	
Dear Editor/Reviewers, 
We thank you all for your time and effort in reviewing our manuscript and the accompanying software. Please find below our responses to specific points raised, in blue. Modifications made to the manuscript are quoted and shown in italics. We have submitted a revised manuscript “JoVe resubmission Final” but we also provide a version of the manuscript in track mode “JoVe resubmission track mode”.  
Editorial comments:
General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

Protocol:
1. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible.
We have now addressed this throughout the manuscript. 
2. For each protocol step, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.

Specific Protocol steps:
1. 3.4 substeps: It’s a bit unclear what ‘Signal Inversion’ etc. are–settings in ‘Process Images’? Please clarify.
Sorry, this was unlcear. Yes, these are the settings under the heading ‘Process Images’. Step 3.4 has now been revised to clarify this, see below and page 4, lines 164-168.
“4. Once an appropriate threshold has been applied, press ‘Process Images’ to apply processing. Settings for processing are detailed below (3.4.1-3.4.5).”
Figures:
1. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account.
Permission to reuse figures has been received, and this information has been uploaded in the document ‘Scientific reports permission.docx’

2. Figures 1, 2, and 4L Please include a space between numerals and units; e.g., ‘200 ms’ instead of ‘200ms’.
Figures have been updated as requested. 

References:
1. Please do not abbreviate journal titles.
Reference list updated as recommended.

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.
Software was developed in Matlab as specified in the manuscript.

[bookmark: _GoBack]Your manuscript, JoVE59663R1 "High-throughput analysis of optical mapping data using ElectroMap: A Matlab based open-source software.," has been editorially reviewed and the following comment needs to be addressed: There is a 'Table 1' mentioned in the manuscript (at the beginning of the discussion), but no such table has been included in the submission. Can you send that to me at this address (or edit the reference out if it's not supposed to be there)? 
This has now been corrected. 



Reviewers' comments:

Reviewer #1: 
Manuscript Summary:
The manuscript includes software for the analysis of optical mapping videos and a protocol describing the use of the software.

Major Concerns:
The title contains "open source software", suggesting that it is immediately available to everyone. Nevertheless, the software is written in Matlab, a commercial software, which is not necessarily available to every researcher and not very widespread among researchers in the life sciences. I would therefore suggest to include "Matlab" in the title, i.e. "… Matlab based open source software", see also "MultiElec: a Matlab based application for MEA data analysis" by V. Georgiadis et al.
We agree that the title should be edited to reflect the fact the software platform is Matlab based. The title has now been updated, see below.
“High-throughput analysis of optical mapping data using ElectroMap: A Matlab based open-source software.”
Please note that for users that do not have access to MATLAB, we also provide a standalone .exe version of the software at https://drive.google.com/open?id=1nJyI07w9WIt5zWcit0aEyIbtg31tANxI. This can be run without owning MATLAB license, and instructions for using this are outlined in the section 2 subsection ‘Setup 2: Standalone .exe file’ (page 4, Lines 132-141).   

Furthermore, the title contains "high-throughput". The authors should specify what they mean by "high-throughput" as Matlab is relatively slow in comparison to other languages such as for instance C/C++.
Our main objective is to make a ‘high-throughput’ software with a graphical user interface-platform that is flexible and allows batch processing of entire experimental files. In addition, we have compared our software to previously published algorithms and shown substantially improved processing speeds1. This is combined with automated pacing frequency detection (Figure 4), a range of signal segmentation options (Section 4) and functionality for automated analysis of entire datasets (Step 7.2). It is correct that migration of the software to languages such as C/C++ would further enhance computation speed, and so is an attractive next step in development, however we believe the current developments made within the software justify the use of ‘High-throughput’.   

The abstract should mention that the toolbox can only be used to process video data obtained with uncoupled hearts.
We agree that for fully accurate analysis of repolarisation/decay in optically mapped datasets mechanical uncoupling is required. However, we do not feel that this should be added to the abstract. Activation analysis can still be performed in large areas of tissue where contraction persists (Figure 5). Additionally, although not the focus of the current manuscript, we have utilised ElectroMap for analysis of virtual electrogram signals acquired in vivo from freely beating hearts1. 

