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A.	i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) __Y 
	ii) Can you can record video of the microscope’s field of view using your own camera? (Y/N) __Y
	iii) Is the microscope’s field of view shown on a computer? (Y/N) __Y 
	vi) Please list make and model of your microscope(s): Olympus FV1000 MPE____
B.	Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) ___Y__ 
	(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?  Our protocol will provide the detail setup for hypocotyl HPTS loading assay.
D.	What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Transferring vertically grown hypocotyl from one plate to another without any damage and keeping the hook direction in same position. To avoid any damage we use toothpick and gently lift the hypocotyl from junction of root and hypocotyl.
E.	i) Will the filming need to take place in multiple locations? (Y/N) __N_ All the equipments and labs are in same building and same floor. 


1. Introduction (Experimental Goal and Author Interviews) 

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

The overall goal of this procedure is to screen the genes involved in callose-mediated plasmodesmal gating during tropic response. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ritesh Kumar: This method can help answer key questions in the plant developmental biology field, such as which unknown genes control cell-to-cell signaling by plasmodesmata during tropic response.
1.2. Shu Wei Wu: The main advantage of this technique is that it is simple, versatile and rapid.
1.3. Dhinesh Kumar: Generally, individuals new to this method will struggle because the handling of the Arabidopsis etiolated hypocotyls without any damage during the whole process is challenging. 
1.4. Arya Bagus Boedi Iswanto: We first had the idea for this method when we were establishing the role of AtGSL8, a glucan synthase, in plasmodesmal gating. 
1.5. Prof. Jae-Yean Kim: Visual demonstration of this method is critical as the procedures mentioned earlier have not explained the critical steps which are difficult to execute, because they need special setup and handling.

Protocol (read by voice talent at JoVE):
2. Screening for Altered Phototropic or Gravitropic Responses
2.1. Prepare Murashige and Skoog, or MS, medium, one day before the experiment. [2.1.1-WID] Autoclave it and fill 125-mm square plates with 50 mL of media per plate. [2.1.2-MED]
2.1.1. named 2.1 by mistake Arriving to hood with autoclaved media, setting up plates
2.1.2. Pouring plates
2.2. The next day, dot seeds that have been sterilized with 1.1% sodium hypochlorite on semi-dried plates. [2.2.1-MED/TEXT] From a 1-ml micropipette tip dot seeds with 200 µl of water. [2.2.2-CU]
2.2.1. Several seeds being dotted, TEXT: See the text protocol for details on sterilizing seeds.
2.2.2. Close up to show volume of solution the is transferred with dotted seeds, show several being dotted
2.3. Arrange the seeds in five rows, 1.8 cm apart, with the seeds 10 mm apart in the rows.  [CU]
2.3.1. Arranging seeds on a plate as described
2.4. Let some of the water evaporate before covering and sealing the plates with surgical tape. [CU]
2.4.1. Show the plate surface after enough water has evaporated.
2.4.2.  [split shot] Then talent seals it with tape
2.5. Then wrap the plates in foil and place them within a box. Incubate the box at 4 ºC for 3 days. [MED/TEXT]
2.5.1.  By mistake named 2.5 Wrapping plates with foil, them moving to box, TEXT: 4 ºC, 3 days
2.6. After 3 days of cold treatment, transfer the box of seeds to 22 °C for 3 days. [WID]
2.6.1.a Following shot, moving seed box from 4 ºC.
2.6.1.b  Keep the box in 22 ºC growth chamber.
