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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N

2. Does your protocol include software usage? Y Authors: please upload all screen capture files to your project page.
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.

3. Which steps from the protocol section below are the most important for viewers to see? 
n/a

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.4. can often cause confusion. This step involves selecting portions of the movie of ICC-MY CTC activity that will be used to generate the thresholding for classifying valid PTCLs from noise. The most important thing to ensure success here is to incorporate as much ‘pre CTC’ non activity and ‘post CTC’ non activity in this calculation as possible. The more quiescent periods that are included in the calculation before and after the CTC the more accurate the ramp PTCL creation program will work.

5. Will the filming need to take place in multiple locations? N



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Bernard Drumm: The capacity to acquire increasing amounts of data from Ca2+ imaging experiments has improved, particularly with tissue imaging. Our protocol outlines techniques for an accurate analysis of these datasets [1].

1.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.2. Bernard Drumm: Our protocols generate of a range of spatial, temporal and intensity values that are intrinsic to Ca2+-signaling in whole tissues, which can be lost in more rudimentary analyses [1].

1.2.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at The University of Nevada, Reno School of Medicine.


Section - Protocol
2. Calcium (Ca2+) Imaging 
2.1. One hour before the imaging, transfer a small intestine harvested from a mouse with interstitial cells of Cajal, or ICC (I-C-C), that specifically express a genetically-encoded calcium indicator to the stage of a spinning-disc confocal microscope [2] and continuously perfuse the tissue [2-TXT] with 37-degree Celsius Krebs-Ringer bicarbonate, or KRB (K-R-B), solution [3].
2.1.1. WIDE: Talent pinning intestine to dish TEXT: See text for mouse preparation/tissue harvest details
2.1.1A. [Added Shot]: CU: Shot of intestine being pinned to dish. (Editor: Depending on how this shot looks, it can be used either along-side or in place of 2.1.1)
2.1.2. MED: Talent placing dish onto microscope stage
2.1.3. MED: Small intestine being perfused, with KRB container label visible in frame as possible
2.2. Using a 60-100X magnification [1], locate the stellate-shaped, myenteric plexus ICC, or ICC-MY (I-C-C-M-Y), between the circular and longitudinal smooth muscle layers of the small intestine [2].
2.2.1. MED: Talent selecting objective
2.2.2. LAB MEDIA: Figure 3A 

2.3. Then locate the spindle-shaped, deep muscular plexus ICC, or ICC-DMP (I-C-C-D-M-P), in a single plane between the circular smooth muscle layer and the submucosal plexus [1] and save the movies as a stack of TIFF images [2].

2.3.1. LAB MEDIA:  2.3.1.pdf
2.3.2. SCREEN: To be provided by Authors: Image stack being saved
3. Stochastic Ca2+ Signal Analysis

3.1. To create spatio-temporal maps, or STMs (S-T-M’s), of the ICC-DMP calcium activity, open the image stack in ImageJ [1] and click Image, Type, and 32-bit to modify the image quality [2].

3.1.1. MED-over the shoulder: Talent at computer, opening ImageJ
3.1.2. SCREEN: 3.1.2.mov: Image, Type, and 32-bit being clicked

3.2. To create a linescan, right-click on the line selection tool and select Segmented Line. Using single left clicks, draw a line along the mid-axis of an individual ICC-DMP, double-clicking when the entire cell has been outlined [1].

3.2.1. SCREEN: 3.2.1.mov Line selection tool being clicked, then Segmented Line being selected and ICC-DMP being outlined

3.3. Select Image, Stacks, and Reslice. A pop-up window will appear [1].

3.3.1. SCREEN: 3.3.1.mov Image, Stacks, and Reslice being selected, then pop-up window appearing

3.4. Select Rotate 90 Degrees to orient the linescan from left to right so that it can be calibrated and read against time on the x-axis with space on the y-axis and click OK. The spatio-temporal map will appear [1]. 

3.4.1. SCREEN: 3.4.1.mov Rotate 90 Degrees being selected/linescan being re-oriented, OK being clicked, map appearing

3.5. To accurately measure the amplitude of the calcium signals from the map, select Rectangular Selection and draw a region of interest around the area within the STM that displays the most uniform and least intense area of fluorescence [1].

