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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
Can you record movies/images using your own microscope camera? (N/A)
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. 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.

3. Which steps from the protocol section below are the most important for viewers to see? 
All the steps will be screen capture steps.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The critical aspect is to ensure that electrical or calcium data is processed properly, according to the duration of the action potential/calcium transient and according to the camera and acquisition specifications. Default settings are for mouse atria but the user will have to change the signal and image processing settings to fit their camera and data. Steps 2.7, 2.8 and 4.1

5. Will the filming need to take place in multiple locations? (Y)
If yes, how far apart are the locations? Within 50 m of each other, on the same floor. 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera):

1.1. Dr. Davor Pavlovic:  The use of multi-array and optical mapping technologies in cardiac research is expanding however, the lack of high-throughput open source flexible software platforms to process, analyze and map EP data is lacking. This is why we have developed the software, ElectroMap, to help researchers with their analysis [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Dr. Andrew Holmes:  ElectroMap incorporates new and established methods to analyze cardiac mapping data, acquired from any species, multiple cameras, different fluorescent dyes and different acquisition modalities, including optical mapping and multi-electrode array systems [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera):
[AUTHORS: For this section, script guidelines permit one additional statement per author. Therefore, some statements have been edited out.]

1.3. Christopher O’Shea:  In addition to measuring standard EP parameters such as action potential duration, conduction velocity and calcium transient morphology, ElectroMap enables analysis of proarrhytmic phenomena like alternans and quantifying arrhythmic activity. [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Section - Protocol
2. Running ElectroMap & Pre-processing 

2.1. [bookmark: _GoBack]Begin by downloading all files from the latest ‘source code’ release of ElectroMap from the GitHub repository [Added Shot]. Unzip the downloaded contents to a desired location [1-TXT].

Added Shot: Talent walks up to Lab PC and sits down.
2.1.1. SCREEN: 
TEXT: https://github.com/CXO531/ElectroMap
NOTE: Video Editor: According to videographer notes the added shot was for section 2.2
2.2. Open MATLAB and navigate to the folder location hosting the ElectroMap source code. Then, open the file ElectroMap.m and press run in the editor to start the ElectroMap user interface [1].
2.2.1. SCREEN: 

2.3. Next, to loading the image, press Select Folder and navigate to the location of the data file(s) to be analyzed.  Select file to be loaded from within the interface and press Load Images [1].
2.4. SCREEN: Press Select folder, and show the left-hand listbox with all files within that directory that are of the correct file type. Select a .MAT file, and press Load Images. 

2.5. Once loaded, the first frame will appear, and the red outline will indicate automatic thresholding of the image. If desired, modify this to a threshold based to the signal time course amplitude by changing the option in the Image for threshold dropdown menu. Note, that once the thresholding is selected, it is then applied for the whole image stack [1].

2.5.1. SCREEN: show red outline of image. Modify by changing the option in the image for threshold dropdown menu.
2.6. If desired, change the threshold option to manual, which will activate the slider to manually adjust the image threshold. Additionally, crop images for analysis by selecting the appropriate tick boxes below the threshold options. Note that advanced options for region of interest selection such as number of areas are available from ROI Selection from the top menu [1].
2.6.1. SCREEN: Change threshold option to manual. Select ‘crop image’ and crop the image. Select appropriate tick boxes. Click on ROI selection. 

2.7. Once an appropriate threshold has been applied, press Process Images to apply processing. At this point, ensure that that the correct camera settings have been entered, for Pixel Size in µm and Framerate in kHz, and Signal processing options such as window timeframe, spatial and temporal filtering  [1]. 

2.7.1. SCREEN: Press process images. Show settings for pixel size and framerate. 

2.8. After the file has been processed, inspect the peaks in the tissue average signal labelled by red circles. Segment the signal based on detected peaks. Press Segment Signal.  Then, apply custom segmentation of the signal by zooming in on a time of interest and selecting Segment Signal [1].

2.8.1. SCREEN: Show peaks on screen labeled by red circles. Segment signal even further by pressing Segment Signal. Zoom in on time of interest and select segment signal. 
2.9. After the images have been processed, the Produce Maps button will become active. Press Produce Maps to apply action potential duration, activation time, conduction velocity, and signal to noise ratio analysis. Select the desired segments from the list-box to apply the analysis to each  [1].
2.9.1. SCREEN: Press produce maps.  Show list box and select desired segments. 