The use of the software is not easy and the protocol should be improved to make it easier for beginners. All necessary source code was provided on GitHub. Downloading and running ElectroMap worked as described (in this case using Matlab 2017b). Also, loading one of my own .mat files containing an optical mapping video worked fine, the first video frame was segmented automatically after loading. However, from there on things got tricky. The user interface is quite elaborate and not easy to understand with limited time (1 hr). I would therefore suggest to include screenshots showing the buttons and tasks described in the different steps in sections 3.3ff. Two example files were provided. I would suggest to mention this in section '3. Image loading' and then advice users to perform all following steps using these files. For instance: 1. Load file 'xyz' (by doing …). 2. Perform pre-processing to obtain a specific goal (i.e. remove noise) by clicking here and there (with screenshot), etc. Walk users through a step-by-step tutorial. With the way the protocol is written at the moment it is a bit difficult to understand the structure of the software and the intentions of the analysis, and I believe a step-by-step tutorial with screenshots illustrating each step would decrease the learning threshold quite a bit. I would therefore suggest to revise the protocol accordingly.
We agree that a step by step guide including screenshots, for section 3, is a useful resource. Step-by-step guide (with screenshots) is now available for download, named as ‘ElectroMap Basic Analysis and Mapping Workflow.pdf’, at https://github.com/CXO531/ElectroMap. 

Overall it seems that the software was designed for very specific tasks, i.e. APD, activation time and conduction velocity measurements during regular cardiac activity and an analysis of alternan activity. While the first ones are very general tasks, the latter is very specific. However, there are other very general tasks that seem to be missing: analysis of arrhythmias, i.e. phase singularity detection and tracking. I would suggest to highlight this focus in the introduction and mention what the software offers and does not seem to provide.
ElectroMap has been designed to calculate and map a multitude of EP parameters, including: APD, activation time, amplitude, diastolic interval, dominant frequency, time to peak, signal to noise ratio and relaxation constant. It also contains standalone modules for calculation of conduction velocity using a number of methodologies, and further modules for regional AP/CaT interrogation/comparison and calculation and mapping of alternans.  
We agree that phase singularity detection and tracking as well as several other functionalities/features (dual/ratiometric dye processing and motion artefact correction) would be valuable additions to the software, and now highlight this in our discussion, see pages 13-14, lines 568-578.
[bookmark: _Hlk1587288]“At present, ElectroMap does not support removal of motion artefacts from raw data in the same manner as baseline correction.  Therefore, a possible future development of the software is inclusion of motion artefact removal by computational methods as has been reported2,3.  Furthermore, ElectroMap is currently limited to study of one optical signal. However, for ratiometric dyes and simultaneous use of voltage and calcium dyes4, concurrent processing of two wavelength channels is required. The integration of dual signal analysis is therefore an important future addition to the software. Extension of analysis options applicable to arrhythmic datasets, such as phase singularity tracking, would equally broaden the scope of the software5,6.  

It was not possible for me to find out whether the software can play the (raw or processed) videos. This is quite an essential functionality and should be available immediately when aiming to analyse optical mapping data. If not present, I would suggest to implement a play button. It seems that currently videos can only be played after they were exported from Matlab.

We agree! This would be an extremely useful feature and we will add to future releases. Raw videos can be exported from the software by pressing ‘Raw Videos’ once datasets have been processed, but as suggested are not immediately available to the user within the interface which would be beneficial. 
I would also suggest to simplify the graphical user interface.
On this point, we would like to emphasise that processing, analysis and mapping of optical mapping data requires understanding of the multitude of processing options and hence we do not advocate hiding these essential user-modifiable parameters. Making these options immediately available and modifiable rather than hidden, combined with the ability to save settings for future use, aids understanding of the effects these parameters have on quantification of optical mapping datasets.     