3.5.1. SCREEN: 3.5.1.mov STM appearing, then Rectangular Selection being selected and ROI being drawn

3.6. Click Analyze and Histogram to obtain a mean value of the intensity within the selected region of interest and click Edit-Selection-Select All to select the entire STM [1].

3.6.1. SCREEN: 3.6.1.mov Analyze and Histogram being clicked, then Edit-Selection-Select All being clicked Video Editor: please emphasize mean value below histogram when mentioned as possible/necessary

3.7. Next, click Process, Math, and Divide and enter the mean value of the intensity with the selected STM region of interest in the pop-up box [1].

3.7.1. SCREEN: 3.7.1.mov Process, Math, and Divide being clicked, then mean value of STM ROI intensity being entered

3.8. The STM will turn black. Correct this by clicking Image, Adjust, Brightness Contrast and Auto in the pop-up window. The linescan will now be calibrated for the amplitude with the intensity of the fluorescence expressed as the fluorescence divided by the zero fluorescence [1].

3.8.1. SCREEN: 3.8.1.mov: Shot of black STM, Image, Adjust, Brightness Contrast and Auto being clicked, shot of calibrated linescan

3.9. The STM will display the number of frames in the TIFF stack on the x-axis and the number of pixels representing the length of the cell on the y-axis [1].

3.9.1. SCREEN: 3.9.1.mov: Shot of STM Videographer: please emphasize number of frames on x-axis and number of pixels on y-axis when mentioned

3.10. To quantify the temporal and spatial data from the calcium signals, click Image and Properties and enter the appropriate values to fully calibrate the STM for space and time in the pop-up window [1-TXT]. 

3.10.1. SCREEN: 3.10.1.mov: Image and Properties being clicked, then value(s) being entered TEXT: Adjust according to experimental acquisition rate/objective

3.11. To analyze the individual calcium events, click Straight Line and click and drag on the STM to draw a straight horizontal line through the center of a calcium event parallel to the x-axis [1-TXT].

3.11.1. SCREEN: 3.11.1.mov: Straight Line being clicked, then STM being clicked and line being drawn TEXT: Click 2nd time to complete line

3.12. Then click Analyze and Plot Profile. A box will appear showing the plot profile of the calcium event [1].

3.12.1. SCREEN: 3.12.1.mov: Analyze and Plot Profile being clicked, then new box appearing

4. Calcium Transient Cluster (CTC) Quantification

4.1. For particle-based analysis of the ICC-MY calcium signaling data, open the movie file in Volumetry [1] and right-click to select STK (S-T-K) Filter-Differentiate [2].

4.1.1. WIDE: Talent opening Volumetry, with monitor visible in frame
4.1.2. SCREEN: 4.1.2.mov: STK-Filter-Differentiate being selected

4.2. Right-click again to input a value to differentiate, press Enter, and left click to initiate the differentiation [1].

4.2.1. SCREEN: 4.2.1.mov: Right-click menu being opened, value being entered, ENTER being pressed, and value being applied

4.3. To create particles, use the middle mouse button to scroll through the movie to select a 20-40 frame-section that includes a quiescent period followed by the occurrence of a calcium transient cluster and 20-40 frames that follow right after the cluster [1].

4.3.1. SCREEN: 4.3.1.mov: Movie being scrolled, then quiescent frames and CTC period being selected, then frames after CTC being selected

4.4. When all of the frames have been selected, right click in the Movie window to access STK Ops (opps) – Ramp DS (D-S) Particle Info and click to run a particle analysis routine that progressively ramps the threshold from the maximum to the minimum intensity [1].

4.4.1. SCREEN: 4.4.1.mov: Movie window being clicked, then STK Ops – Ramp DS PTCLinfo being clicked/analysis being run

4.5. Bernard Drumm: To ensure a successful particle analysis, incorporate as much ‘pre-calcium transient cluster’ non-activity and ‘post-calcium transient cluster’ non-activity in this calculation as possible to boost the signal to noise ratio.

