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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.5, 3.2, 3.3, 3.4, 3.6, 3.9
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 2.3, 3.9 
2.3 – Identify gap junction and perinexus of interest
It is critical the investigator measures the intended structure.  We ensure this is the case by identifying a clear pentalaminar structure associated with the gap junction plaque and then ensuring we have an adequate length of in-plane opposing membranes to measure.
3.9 – Identifying appropriate spatial derivative gradient
Biggest issues will occur with large changes (structure starts narrow and rapidly expands).  We ensure success by checking spatial derivative magnitude near the beginning of the image.
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N


[bookmark: Introduction][bookmark: _Hlk513362273]1. Introduction (Opening Author Interviews)
[bookmark: IntroStatements]A.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Tristan Raisch: This method can help answer key questions in the cardiac electrophysiology field about the structure of the extracellular space and cellular communication mechanisms.
1.2. Tristan Raisch: This technique’s main advantage is that it has high-throughput capabilities and an improved spatial sampling frequency. Essentially, we can obtain measurements more quickly and with higher confidence than before.
B.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Tristan Raisch: Perinexus identification and program troubleshooting are difficult to learn without visual demonstration because the perinexus is a newly-defined structure, and troubleshooting may not be intuitive for investigators unfamiliar with MATLAB.
Authors: Some statements have been moved to the conclusion to accommodate length limits and limits on the number of statements given by each author in the introduction.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
1. Pre-Processing Images and Outlining the Perinexus
(Author Comment: For all processes involving running the program itself, the capture software combined with Matlab put quite a strain on my CPU.  As such, the program runs much slower than it typically does.  In practice, the program takes about 4 seconds to run from the double-click in step 3.4.1 to completion and it would not be misleading in the slightest to edit out the parts where the screen sits unchanging for several seconds at a time.)
0. For grayscale images, use numerical computing software to ensure that no pixel has an intensity greater than 255. [1-MED-Over shoulder-TXT] Then, open a prepared image in image-processing software and zoom in on the perinexus (pair-ih-neck-sus /ˌpɛr ɪˈnɛk səs/). [2-SCREEN]
(Author Comment: Additional screen capture footage provided.)
0. Talent runs the ImageSub.m program on a greyscale image. (TEXT: See text for information about the required software and links to custom programs.)
0. *To be provided by authors: Screen capture footage of opening the prepared greyscale image in ImageJ and zooming in on the perinexus as much as possible.
0. Tristan Raisch: It’s critical to properly identify the perinexus. The first step is to identify a gap junction plaque, which has a striped appearance. Then, we look for two opposing membranes in-plane out to about 200 nanometers. [1-MED]
1. Talent speaks towards the camera, interview style.
0. Identify the gap junction plaque from its pentalaminar (pen-tuh-lam-ih-nar /ˌpɛn təˈlæ mɪ nər/) structure. The beginning of the perinexus is the point at which the two opposing cell membrane bilayers (bye-lay-ers /ˈbaɪ leɪ ərz/) diverge. [1-SCREEN]
2. *To be provided by authors: Screen capture footage of using the cursor to point out the gap junction plaque for 4-5 seconds, and then using the cursor to point out the beginning of the perinexus and the diverging opposing cell membranes for 5-6 seconds.
Video editor: If possible, please enlarge the area being pointed out as the beginning of the perinexus.
0. Display a scale bar in nanometers. The starting and ending points of the perinexus outline will be 200 nm from the beginning of the perinexus. [1-SCREEN]
3. *To be provided by authors: Screen capture footage of using the “Set Scale” feature to generate a scale bar.
0. Next, select the freehand selection tool. Click and drag or use a stylus [1-MED-Over shoulder] to carefully trace up along the inner membrane of one cell to the beginning of the perinexus [2-SCREEN] and back along the inner membrane of the second cell. [3-SCREEN]
4. Talent selects the freehand selection tool and starts outlining the perinexus (about 4-5 seconds of footage of outlining). (It may be more convenient to film 2.5.1 and 2.6.2 together, and then delete the line drawn in those shots and re-draw the outline for the screen capture footage).