2.7. After 3 more days, in a dark room check the germination status of the seeds under green light. [2.7.1-WID] Usually, 3-day-old Col-0 etiolated seedlings grow up to 1.6 cm in length. [2.7.2-CU]
2.7.1. Unpacking plates from box and foil under green light in dark room
2.7.2. Under green light, growth of seedlings
2.8. Under the green light, analyze the altered phototropic and gravitropic response. [2.8.1-ECU] Using a sterilized pick, select similarly sized seedlings with straight, vertical growth. [2.8.2-CU]  Gently lift the seedlings from the lowest part of their hypocotyl without touching any other parts. [2.8.3-ECU] 
2.8.1. Detail of growth patterns seen by different seeds
2.8.2. Selecting seed with sterilized pick
2.8.3. Detail of proper picking technique
2.9. Then, carefully transfer the selected seedlings to a fresh MS agar plate.  [MED]
2.9.1. Placing picked seedling on new plate
2.10. On the new plate, orient the seedlings’ hooks in the same way.  [ECU]
2.10.1. Orienting seedlings on the new plate
2.11. Select at least 20 seedlings of each genetic background to make each row [2.11.1-CU] and make a duplicate of every plate.  Each plate contains two genotypes in two rows. [2.11.2-CU]
2.11.1. Covering new plate with four two rows and labeling each row with different identifying mark
2.11.2. Loading another new plate with seedlings, forming four two rows
2.12. To check the phototropic response, position the plates in a black box so the seedlings are oriented vertically.  [CU]
2.12.1. Film as written
2.13. Leave one side of the box open to the edge of the plates. [CU]
2.13.1. Talent shows how the open side of the box is to the edge of the plates
2.14. Then, incubate the box in a plant growth chamber with unilateral white light. [WID]
2.14.1. Loading plate into lit up growth chamber
2.15. To check the gravitropic response, wrap the plates with foil and put in a black box so the seedlings are horizontal.  [CU]
2.15.1. Film as written
2.16. Completely close the box and wrap it in foil. [MED]
2.16.1. Film as written
2.17. At several time points, usually beginning at 90 minutes [2.17.1-WID/TEXT] and extending to 12 hours, image the plates under low light conditions. Use a scanner set to collect 600 DPI, JPEG images. [2.17.2-MED/TEXT]
2.17.1. Taking plate out of box to scan it under low light, TEXT: 1.5 h, 3 h, 6 h, and 12 h Sorry for mistake but we sort it out: we have two videos with same shot name as 2.17.1, in first video demonstrator is taking out the black box (open from one side) from the growth chamber be can name it as 2.17.1.a and in second video, demonstrator is taking out plates from black box (with one side open) after phototropism, to scan it under low light, we can name it as 2.17.1.b.
2.17.2. Demonstrating the scanning procedure and returning plate to box, TEXT: 1.5 h, 3 h, 6 h, and 12 h
3. Analysis of Seedling Bending Angles: 
3.1. To measure the bending angle of the seedlings, load their images in Image J software. [MED]
3.1.1. Establishing shot of talent at computer, opening ImageJ
3.2. Use the magnifying tool to zoom in and scroll to a seedling to analyze.  Then, use the angle tool to measure the angle at which the seedling is bent. [LM]
3.2.1. LAB MEDIA: 53513_JYK_ 3 Analysis of Seedling Bending Angles Viedeo.avi (00.0 - 00.16 Sec)
3.3. To do this, double-left-click on the original hypocotyl growing direction point "a" and drag the mouse to the bending initiation point "b". [3.2.1 (00.16 - 00.19 Sec)] [3.3.1-LM]
3.3.1. LAB MEDIA: 53513_JYK_Figure 2F
Video editor: make use of the stills to illustrate the named points, e.g. “a” and Angle B, but also make use of the AVI file to provide actions.
3.4. Then, use a left-click to draw the first line. [3.2.1 (00.19 - 00.20 Sec)] [3.4.1-LM]
3.4.1. LAB MEDIA: 53513_JYK_Figure 2G
3.5. Now, drag the mouse from point “b” to the bending end, point "c", and use a left-click to draw the second line, forming an angle “A”. [3.2.1 (00.20 - 00.21 Sec)] [3.5.1-LM]