2.10. Next, select Get Pixel Info to see a detailed display of the signal from any pixel within the image, and Compare Pixels to simultaneously plot signals from up to 6 locations [1].

2.10.1. SCREEN: select get pixel info, and then select compare pixels. 
2.11. To access more detailed analysis of conduction velocity, press Conduction.  Then, press Single Vector to analyze conduction using the single vector method, where the gradient vector is calculated from the delay in activation time between two points [1].
2.11.1. SCREEN: 

2.12. Finally, press Local Vector to apply the multi vector method, with the settings matching those from the main interface. Press activation curve to plot the percentage of tissue activated as a function of time [1].
2.12.1. SCREEN: Press local vector. Display the distribution of conduction speeds, as well as the angular distribution of calculated vectors and angular dependence of conduction speed. After plotting the activation curve, show time to 100% activation in display. 

3. Additional Analyses & Exporting Data
3.1. To quantify other parameters using ElectroMap [Added shot], select one of the 4 desired analysis from the dropdown menu above the display map [1].
Added Shot: Click on different analysis maps.
3.1.1. SCREEN: Show 4 options for analyses in menu. 
NOTE: Video Editor: According to videographer notes the added shot was for section 2.12

3.2. Press Single File Analysis to open a dedicated module for high-throughput duration and conduction analysis of each identified segment in a file. Perform the analysis on either the whole image or on selected regions or points of interest [1-TXT].

3.2.1. SCREEN: - Press Single File Analysis to open a module for analysis of each segment. 
TEXT: Output results to a .csv file.
3.3. To export data from ElectroMap, press Export Values to save the values of the currently displayed map in the main used interface. Then, press Export Map to bring up a pop-up containing the currently displayed map, which can then be saved in a variety of image formats. If desired, add a color bar by selecting Export Map from the top menu. Set the scale by selecting Edit, then Colormap [1].
3.3.1. SCREEN: Press export vales, then export map. Add a color bar by selecting Export Map from the top menu. Set the scale by selecting Edit, then Colormap. 
3.4. Finally, Press Activation Video to render an animation of the activation sequence, which can be saved as an animated .gif file [1].
3.4.1. SCREEN: Press Activation Video, and show animation file. 





Section – Results
4. Results: ElectroMap offers a multitude of processing options to help improve the SNR of optically recorded signals.
4.1. This shows the action potential morphology of the murine atria when compared to the guinea pig ventricle, recorded using voltage sensitive dyes as previously reported.  Despite the distinct shape of the action potential, and the use of two separate optical mapping cameras with different framerates and pixel sizes, ElectroMap can be utilized to successfully analyze both datasets [1].
4.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight ‘mouse’ and ‘guinea pig’ on top. When ‘action potential’ is mentioned in the VO, highlight the black trace in each graph. 
4.2. The application of ensemble averaging, in lieu of other methods, can improve SNR from isolated murine left atria [1]. A change of pacing frequency from 3 Hz to 10 Hz did not alter APD, when no ensemble averaging is undertaken, yet an expected decrease in APD at 10 Hz pacing was observed when measured from ensemble averaged data [2].
4.2.1. LAB MEDIA: Figure 3A-C. Video editor: Display A, B, and then C, one at a time. 
4.2.2. LAB MEDIA: Figure 3E. Video editor: Show graph for 1 beat, followed by graph for 10 beats. Highlight ’10 beats’ text. 
4.3. Further, mouse left atria were paced at a 120 ms cycle length and cycle length was incrementally shortened by 10 ms until it reached 50 ms. ElectroMap automatically identified the pacing cycle length and grouped tissue averaged peaks accordingly [1]. APD and diastolic interval [2] shortened. Amplitude of the optically measured peaks decreased [3], while time to peak increased [4].
4.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight each color block one at a time during voiceover. 
4.3.2. LAB MEDIA: Figure 4E & 4F. Video editor: Display both graphs side by side. 
4.3.3. LAB MEDIA: Figure 4G
4.3.4. LAB MEDIA: Figure 4H



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Dr. Andrew Holmes:  This protocol shows how you can install and setup the settings in Electromap to quickly analyze APD, conduction velocity, beat to beat variability, and how to ensemble average to improve signal to noise ratio [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Dr. Davor Pavlovic:  We hope that the release of this freely available software will enable more research into cardiovascular disease and lead to some major discoveries in this research area using mapping technologies [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Christopher O’Shea:  We will continue to build on the algorithms we developed, and we encourage others to help us further expand ElectroMap capabilities [1].

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.   
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