4. *To be provided by authors: Screen capture footage (with the pen tool already selected) of tracing up along the inner membrane of one cell to the beginning of the perinexus and back down along the opposing inner membrane*, and then releasing the pen to automatically close the outline.
4. The 2.5.2 screen capture footage starting about 6-7 seconds (i.e., the duration of the voice-over for 2.5.3 plus transition time to the next step) before the pen tool is released to close the outline (see timestamp below).
Authors: When you finalize this script after filming, please fill in the times in the 2.5.2 screen capture file when you released the pen tool to close the outline:
Timestamp of releasing the pen tool to close the outline: 0:55
Video editor: Please transition from step 2.5 to 2.6 a few seconds before the above timestamp. Within step 2.5, screen capture footage of drawing the outline needs to be done in a single take to ensure visual consistency between shots, but it can take 30-40 seconds, so you will probably need to use a crossfade to transition from footage of starting to draw the outline in 2.5.2 to finishing drawing the outline in 2.5.3 to match the pacing of the voice-over. Thanks in advance!
0. Close the selected area [1-SCREEN] by releasing the mouse button or lifting the stylus. [2-MED-Over shoulder] Then, set the line width to one pixel and the foreground color to the highest-intensity value for the image type, such as white for a grayscale image. [3-SCREEN]
5. The 2.5.2 screen capture footage starting from ‘…and then releasing the pen’ (see timestamp and note above).
5. With the perinexus now traced, talent lifts the stylus to close the selected area.
5. *To be provided by authors: Screen capture footage of clicking through ‘Edit > Options > Line Width…’, setting the line width to 1 px (or pointing out the value with the cursor if it is already set to 1), clicking ‘OK’, and then clicking through ‘Edit > Options > Colors…’, setting the foreground color to ‘white’ (or pointing it out with the cursor if it is already set), clicking ‘OK’*, clicking through ‘Edit > Draw’ to create the outline, using the cursor to point out the outline on the image, and then saving the image.
Authors: When you finalize this script after filming, please fill in the time in the 2.6.3 screen capture file when you clicked on the ‘Edit’ menu after setting the foreground color to white:
Timestamp of clicking on the ‘Edit’ menu for the third time: 0:28 or 1:08 from 2.5.2
Video editor: Please transition from step 2.6 to 2.7 at the above timestamp.
0. Generate a traced outline from the selection and save the resulting image as a file type compatible with the analysis software, such as JPEG (J-peg) or TIFF (tiff). [1-SCREEN]
6. The 2.6.3 screen capture footage starting from ‘…clicking through ‘Edit > Draw’’ (see above timestamp).
1. Algorithm Setup and Selection of Perinexus of Interest
1. If needed, open the membrane separation distribution analysis program code [1-MED-Over shoulder] and change the save locations for the data and figures to be generated. Save the file and close it. [2-SCREEN]
0. Talent opens the MembraneSepDist.m code file.
0. *To be provided by authors: Screen capture footage of editing the save locations for the data and figures in the m-file, saving the file, and closing the file.
1. Then, run the program. Set the spatial-derivative gradient threshold appropriately for centerline identification. Set the scale in pixels per unit length. Set the spatial lower and upper limits for the region of interest with respect to the edge of the gap junction. [1-SCREEN]
1. *To be provided by authors: Screen capture footage of running the MembraneSepDist program; the GUI popping up; setting the spatial derivative gradient threshold (Gthresh); setting the scale in pixels/unit; setting the spatial lower and upper limits (ROImin and ROImax)*; setting the start point to 0, and using the cursor to point out the ‘(0 Auto, 1 Manual)’ text above the start point field.
Authors: When you finalize this script after filming, please fill in the time in the 3.2.1 screen capture file when you finished setting the spatial lower and upper limits:
Timestamp of when you finished setting the spatial lower and upper limits: 0:21
Video editor: Please transition from step 3.2 to 3.3 at the above timestamp.