3.5.1. LAB MEDIA: 53513_JYK_Figure 2H
3.6. The true bending angle is angle “B”, which is equal to 180° minus angle “A”. [3.2.1 (00.20 - 00.21 Sec)] [3.6.1-LM]
3.6.1. LAB MEDIA: 53513_JYK_Figure 2F
3.7. Now, measure and record angle “A” by pressing "M" on the keyboard. [3.2.1 (00.21 - 00.22 Sec)]
3.8. The result file will open separately. [3.2.1 (00.22 - 00.23 Sec)] [3.8.1-LM]
3.8.1. LAB MEDIA: 53513_JYK_Figure 2I. 
3.9. Repeat the previous step for measuring the rest of the seedlings, and measure the average angle of two different backgrounds using the dataset spreadsheet file. [3.2.1-LM] We think no need of video demonstration for it as it is very common practice and had been described in text. If you still think this step is important we can make new Screen shot video.
Video editor: For 3.9 you may want to show 3.2.1 from beginning to end cut slightly differently.
Authors, we prefer a separate file for each part of the narrative.  Since you’ve prepared a single file already, you can either split it up or you can indicate in the post-shoot version of the script what time codes (e.g. 0:01-0:12) to use for each portion of the narrative.
4. Hypocotyl Assay: HPTS Dye-loading
4.1. Preparation of the HPTS agarose blocks needed for this assay is covered in the text protocol. [WID/TEXT]
4.1.1. Preparing agar blocks in hood TEXT: 8-hydroxypyrene-1,3,6-trisulfonic acid (HPTS)
4.2. Begin with preparing the plant samples.  In this example, mutants with an altered plasmodesmata size exclusion limit are analyzed. [WID]
4.2.1. Following shot - talent gathering plant samples, taking them to the hood where agar blocks are prepared
4.3. First create a platform for the assay. Place a microscope cover slide on a new MS medium plate. [MED/TEXT]
4.3.1. Film as written, TEXT: 24 × 50 mm
4.4. Next, from MS plates with 3-day-old etiolated seedlings, [4.4.1-CU] use sharp surgical scissors to carefully excise the seedlings from the base of the hook [4.4.2-ECU] and transfer them to the cover glass. [4.4.3-CU]
4.4.1. Preparing to excise seedling
4.4.2. Film as written, excising seedling – critical to get this right, capture a couple of takes
4.4.3. Placing seedling on cover glass
4.4.3.a Wider angle shot. 
4.4.3.b Close up showing seedlings on cover slides.
4.5. Transfer at least five seedlings [4.4.2] per genetic background. Orient the seedlings so only 0.5 cm of hypocotyl from the excision position remains on the cover slide, [4.5.1-CU] and the rest of the hypocotyl touches the medium. [4.5.2-ECU]
4.5.1. Adding more seedlings to the cover glass, until there are five, then orienting them (We have just shown adding one seedling because taking shot for this step was challenging.)
4.5.2. Detail of how hypocotyl crosses medium and glass slide
4.6. Then, place an HPTS agarose block on top of the excised seedlings [4.6.1-MED] so that the excised area is in contact with the HPTS block.  Make certain that the contact is made. [4.6.2-ECU]
4.6.1. Placing block on seedlings on slide
4.6.2. Contact between seedling and block is secured
4.7. Let the block sit on the hypocotyls for five minutes, [4.7.1-MED] then, transfer the hypocotyls to a 10-mm Petri dish containing double distilled water [4.7.2-ECU] and wash them with shaking for 15 minutes. [4.7.3-MED]
4.7.1. Stopping a timer and preparing to transfer hypocotyls, removes block
4.7.2. Picks hypocotyls from plate, show several being picked up
4.7.3. Loading water dish with hypocotyls and starting a timer when done and put on shaker as mentioned in shot 5.6.2.
4.8. Next, transfer the washed seedlings to a slide. [4.8.1-CU] Place each mutant next to a control to make direct comparisons. [4.8.2-MED]
4.8.1. Picking a washed hypocotyl, two baths of seedling should be available
4.8.2. Picking a washed hypocotyl from 2nd bath, placing next to other on slide
4.9. Cover the hypocotyls with 100 to 150 microliters of double-distilled water and apply a cover slide.  [CU]
4.9.1. Film as written
4.10. Now, analyze the slide using confocal microscopy as described in the text protocol. [MED]
4.10.1. Preparing another slide, last three shots combined from wider angle slated as (3.10.1.a)
4.10.1.b (close up) Demonstrator adjusting image setup on confocal microscope.
