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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? 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 from the protocol section below will viewers benefit most from having filmed? 
2.5., 2.6., 3.1., 3.2., 3.6., 4.4.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5 and 2.6: Prepare the sample by avoiding air bubbles. In this step, hold the coverslip with the forceps and gently lower over the seedlings.

3.1:  Draw a uniformly-layered rectangle on a clean glass slide.
3.3 and 3.6: Do not move the coverslip during the exchange of solution, In this step, do not touch the coverslip with the pipette tip. If the coverslip moves, the vacuum grease will not seal the sample anymore.

4.3: Place the coverslip and avoid air bubbles. In this step, hold the coverslip with the forceps and gently lower over the seedlings.

E. Will the filming need to take place in multiple locations? N (same building different rooms)
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Alexander Jones: This method can help answer key questions in the plant development field about the distribution of growth regulatory phytohormones. 

1.2. Annalisa Rizza: By using genetically-encoded FRET biosensors, for example nlsGPS1, which detects gibberellins, it is possible to measure the dynamic distributions of important compounds in Arabidopsis tissues at cellular resolution.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Ankit Walia: Generally, individuals new to this method will struggle, because analyzing FRET biosensors involves ratiometric imaging, which has increased noise and additional analytic steps compared to intensiometric imaging.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Plant Growth and Sample Preparation
2.1. Begin by sowing approximately 20 sterilized Arabidopsis seeds on one-half-Murashige and Skoog, or MS, agar square plates [1-WIDE-TXT].
2.1.1. Talent sowing seed(s) (TEX: See text for Arabidopsis seed sterilization details)

2.2. Seal the plates with porous surgical tape [1-MED] and wrap them with aluminum foil [2-CU] for 1-3 days of incubation at 4 degrees Celsius for stratification [2-MED].
2.2.1. Talent sealing plate

2.2.2. Plate being wrapped

2.2.3. Talent placing plate at 4 °C 
2.3. For root imaging, transfer the plates to a growth chamber in a vertical orientation for 3 days under the indicated conditions [1-MED-TXT].

2.3.1. Talent placing plate(s) into growth chamber (TEXT: i.e. 16 h of light/8 h of dark; 120 micrometer/m2s intensity light; 22 °C during light cycle/18 °C during dark cycle; 65% RH)
2.4. For dark-grown hypocotyl, transfer the plates to the growth chamber for a 1-4-hour light pulse to synchronize the germination [1-MED]. Then wrap the plates with aluminum foil [2-CU] and place them into the growth chamber in a vertical orientation for 3 days [3-MED-over the shoulder].
2.4.1. Talent placing plates into growth chamber

2.4.2. Plate(s) being wrapped

2.4.3. Talent placing plate(s) into growth chamber

2.5. For steady-state measurements, add 50 microliters of mock solution to a clean microscope slide [1-MED] and gently place three nuclear localized-Gibberellin Perception Sensor 1, or nlsGPS1 (N-L-S-G-P-S-one),-expressing seedlings onto the slide [2-CU].

2.5.1. Talent adding solution to slide, with mock solution container visible in frame

2.5.2. At least one seedling being placed onto slide

2.6. Then spot a drop of vacuum grease on each corner of a clean coverslip [1-MED-over the shoulder] and gently place the coverslip over the seedlings [2-CU], carefully adding extra mock solution to remove any air bubbles as necessary [3-ECU].
2.6.1. Talent placing greasing onto at least one corner

2.6.2. Coverslip being placed over seedlings

2.6.3. Solution being added/bubbles being removed

3. Gibberellin4 (GA4) Treatment
3.1. Before gibberellin-four, or GA4 (G-A-four), treatment, use a 20-milliter syringe filled with vacuum grease and equipped with a modified 200 microliter-pipet tip with a 1-millimeter-diameter opening [1-WIDE] to draw a uniformly-layered, 3.5-centimeter long by 2.5-centimeter wide rectangle on a clean glass slide [2-CU].
3.1.1. Talent filling syringe or placing tip onto syringe

3.1.2. Rectangle being drawn

3.2. Add 50 microliters of mock solution to the center of the rectangle [1-MED-over the shoulder] and use clean forceps to lift nlsGPS1-expressing seedlings by the undersides of their cotyledons [2-ECU] for careful transfer into the mock solution [3-CU].
3.2.1. Talent adding solution to slide, with mock solution container visible in frame