1. Select either automatic or manual start-point detection. [1-SCREEN] Manual start point detection may be necessary for irregularly-shaped perinexi (pair-ih-neck-sigh /ˌpɛr ɪˈnɛk saɪ/). [2-SCREEN]
2. The 3.2.1 screen capture footage starting from ‘…setting the start point’ (see timestamp above).
2. *To be provided by authors: Screen capture footage of using the cursor to point out the irregular shape of a representative irregularly-shaped perinexus.
1. Then, open the image with the outlined perinexus. Click and drag to draw a box around the perinexus, excluding the closed end. Double-click inside the traced perinexus outline to crop the image and identify the centerline. [1-SCREEN]
3. *To be provided by authors: Screen capture footage of opening the image prepared in section 2, clicking and dragging the crop box around the perinexus, double-clicking inside the traced perinexus outline, and the centerline isolation process starting.
1. If the start point is to be selected manually, a crosshair cursor and centerline will appear over the original image. Select a point outside the perinexus close to the desired starting point to continue the process. [1-SCREEN-TXT]
4. *To be provided by authors: Now showing an irregularly-shaped perinexus, screen capture footage of the centerline isolation process finishing, the crosshair cursor appearing, and clicking a point outside the perinexus close to the starting point to continue the process. (TEXT: For manual starting point selection.)
1. Once the process has finished, confirm that the centerline stays within the perinexus and properly intersects the start point. Review the generated data and the plot of perinexal (pair-ih-neck-sul /ˌpɛr ɪˈnɛk səl/) width. [1-SCREEN]
5. *To be provided by authors: Now showing the results of a completed process, screen capture footage of using the cursor to point out that the centerline stays within the perinexus bounds and intersects the start point, and then clicking through the plots/data files to represent reviewing them (or opening the files, if they are not automatically opened when the process finishes).
1. If the centerline was not properly identified and isolated, open the ‘GMag’ (G-mag) image array to determine an appropriate gradient threshold. [1-SCREEN]
6. *To be provided by authors: Screen capture footage of using the cursor to point out the centerline in an example where the centerline was not properly identified, and then opening the GMag array for that example using the imagesc function.
1. Tristan Raisch: We use the index tool to click around the centerline in the “GMag” array to get an idea of which pixels we want the centerline-finding algorithm to select. The gradient threshold should be set just above that value. [1-MED]
7. Talent speaks towards the camera, interview style.
1. Select the index tool and click on and around the centerline to display the index value of the pixels that should be selected. Set the spatial derivative gradient threshold to just above the index value and run the process again. [1-SCREEN]
8. *To be provided by authors: Screen capture footage of clicking on the index tool, clicking around the centerline in the GMag array to display the index values of the pixels that should be selected for 5-6 seconds, and then switching to the MembraneSepDist GUI and filling in the index value (Gthresh field).
1. If the starting point was not detected correctly in the automated process, [1-SCREEN] run the program again using manual start point detection. [2-SCREEN]
9. *To be provided by authors: Screen capture footage of using the cursor to point out the centerline not meeting the starting point in an example image.
9. *To be provided by authors: Screen capture footage of setting the start point detection to 1 in the MembraneSepDist GUI and then opening the example image as though about to run the process again.
2. Results: Perinexus Quantification
2.1. In this process, manual outlines are ‘dilated’ in one-pixel increments to count the number of pixels between the two edges. [1-LM] Each increment is added to a ‘working’ image to generate a spatial derivative. [2-LM] The original outline [3-LM] and the centerline are discontinuities (dis-kon-tuh-new-ih-tees /dɪsˌkɒn təˈnuː ɪ tiːs/) in its magnitude. [4-LM]
2.1.1. Figure 4 (Figure 4.pdf): Video editor: Emphasize the top four images (A-D), one by one, from left to right, to represent the sequence of dilations.