4.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

4.6. The analysis will be displayed graphically in the Plot window as a plot of noise and in the Traces window as three colored traces, with the green trace representing the number of particles, the red trace representing the average particle size, and the blue trace representing the absolute intensity threshold [1].

4.6.1.  SCREEN: 4.6.1.mov: Shot of Plot window, then shot of Traces window Videographer; Please emphasize noise in Plot window, and green, red, and blue traces (individual) when mentioned as possible (Author Comment: This file is mislablled as 4.5.1 in the uploaded screen capture files.)

4.7. To histogram-balance the plot of particle noise, press H on the keyboard [1]. Then press the right bracket key to cycle through color schemes until the background is white with the colored traces on top [2].

4.7.1. MED: Talent pressing H
4.7.2. SCREEN: 4.7.1.mov: Color schemes being cycled to white background with colored traces (Author Comment: This file is mislablled as 4.6.1 in the uploaded screen capture files.)

4.8. Press F on the keyboard one time [1] to bring up a measuring tool [2]. 

4.8.1. MED: Talent pressing F 
4.8.2. SCREEN: 4.8.1.mov: Measuring tool appearing (Author Comment: This file is mislabelled as 4.7.1 in the uploaded screen capture files. The uploaded 4.7.1 file includes this step and the step 4.9.2 in this version of the script. Also see comment 6 regarding this file.

4.9. Then press F a second time [1] to mark a single vertical line in the scroll bar of the Traces window on the plot at the intersection where the colored plots begin to shift to the right-hand side [2].

4.9.1. CU: F being pressed
4.9.2. SCREEN: 4.9.2.mov: then plot being clicked at intersection/single vertical line being marked (Author Comment: This file is mislablled as 4.7.1 in the uploaded screen capture files.)

4.10. Within the Traces window, use the middle mouse button to scroll from the inflection point of the red trace to the marked white vertical line. After noting the displayed y-average, click the middle mouse button inside the Traces window to deselect the blue trace [1].

4.10.1. SCREEN: 4.10.1.mov: Scrolling from inflection point to vertical line, blue trace being selected, y-average being displayed, then trace being de-selected Videographer: Please emphasize yAVG when it appears/is mentioned (Author Comment: This file is mislablled as 4.8.1 in the uploaded screen capture files.)

4.11. In the Movie window, click C to bring up a color wheel and D to adjust the threshold. Valid particles will now be shown in red and those that saturate will be white [1].

4.11.1. SCREEN: 4.11.1.mov: C being clicked/color wheel appearing, then D being clicked/threshold being adjusted until PTCLs appear in red and white. (Author Comment: This file is mislablled as 4.9.1 in the uploaded screen capture files.)
4.11.2. [Added Shot]: MED: Talent pressing C, D  (Editor: If it looks good, this can be used along-side the screen capture when VO matches up for the talent to press C and D)

4.12. Use the left mouse button to scroll until the white areas are removed and use the middle mouse button to adjust the yellow numerical value in the color wheel to the y-average value to assign everything in red as an active calcium transient particle at the determined threshold point [1].

4.12.1. SCREEN: 4.12.1.mov: White areas being removed, then yellow value being adjusted/red PTCLs being assigned as active calcium transients (Author Comment: This file is mislablled as 4.10.1 in the uploaded screen capture files.)
4.12.2. [Added Shot]: MED: Talent using the mouse. (Editor: If it looks good, this can be used along-side the screen capture at the beginning of the VO)

4.13. To save the data as a coordinate-based particle file, right click to access STK 3D-Save Particle 0 and left click to save the file [1].

4.13.1. SCREEN: 4.13.1.mov: STK 3D-Save PTCLs 0 being clicked, then file being saved (Author Comment: This file is mislablled as 4.11.1 in the uploaded screen capture files.)

4.14. To create particle activity heat maps, open the save particle file and right click in the Movie window to access Particle STK Ops-Stat Map Flag equals and enter a flag assignment to analyze [1].