3.2.2. Seedling being grasped by cotyledons

3.2.3. Seedling being placed into mock solution

3.3. Place a coverslip spotted with vacuum grease as just demonstrated into the center of the vacuum grease rectangle [1-CU] and carefully fill the reservoir with extra mock solution without disturbing the seedlings [2-CU-TXT].
3.3.1. Coverslip being placed

3.3.2. Reservoir being filled (TEXT: Caution: Avoid bubbles)

3.4. Then acquire images of the seedlings on a confocal microscope equipped with lasers to perform Förster resonance energy transfer [1-MED-TXT].
3.4.1. Talent at microscope, imaging slide (TEXT: See text for FRET imaging details)

3.5. For GA4 treatment, remove the slide from the microscope stage [1-MED] and set a timer for 20 minutes [2-MED].
3.5.1. Talent placing slide onto bench or similar

3.5.2. Timer being set
3.6. Immediately remove the mock solution from the right side of the coverslip [1-CU] while adding 70-microliters of one quarter-MS liquid supplemented with 1 micromolar GA4 to the left side of the coverslip until all of the mock solution has been replaced [2-CU-TXT].
3.6.1. Solution being removed

3.6.2. Solution being added (TEXT: Exchange solutions for about 10 min)
3.7. Then place the glass slide back onto the microscope stage [1-MED] and wait another 10 minutes before acquiring the after-GA treatment image [2-MED].
3.7.1. Talent placing slide onto stage

3.7.2. Talent at microscope, imaging seedlings 
4. Tissue of Interest Time Course Setup
4.1. To set up a time course for a tissue of interest, add 200 microliters of mock solution to the center of the perfusion channel of a sticky-slide [1-WIDE] and gently place nlsGPS1 seedlings into the mock solution as demonstrated [2-MED].
4.1.1. Talent adding solution to slide, with mock solution container visible in frame 

4.1.2. Talent placing seedling onto slide

4.2. Use forceps to gently place a coverslip over the seedlings [1-CU], using the backside of the forceps to press gently on the outer edges of the coverslip until it forms forms a strong bond with the sticky material on the periphery of the sticky-slide [2-CU].
4.2.1. Coverslip being placed

4.2.2. Coverslip being pressed
4.3. Next, use two, 0.8-millimeter inner diameter, elbow Luer connectors and an 0.8-millimeter inner diameter piece of silicone tubing with to connect the sticky-slide to a 20-millimeter syringe filled with mock solution [1-MED] and to connect the slide to an outlet container for collecting the outflow solution [2-CU].

4.3.1. Talent connecting slide to syringe

4.3.2. Talent connecting slide to container

4.4. Gently depress the plunger to dispense enough solution through the chamber to ensure that there are no air bubbles [1-CU] and then load the syringe onto a programmable syringe pump [2-MED].
4.4.1. Plunger being depressed/chamber being filler

4.4.2. Talent loading syringe onto pump 
4.5. Then start the pump to initiate the time course [1-CU-TXT].

4.5.1. Pump being started/solution being perfused through chamber (TEXT: See text for flow rate suggestion details)

4.6. For GA4 treatment during the time course, pause the pump to stop the perfusion [1-MED] and replace the mock buffer-containing syringe with a syringe filled with one-quarter MS liquid supplemented with GA4 [2-CU].
4.6.1. Talent pausing pump

4.6.2. Syringe being replaced
5. 3-D Image Analysis 
5.1. For 3-D image analysis, import the files into the appropriate image analysis software program [1-WIDE-TXT] and open the “Surfaces wizard” [2-SCREEN].

5.1.1. Talent at computer importing file(s) (TEXT: Here IMARIS is used)

5.1.2. 58379_5.1.2.mp4: Surfaces wizard being opened

5.2. Set the background subtraction to 3 microns and the thresholding to default [1-SCREEN].
5.2.1. 58379_5.2.1.mp4: Background subtraction being set, then thresholding being set

5.3. Annalisa Rizza: “During the segmentation of nuclei, take care not to include many nuclei with dim fluorescence, as the signal-to-noise ratio of objects with near-background levels of signal will be too low for ratiometric image analysis.” [1-MED-interiew style] 
5.3.1. Annalisa Rizza, speaking the above interview style (looking just off-camera)
5.4. Then mask the CFP and FRET emission channels based on the surfaces created using the YFP emission [1-SCREEN]. 
5.4.1. 58379_5.3.1.mp4: CFP and FRET emission channels being masked