(Author Comment: Additional screen capture footage provided for this step, showing the dilations in real-time.  Due to computational demands, I slowed down the Matlab function to ensure all/as many frames as possible were captured.  Speeding up the video should provide a smooth, quick example of how the dilations occur.)
2.1.2. Figure 4 (Figure 4.pdf): Video editor: Emphasize the bottom four images (E-H), one by one, from left to right. As each image is emphasized, also highlight the point on the color scale at the far lower right corresponding to the dilation number given at the top of the image column (i.e., mark at about 3 on the scale for the leftmost image, 10 on the scale for the second-to-left image, etc.) to help emphasize that the color scale indicates the dilation number.
(Author Comment: Additional screen capture footage provided.  As with 4.1.1, the process was slowed down to avoid frame loss.)
2.1.3. Figures 5A and 5B (from Figure 5.pdf): Video editor: Emphasize 5B and highlight the right-facing arrow on the left, which is pointing to the outline. If possible, please also emphasize the outline (see 5b example.pdf for 4.1.3 and 4.1.4).
2.1.4. Figures 5A and 5B (from Figure 5.pdf): Video editor: Please continue emphasizing 5B. During “the centerline”, highlight the left-facing arrow on the right, which is pointing to the centerline. If possible, please also emphasize the centerline.
2.2. After isolating the centerline, it is refined by [1-LM] dilation, [2-LM] erosion, [3-LM] and a pathfinding algorithm. [4-LM] Perinexal width is presented as a function of distance from the start of the perinexus or as [5-LM] the average width in a region. [6-LM]
2.2.1. Figures 5A, 5B, 5C, and 5D (from Figure 5.pdf): Video editor: ‘Zoom out’ of 5A and 5B sufficiently to allow enough space for Figure 5 in full, but only add Figures 5C and 5D (showing the isolation of the centerline by application of a threshold and removing the outline) at this time.
2.2.2. Figures 5A, 5B, 5C, 5D, and 5E (from Figure 5.pdf): Video editor: Add 5E, which shows the dilation of the isolated centerline. (This closes the gaps shown in 5D.)
2.2.3. Figures 5A, 5B, 5C, 5D, 5E, and 5F (from Figure 5.pdf): Video editor: Add 5F, which shows the erosion step.
2.2.4. Figure 5 (Figure 5.pdf): Video editor Add 5G and emphasize the black line running through the inset image of 5G, which is the continuous, one-pixel-thick centerline produced by the pathfinding algorithm.
2.2.5. Figure 6 (Figure 6.pdf): Video editor: During “function of…perinexus”, emphasize the top graph of 6B and the green and blue segments of the line in 6A (the line from 0-150 nm from the start point).
2.2.6. Figure 6 (Figure 6.pdf): Video editor: Emphasize the bottom graph of 6B and just the blue segment of the line in 6A (the segment of the line 30-105 nm from the start point).
2.3. As the perinexus orientation changed, [1-LM] over- or [2-LM] underestimations in perinexus width were observed, [3-LM] depending on the dilation pattern. [4-LM]
2.3.1. Figure 7 (Figure 7.pdf): Video editor: Emphasize the red line and ‘0°’ in the top image of 7B, which shows the angle assigned to that image, and the x-axis title and values in the graph at the bottom of 7B (‘Image Angle (degrees)’).
2.3.2. Figure 7 (Figure 7.pdf): Video editor: Emphasize the graph in 7B and highlight the peaks in the line of red squares (at about 45° and 135° on the x-axis). The peaks show an overestimation of the width when the perinexus is oriented at those angles.
2.3.3. Figure 7 (Figure 7.pdf): Video editor: Please continue emphasizing the graph and highlighting the peaks in the line of red squares. Also, highlight the dips in the blue and purple overlapping lines at about 45° and 135°, which show an underestimation of the width at those angles.
2.3.4. Figure 7 (Figure 7.pdf): Video editor: Emphasize 7A and fade the non-starred white boxes to black with white outlines (i.e., showing only the starred white pixel on the black background; see 7a example.pdf) After a moment, fade the non-starred white boxes back in as a visual representation of the dilation patterns outward from the starred box.