Reference 20 is not yet published and can not be evaluated. In line 84 the authors write "We have recently published and released a comprehensive software platform." citing 20. Access to this publication would be crucial for the evaluation of this manuscript.
This reference (13 in updated manuscript) has now been published (O’Shea et al 2019, Scientific Reports. 9:1389)1

Overall, the software can certainly be very useful to some researchers, but it is not very versatile and provides only very specific functionality.

Minor Concerns:
The references provided regarding optical mapping seem a bit arbitrary. Standard literature is not mentioned.
Reference list has now been expanded, and we believe currently gives a good overview of optical mapping, its use in a wide variety of experimental preparations and processing and analysis of optical mapping datasets. 
We thank the reviewer for helping to improve the manuscript and are happy to take suggestions from the reviewers and editor if they feel any other particularly pertinent literature is currently missing. 

The references should include Laughner et al. "Processing and analysis of cardiac optical mapping data obtained with potentiometric dyes."
We apologise for this omission, we completely agree that this is an essential study and have now added the reference as suggested.

In line 75 the authors write: "To overcome these limitations, several research groups have designed custom processing pipelines tailored towards their experimental model, question and hardware7." and provide only 1 reference. Ideally references to these several research groups would be provided here. It is also not clear how the work in reference 7 relates to the statement and the entire paragraph, do they provide algorithms?
Further examples of the use of custom algorithms have been added (see references 7 and 14-16). 
The point that we tried to make is that, many groups will have designed tailor-made algorithms to be used in-house and not necessarily shared. Indeed, in the questioned reference (Reference 7, Yu et al 2014 Prog Biophys Mol Biol. 115(2-3):340-8.), algorithms are developed for analysis of optical mapping data from isolated murine atria. These algorithms were custom made for a newly designed setup, tailored towards murine atria and the code/software to perform this analysis was not freely provided. 


Reviewer #2:
Manuscript Summary:
In their manuscript O'Shea et al. provide a detailed protocol for using the recently developed open-source software platform ElectroMap, which was designed for analyzing cardiac optical mapping data. The software package allows for high-throughput analysis of action potential frequency and beat-by-beat variability as well as automated signal averaging. Custom modules furthermore enable quantification of conduction velocity and alternans. The manuscript is very well written and provides step-by-step guidance for data analysis, including installation of the software, data processing, use of specialized analysis tools and data export functions. The manuscript also includes a short section wherein current limitations of the software are explained.
We thank the reviewer for their positive remarks about the manuscript and associated software. 

Major Concerns:
The reviewer does not recognize any major concerns regarding the provided protocol.

Minor Concerns:
The cross references to other steps in the protocol are sometimes misleading. For example in point 3.2 the sentence "In this case, please skip step 3.1" is not clear to me. Are steps and sections on the same level of hierarchy? If possible, it might be useful to not have a step/option 3 under 3, but to use 3.3 instead, and 3.4.1 for the lowest level.
Thank you for spotting this error. This should indeed read ‘In this case, please skip step 3.3’ and has been updated (page 4, Line 153).

Point 3.4.1: Is there an option to process ratiometric data at all? This might be a very useful option. If currently not possible, it would be nice to mention this option when discussing current limitations.
At present, ElectroMap is setup for only one optical signal and so cannot process ratiometric signals unless the data has already been collapsed. We agree that analysis of these datasets, and others comprising of multiple optical signals such as dual voltage-calcium dye experiments, would be very useful and is part of our current and future developments. We have therefore expanded our discussion on the addition of these features to the software, see below and page 14, lines 570-573.    
“Furthermore, ElectroMap is currently limited to study of one optical signal. However, for ratiometric dyes and simultaneous use of voltage and calcium dyes4 concurrent processing of two wavelength channels is required. The integration of dual signal analysis is therefore an important future addition to the software.”  
Point 3.4.1: "optically paced datasets". You may want to add a sentence on combined optical mapping and optogenetic activation in the introduction, since many readers might not be familiar with the concept of optical pacing.
We agree! Introduction (page 2, lines 74-77) and subsection 3.4.5 has now been expanded to briefly introduce the concept of optogenetic pacing to the reader (page 5, lines 194-197), and a further reference to these techniques has been provided. 
Point 5.4: APD start time: How is this defined? Could one use dV/dt max as a start time for APD calculations? Please further explain.
APD start time can be set to one of four options, and dV/dt is used as default within the software. We have now expanded point 5.4 to make this clear, see below and page 7, lines 268-272. 
‘APD’ Start time - Start time for duration measurements.  These are the same options for deciding the activation time for isochronal maps (discussed below) and are termed: Start (d2F/dt2max), Upstroke (dF/dtmax), Depolarisation midpoint (time of 50% amplitude), Peak (time of maximum amplitude). These definitions applied to mouse and guinea pig action potentials are shown in Figure 2A.  
Figure 1A: Please provide a high-resolution image. 1D: Please label quantified parameters (blue, green, red) on right hand side. Please also ensure aligned labels and line width of scale bars for all figures.
This has now been implemented.

