. MED: removing slides from bath, showing drip drying any other drying technique
4.4.2. MED: aliquoting 2º antibody from small tube to slides
4.4.3. Reuse 4.2.2
4.5. A one-hour bath in PBT with gentle rocking is sufficient to wash to slides from unbound secondary antibody.  (TEXT: 1 hr)
4.5.1. Reuse 4.3.1
4.5.2. Reuse 4.3.2
4.6. Then, counterstain the DNA with a solution of 10 micrograms per milliliter of propidium iodide in PBS.  Allow the staining to carry on for 15 minutes, and then, wash the slides with PBT using gentle rocking for 15 minutes at room temperature.  (TEXT: 15 min stain; 15 min wash)
4.6.1. Reuse 4.4.1
4.6.2. CU: taking aliquot of propridum idodide, label legible
4.6.3. MED: applying aliquot to slide and repeating for other slides
4.6.4. CU: slides in PBS, on moving rocker, the swirling solution
4.7. Now, mount the slides with an anti-fade medium supplemented with 10 µg per milliliter of propidium iodide.    After letting set for an hour, image the slides on a confocal microscope using a 63X Glycerol immersion lens.
4.7.1. CU: taking an aliquot of mounting medium, labeled as having 10 µg / ml propridium iodide
4.7.2. CU: applying aliquot to a slide, then covering with coverslip
4.7.3. MED: mounting another slide
4.8. Célia Baroux: During image acquisition, it is critical to maintain the same scanning settings between samples and to use a linear detection mode so comparative quantification possible.
4.8.1. MED: talent at bench, giving interview
4.9. Later, reconstruct the serial images into three-dimensional structures.  Segment each nucleus of interest and use 3D image processing software to quantify the signals.
4.9.1. WID: talent sits down at computer and pulls up image processing software
4.9.2. MED: talent looking at and processing 3D-images made using protocol
4.9.3. CU: an artistic shot of the monitor reflecting on a nearby surface (e.g. glasses), while the 3D images are in view on the monitor and talent is manipulating them
5. High-Resolution 3D quantitative imaging in Ovules 
5.1. Using this robust, large-scale preparation protocol, whole-mount ovules will retain their three dimensional structure.
5.1.1. LAB MEDIA: Figure 3
5.2. Subcellular structures become visible with high detail, as seen with chromatin when staining DNA.  Heterochromatin appears as a bright and well-defined foci without the need to apply deconvolution.
5.2.1. LAB MEDIA: Figure 4
5.3. This protocol permits parallel immunostaining with several antibodies in one round.  For example, the euchromatin-associated permissive marker H3K34me3 and the heterochromatin-associated marker H3K27me1, were both detected in one experiment on distinct replicate slides to analyze chromatin dynamics.
5.3.1. LAB MEDIA: Figure 5A
5.4. Another compatible technique is fluorescent in situ hybridization, or FISH.  FISH to 45S rDNA repeats was used to define nuclear organization regions.  The probe was directly labeled with Alexa 488 and the DNA was counterstained.
5.4.1. LAB MEDIA: Figure 6
	
6. Conclusion Interview (spoken by you on camera)
6.1. Wenjing She: For quantification analyses it is very important to test different antibody dilutions and incubation times to identify the conditions giving robust and homogeneous signals, with the lowest possible antibody concentration.
6.2. Célia Baroux: The method achieves excellent preservation of the tissue with optimal permeabilization for single-cell analyses of chromatin organization.  It thus paves the way for scientists in the field of plant cell biology or plant epigenetics to explore the events of nuclear, or sub-cellular organization dynamics at the single-cell level and in their whole-mount context

List of Provided Media Filenames and Descriptions

Schematic Overview.ppt
[bookmark: _GoBack]Figure 3.tif The protocol enables preserving the 3-dimensional structure while allowing optical clarity and homogenous staining.
Figure 4.tif Whole-mount DNA staining by propidium iodide in ovule primodia allows for precise heterochromatin quantification.
Figure 5A.tif Immunostaining of chromatin modifications in young ovule primordia detecting euchromatin (H3K4me3) and heterochromatin (H3K27me1).
Figure 6.tif Whole-mount Fluorescence In-Situ Hybridization in Arabidopsis ovules.


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.
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