2.4. Trigonometric (trih-guh-nuh-meh-trick /ˌtrɪ gə nəˈmɛ trɪk/) correction produced results [1-LM] strongly correlated with [2-LM] images rotated to orient the perinexus horizontally. [3-LM] The algorithm was validated for different spatial resolutions, reference units, and [4-LM] image sizes. [5-LM]
2.4.1. Figure 8A (from Figure 8.pdf): Video editor: Please add the caption ‘See text for equations’ and retain this caption while Figure 8A is shown. For this voice-over segment, highlight the y-axis title of the graph (Corrected W͞p (nm)) and emphasize the top left image. These represent the corrected values for the images at the original orientations.
2.4.2. Figure 8A (from Figure 8.pdf): Video editor: Emphasize the black diagonal line in the graph and highlight the ‘R2 = 0.9901’ text, which shows that the linear relationship depicted by the black line is a good match for the data points.
2.4.3. Figure 8A (from Figure 8.pdf): Video editor: Emphasize the x-axis title of the graph (Rotated W͞p (nm)) and the lower left image. These represent the rotated images/values.
2.4.4. Figure 8B (from Figure 8.pdf): Video editor: Please add the caption ‘See text for spatial resolution validation’ and retain this caption while Figure 8B is shown. During “reference units”, emphasize the ‘pixels/mm’ and ‘pixels/in.’ text in the left image, which show that the two phantoms are referenced to different length units.
2.4.5. Figure 8B (from Figure 8.pdf): Video editor: Emphasize the arrows above and below both white-outlined rectangles in the left image, along with the ‘125.5 mm’ and ’10 in.’ text. These labels are for the actual width of the rectangles in the ‘phantom’ images.
2.5. Both experienced and [1-LM] inexperienced users [2-LM] traced the outline faster [3-LM] than they manually segmented the image, [4-LM] and the automated process had significantly greater spatial resolution. [5-LM]
2.5.1. Figure 1 and Table 1 (Figure 1.pdf and Table 1.xlsx): Video editor: Please add the caption ‘Observer 1: Experienced, Observer 2: Inexperienced’ to Table 1. Please retain this caption while Table 1 is shown. During “experienced”, highlight the ‘Obs. 1’ text in the top entry in the leftmost column.
2.5.2. Figure 1 and Table 1 (Figure 1.pdf and Table 1.xlsx): Video editor: Highlight the ‘Obs. 2’ text in the middle entry in the left column of Table 1.
2.5.3. Figure 1 and Table 1 (Figure 1.pdf and Table 1.xlsx): Video editor: Highlight the top two data cells in the ‘Automatic’ column of Table 1 (44 ± 14 and 30 ± 5), which show the average times it took the test users to draw the outlines. Also, please emphasize the white line in 1B, which shows the traced outline of the perinexus.
2.5.4. Figure 1 and Table 1 (Figure 1.pdf and Table 1.xlsx): Video editor: During “manually…image”, highlight the top two data cells in the ‘Manual’ column of Table 1 (205 ± 11 and 248 ± 18), which show the average times it took the test users to manually segment the image. Also, please emphasize the white lines in 1A (the manual segmentation).
2.5.5. Figure 1 and Table 1 (Figure 1.pdf and Table 1.xlsx): Video editor: Emphasize the bottom cell in the ‘Automatic’ column (‘3.45’, showing the spatial resolution of the automated process).
2.6. Experienced and inexperienced observers accurately identified [1-LM] significant differences in perinexal width between patients [2-LM] with and [3-LM] without pre-existing atrial fibrillation (ey-tree-ul fih-bruh-ley-shun /ˈeɪ triː əl ˌfɪ brəˈleɪ ʃən/). [4-LM]
2.6.1. Figure 9A (from Figure 9.pdf): Video editor: Please add the caption ‘Observer 1: Experienced, Observer 2: Inexperienced’. Please retain this caption while Figure 9 (both 9A here and 9B later) is shown.