5. Callose Aniline Blue Staining 
5.1. For this assay, use freshly prepared dye that is less than two days old and kept in the dark. [WID]
5.1.1. Talent gets dye out of dark and 2-deoxy-D-glu stock
5.2. To inhibit de novo callose synthesis, add 1.5 mM of 2-deoxy-D-glucose to the dye. [MED]
5.2.1. By mistake named 5.1.2 Adding 2-deoxy-D-glu stock to aliquot of staining buffer to use in a few steps
5.3. Begin this assay by selecting 3-day-old etiolated seedlings for callose staining [5.3.1-CU] with or without tropic response.  Cut the seedlings from their hook region using thin surgical scissors. [5.3.2-ECU]
5.3.1. 3-day-old etiolated seedlings without tropic response being selected
5.3.2. detail of cutting the seedlings loose from their plate
5.4. Then, using the tip of a toothpick, transfer the seedlings [5.4.1-ECU] in a small Petri dish containing 2 ml of staining buffer. [5.4.2-ECU]
5.4.1. Picking seedling with toothpick
5.4.2. Loading seedlings into staining buffer
5.5. Incubate the seedlings in the staining buffer, in the dark for 2 hours with continuous shaking at 30 RPM. [WID]
5.5.1. Setting up the buffer dish(es) with seedlings on shaker and starting shaking at 30 RPM
5.6. After staining, wash the seedlings with double distilled water [5.6.1-MED] for two minutes to remove the excess staining buffer. [5.6.2-MED]
5.6.1. Transferring seedling to wash water
5.6.2. Setting up wash, with or without shaking, starting a timer
5.7. Once washed, select at least 5 seedlings of each background for confocal analysis.  [MED]
5.7.1. Preparing slides to view with confocal
6. Analysis of Callose Signal
6.1. Measure the callose signal intensity with Image J software. [3.1.1]
6.2. Open the confocal microscopy file already saved in JPEG format in the imaging software. [LM]
6.2.1. LAB MEDIA: 53513_JYK_ 6 Analysis of Callose Signal video.avi (00.0-00.14 Sec).
6.3. Next, using the rectangular selection tool, drag the cursor over the picture and select the area to be examined. [6.2.1-LM] 00.14-00.26 sec.
6.4. Then, measure and record the numerical values for signal intensity by pressing "M".  The result file will open separately. In the result file the term “Mean” indicates the signal intensity of the selected “Area”, not the mean of several areas. [6.2.1-LM] 00.26-00.30 sec.
6.5. One-by-one, analyze the signal in this manner for each seedling. [6.2.1-LM]
6.6. [bookmark: _GoBack]Repeat the above step for measuring the rest of the seedlings and measure the average angle of two different backgrounds using the dataset spreadsheet file. [6.2.1-LM] We think no need of video demonstration for it as its very common practice. If you still think this step is important we can make new Screen shot video.
Authors, we prefer a separate file for each part of the narrative.  Since you’ve prepared a single file already, you can either split it up or you can indicate in the post-shoot version of the script what time codes (e.g. 0:01-0:12) to use for each portion of the narrative.
7. Results: Screening AtGSL8 RNAi Plants 
7.1. Using the described protocols, dexamethasone-inducible RNAi lines of AtGSL8 were analyzed. dsGSL8 seedlings were clearly defective in phototropism and gravitropism; they exhibited no bending …
7.1.1. 53513_JYK_Figure5A
7.2. … under the influence of either force.
7.2.1. 53513_JYK_Figure5B
7.3. Alterations in symplasmic movement showed the HPTS dye movement was substantially more extensive in dsGSL8 RNAi knockdowns than in either controls. 