5.5. Use the “XT Mean Intensity Ratio” extension to compute a ratio of donor excitation acceptor emission divided by the donor excitation donor emission between the mean intensity values of the individual surfaces in the two channels [1-SCREEN].
5.5.1. 58379_5.4.1.mp4: XT Mean Intensity Ratio being used to compute ratio

5.6. To color the individual surfaces with the nlsGPS1 emission ratio, select “Color coding with statistics” and set the “Mean intensity ratio” as the statistics type [1-SCREEN].
5.6.1.  58379_5.5.1.mp4: Color coding with statistics being selected, then Mean intensity ratio being selected
5.7. Under the “Statistics” icon, export the ratios of individual values from the table and copy and paste the values into a spreadsheet for graphical representation of the data [1-SCREEN].
5.7.1. 58379_5.6.1._5.6.2.mp4: Ratios being exported, then data being pasted into spreadsheet
6. Results: Representative Endogenous and Exogenous GA Gradients in Arabidopsis Roots and Dark-Grown Hypocotyls
6.1. In the Arabidopsis root, the nlsGPS1 emission ratio gradient is indicative of low GA levels in the meristematic and division zones [1-LM] and high GA levels in the late elongation zone [2-LM].

6.1.1. 58379_Figure 2B.eps: Video Editor: please emphasize blue and green signal in left image
6.1.2. 58379_Figure 2B.eps: Video Editor: please emphasize red signal in left image 

6.2. In contrast, an emission ratio gradient is not observed in nlsGPS1-non-responsive roots, suggesting that the endogenous GA gradient is not an artefact [1-LM].

6.2.1. 58379_Figure 2D.eps: Video Editor: please emphasize minimal signal in left image

6.3. A nlsGPS1 emission ratio gradient is also formed in dark-grown hypocotyls, with low levels in the cotyledons and the apical hook [1-LM] and high levels in the rapidly elongating basal region of the hypocotyl [2-LM].

6.3.1. 58379_Figure 2F.eps: Video Editor: please emphasize blue and green signal in top left image

6.3.2. 58379_Figure 2F.eps: Video Editor: please emphasize red signal in bottom left image 

6.4. In contrast, an emission ratio gradient is not observed in the nlsGPS1-non-responsive hypocotyls [1-LM].
6.4.1. 58379_Figure 2H.eps: Video Editor: please emphasize minimal signal in left pair of images
6.5. Furthermore, exogenously supplied GA4 accumulates preferentially in the elongation zone [1-LM] compared to the division zone of the Arabidopsis root [2-LM], indicating that nlsGPS1 can be used to study endogenous and exogenous GA patterning [3-LM].
6.5.1. 58379_Figure 3B.eps: Video Editor: please emphasize signal within white box in top right image

6.5.2. 58379_Figure 3B.eps: Video Editor: please emphasize signal below white box in top right image
6.5.3. 58379_Figure 3B.eps: no animation

6.6. In addition, time course analysis of GA4-treated nlsGPS1 seedlings reveals a faster accumulation of exogenous GA4 in the root elongation zone compared to the division zone [1-LM].
6.6.1. Rizza et al Movie 1.mov: Video Editor: please emphasize top less clustered area of signaling and then bottom more clusters area of signaling as possible
7. Conclusion (said by authors on camera):
7.1. Ankit Walia While attempting this procedure, it’s important to remember to avoid saturated pixels during the quantitative imaging, to keep the imaging parameters constant, and to minimize the drift and focal-change issues during the sample perfusion.

7.2. Alexander Jones: Following this procedure, elaborated methods, like imaging roots growing in RootChip-controlled perfusion devices, can be performed to answer additional questions about how GA4 gradients change in Arabidopsis root tips growing at different rates or in response to stresses.
7.3. Annalisa Rizza: After its development, this technique paved the way for researchers in the field of plant growth to explore the dynamic distribution of gibberellins in additional Arabidopsis thaliana tissues and organs.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
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Screen Capture video: 58739_5.3.1

Screen Capture video: 58739_5.4.1

Screen Capture video: 58739_5.5.1 
Screen Capture video: 58739_5.6.1_5.6.2

Rizza et al Movie 1.mov
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 in the email accompanying the finalized script.

�Authors: You may select 6 steps maximum. If you would like to have the Videographer double-shoot different steps than those listed, please feel free to exchange the step numbers.
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