4.14.1. SCREEN: 4.14.1.mov: Movie window being right clicked, then PTCL STKops-StatMap Flag= being clicked and flag assignment being entered (Author Comment: This file is mislablled as 4.12.1 in the uploaded screen capture files.)

4.15. Click to apply the analysis and a heat map showing the total particles for the entire length of recording, with different colors representing the percent occurrence throughout the recording. Right-click to save the heat map as a TIFF file [1].

4.15.1. SCREEN: 4.15.1.mov: Analysis being applied, then heat map appearing and STM Load Save- Save STM as .tif being selected and heat map being saved (Author Comment: This file is mislablled as 4.13.1 in the uploaded screen capture files.)

4.16. Then right-click in the Movie window to access Particle Measure-Particle Stats STK equals and enter a flag assignment for the analysis. A series of traces will be generated in the Trace window [1].

4.16.1. SCREEN: 4.16.1.mov: then PTCL Measure-PTCLStats STK= being selected and flag assignment being entered, then traces appearing in Traces window (Author Comment: This file is mislablled as 4.14.1 in the uploaded screen capture files.)



[bookmark: _GoBack]Section – Results
5. Results: Representative In Situ Ca2+ Signaling Analyses 

5.1. STM analysis provides the ability to monitor and record the spatial characteristics of calcium signaling [1], such as the spatial spread and propagation velocity [2].

5.1.1. LAB MEDIA: Figure2G.pdf
5.1.2. LAB MEDIA: Figure 2G: JoVE Video Editor: please add white double-headed arrow as in original Figure 2G

5.2. This information can be amassed to provide a rather complete view of calcium signaling behaviors within cells in their native environments [1].

5.2.1. LAB MEDIA: Figure 2H: JoVE Video: please sequentially add or emphasize graphs OR no animation

5.3. Using particle analysis [1] … quantitative information about calcium-signaling can be calculated by measuring the particle area [2] and particle count [3], which together can be used to determine the spatial ranges of calcium signal activation within a specified field of view [4].

5.3.1. LAB MEDIA: Figures 3E, F, G
5.3.2. LAB MEDIA: Figure 3H: JoVE Video Editor: please show both PTCL Area graphs
5.3.3. LAB MEDIA: Figure 3H: JoVE Video Editor: please show both PTCL Count graphs 
5.3.4. LAB MEDIA: Figure H

5.4. Particle analysis also allows the in-depth quantification of sub-cellular calcium signaling through examination of the location and firing probabilities of calcium firing sites [1].

5.4.1. LAB MEDIA: Figures 4A, B, C

5.5. By allocating the particles into different FLAGs (flags) based on their temporal characteristics [1], the initiating particles can be accurately mapped [2] and a wealth of hard data acquired on the number of initiation sites [3], the size of the site in pixels and micrometers [4], probability of each initiation site firing either once or multiple times during each calcium transient cluster [5], and the percentage of firing sites that fired during each calcium transient cluster cycle can be obtained [6]. 

5.5.1. LAB MEDIA: Figure 4C
5.5.2. LAB MEDIA: Figure 4E
5.5.3. LAB MEDIA: Figure 4D: JoVE Video Editor: please show PTCL Count graph only
5.5.4. LAB MEDIA: Figure 4D: JoVE Video Editor: please show PTCL Area graph only
5.5.5. LAB MEDIA: Figure 4F: JoVE Video Editor: please emphasize left graph
5.5.6. LAB MEDIA: Figure 4F: JoVE Video Editor: please emphasize right graph

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Bernard Drumm: Consistency is the key to success with this protocol. All of the movies must be treated the same across datasets to ensure reliable results, especially when creating particle files [1].
6.1.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera
6.2. Bernard Drumm: This protocol allows a deep characterization of Ca2+ signaling events in situ and appropriate statistical methods can be used to assess differences between a range of spatial and temporal parameters [1].
6.2.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera
6.3. Bernard Drumm: These analysis techniques have allowed researchers to ask and answer previously unaddressable questions relating to intestinal pacemaking and innervation, as well as the neuronal control of the lower urinary tract [1].
6.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera
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