7.3.1. 53513_JYK_Figure6
7.4. Callose is one of the key regulators of plasmodesmata size exclusion limit, and AtGSL8 is a known plasmodesmata callose synthase.  So, callose aniline blue staining was carried out.  In the control, callose accumulated after 6 hours, as marked by yellow arrows.
7.4.1. 53513_JYK_Fig7A+Fig7B
7.5. However, after 6 hours the mutants had persistently low plasmodesmata callose levels. 
7.5.1. 53513_JYK_Figure7A+7B+7C
7.6. This absence of callose synthesis was measurably less as soon as 3 hours after phototropism.
7.6.1. 53513_JYK_Figure7D

8. Conclusion (said by authors on camera)
8.1. Ritesh Kumar: After watching this video, you should have a good understanding of how to do rapid screening of genes involved in controlling plasmodesmal gating during tropic response through modulating PD callose.
8.2. Dhinesh Kumar: Once mastered, this technique can be done in approximately 6 hours, after the 3 days germination of Arabidopsis seedlings.
8.3. Arya Bagus: While attempting this procedure, it’s important to remember to avoid damaging seedling while transferring them.  It is also important to make proper contact between the HPTS agar and the hypocotyls during the loading assay.
8.4. Prof. Jae-Yean Kim: After its development, this technique paved the way for researchers in the plant field of developmental biology to explore new genes that play a role in controlling symplasmic conductivity during tropic response.

Provided Media

3-LAB MEDIA: 53513_JYK_ 3 Analysis of Seedling Bending Angles Video.avi- screen capture video for measuring bending angle.
3.3.1-LAB MEDIA: 53513_JYK_Figure 2F.tif-Outline of the angle measurement
3.4.1-LAB MEDIA: 53513_JYK_Figure 2G.tif-Line representing the distance from point a to point b.
3.5.1- LAB MEDIA: 53513_JYK_Figure 2H.tif-Continuity of line a-b to point c making ∠A.
3.6.1-LAB MEDIA: 53513_JYK_Figure 2F.tif- Outline of the angle measurement
3.8.1-LAB MEDIA: 53513_JYK_Figure 2I.tif Result file of Image J showing ∠A value
6 -LAB MEDIA: 53513_JYK_ 6 Analysis of Callose Signal video.avi- screen capture video for callose signal measurement.
7.1.1-LAB MEDIA: 53513_JYK_ Figure 5A.tif- Phototropic response showed by dsGSL8 (±dex) along with Col-0.
7.2.1-LAB MEDIA: 53513_JYK_ Figure 5B.tif- Gravitropic response showed by dsGSL8 (±dex) along with Col-0.
7.3.1-LAB MEDIA: 53513_JYK_ Figure 6.tif- Fluorescence images were taken after HPTS loading to dsGSL8±dex hypocotyl cut surfaces along with wild type Col-0.
7.4.1-LAB MEDIA: 53513_JYK_ Fig 7 A.- Fluorescence image showing aniline blue callose staining for dsGSL8 (-dex) at 0 h
7.4.1-LAB MEDIA: 53513_JYK_ Fig 7 B.tif- Fluorescence image showing aniline blue callose staining for dsGSL8 (-dex) after 6 h of phototropism 
7.5.1-LAB MEDIA: 53513_JYK_ Figure 7A.tif- Fluorescence image showing aniline blue callose staining for dsGSL8 (-dex) at 0 h
7.5.1-LAB MEDIA: 53513_JYK_ Figure 7B.tif- Fluorescence image showing aniline blue callose staining for dsGSL8 (-dex) after 6 h of phototropism 
7.5.1-LAB MEDIA: 53513_JYK_ Figure 7C.tif-Fluorescence image showing aniline blue callose staining for dsGSL8 (+dex) after 6 h of phototropism
7.6.1-LAB MEDIA: 53513_JYK_ Figure 7D.tif-Bar graph diagram representing the amount of PD callose that accumulated in dsGSL8 (±dex) hypocotyls before and after 3 h and 6 h of phototropism.

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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