2.6.2. Figure 9A (from Figure 9.pdf): Video editor: Highlight the brackets and asterisks above each pair of bars. The asterisk is a marker that the differences are significant.
2.6.3. Figure 9A (from Figure 9.pdf): Video editor: Emphasize the two black bars, which show the widths for images from patients previously diagnosed with atrial fibrillation.
2.6.4. Figure 9A (from Figure 9.pdf): Video editor: Emphasize the two white bars, which show the widths for images from patients that were not previously diagnosed with atrial fibrillation.
2.7. These observers also accurately identified no significant difference between absolute gap-junction widths in the same population. [1-LM] The perinexal and gap junction widths were consistent with previous reports. [2-LM]
2.7.1. Figure 9B (from Figure 9.pdf, retaining the caption from 9A as above): Video editor: During “no significant difference”, emphasize the ‘n.s.’ above each bracket, which indicates that any differences observed were not statistically significant.
2.7.2. Figure 9 (Figure 9.pdf, retaining the caption from 9A/9B): Video editor: Add the caption ‘21.9 ± 2.5 nm’ to the left black bar in 9A, the caption ‘18.4 ± 2.0 nm’ to the left white bar in 9A, the caption ‘22.1 ± 2.8 nm’ to the right black bar in 9A, the caption ‘20.1 ± 2.6 nm’ to the right white bar in 9A, the caption ‘20.5 ± 2.5 nm’ to the left black bar in 9B, the caption ‘20.3 ± 1.9 nm’ to the left white bar in 9B, the caption ‘21.0 ± 3.1 nm’ to the right black bar in 9B, and the caption ‘20.0 ± 2.2 nm’ to the right white bar in 9B. (These are the average widths and errors depicted in the bar graphs.)
3. Conclusion (Said by you on camera. Don’t forget to smile!)
3.1. [bookmark: _Hlk513366547]Tristan Raisch: While attempting this procedure, remember to take your time with the outline, as even small deviations from the membrane can produce substantial errors at this scale.
Video editor: Please use footage from step 2.5, which shows the outline being drawn.
(Author Comment: Additional screen capture footage provided.)
3.2. Tristan Raisch: Generally, individuals new to this method struggle because they’re unfamiliar with the structure they’re measuring or they’re unsure how to troubleshoot issues such as start point identification or centerline deviation.
3.3. Tristan Raisch: Seeing this image processing method performed is critical as perinexus identification and algorithm troubleshooting are difficult to learn without it, and we want to ensure that we’re measuring what we say we’re quantifying.
3.4. Tristan Raisch: This technique paves the way for researchers in the field of cardiac health to explore higher-resolution quantification of many levels of cardiac function, from nanoscale extracellular spaces to clinical determination of ventricular efficiency or dysfunction.
3.5. Tristan Raisch: Though this method was demonstrated with electron microscopy images, it can also be applied to other imaging techniques, such as cardiac echocardiography, to more precisely quantify the mechanical function of the heart.
3.6. Tristan Raisch: This method may find applications in any imaging field because the program can measure the space between two defined edges if the scale is set appropriately and the edges are nearly parallel.
[bookmark: ProvidedMedia]
PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .pdf, .tiff, .png, .eps, .ai, .psd
Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs.

To generate a vector (.pdf) file from a graph prepared in Excel or similar software, move the graph to its own sheet and save the sheet as a standard .pdf file.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17784903

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. Tubes, glassware, and plates should be clean, dry, and neatly labeled. 

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if a step takes more than 5-10 minutes, you will continue the demonstration with the pre-made product of that step. Therefore, if your procedure has long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Individual shots may be filmed out of order to allow a longer process to finish. If your procedure has a long delay between sample preparation and the experiment itself, you may need to film the experiment before filming sample preparation. Please clearly mark shots or steps that you wish to film out of order in the script.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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