Figure 2A: The peak (green cross) is shown in legend, but not labelled in the AP data.
We have now labelled the peak as advised. 

Figure 3: Do the shown AP traces represent beats for the entire image and if yes, are the time courses for each pixel aligned to the time point of peak amplitude? Please add an explanation to the figure legend.
The peaks represent a single pixel data, and this is now clearly stated in the legend of Figure 3. 

Figure 4A: Could you please show a screenshot wherein the unit (ms) is fully visible for the cycle duration? 4B: Please correct: Cycle Length on both axes.

This has now been done. Many thanks for spotting and we would like to thank you for the suggestions to improve the quality of the figures.

Reviewer #3: 
Manuscript Summary:
O'Shea et al. propose a software user interface for the visualization and analysis of universal optical mapping data. The software is based on the Matlab platform and offers an open-source dissemination of the code. Installation and code-access promise to be easy and transparent. The software boasts an array of analyses options that mark clear experience of the creators in optical mapping. The manuscript however requires some clarifications and transparency are however needed concerning the software functions and modules during post processing and analyses for the lay user that would not be familiar with the code itself. These concerns are detailed below.

Major Concerns:
Currently lacking is a detailed description of each function. Information lacking throughout includes descriptions of whether post processing occurs on a pixel-by-pixel basis or considers the whole frame, which functions implement inbuilt Matlab functions and which are custom built. A point-by-point section describes the specific questions raised:
We thank the reviewer for their comments, the technical description of the functions is presented in our manuscript published recently (reference 13 in updated manuscript, O’Shea et al 2019, Scientific Reports. 9:1389) whereas this present manuscript focuses on the use of the software. Regarding post-processing on a pixel-to-pixel or whole image basis, this is now stated. For example, with baseline correction (4.3). Alignment for ensemble averaging (discussed further below) is currently based on peak in the whole tissue signal. All other post-processing is performed on each individual pixel independently. 

Line 146 : Please clarify the thresholding applied. Is this a simple intensity cut-off or related to the amplitude of signals ? If based on background intensity, does it suppose that the first frame occurs during rest ? Is the same resultant mask then applied throughout the whole acquisition ? Or is this recalculated for each frame?
Apologies for not making this clear. There are two options for application of thresholding. The default option is based on the pixel intensity of the first frame, but the user can instead choose to threshold based on the time-course signal amplitude. We have now expanded step 3.2 to makes this clearer, see below and page 4 lines 153-156. Please note that once the thresholding is selected, it is then applied to the whole image stack.
“As default, thresholding is based on the pixel intensities in the first frame. However, this can be modified to threshold based to the signal time course amplitude by changing the option in the ‘Image for threshold’ dropdown menu. Please note that once the thresholding is selected, it is then applied to the whole image stack.”

Line 154 : Is there a prompt to complete this important step ? The complex interface layout does not otherwise make this a clear and necessary step. It is also not clear why thresholding and applications of ROI functions require either the spatial or temporal resolution to complete these computations, which should only require the image pixel coordinates, when considering these raw functions alone ; hence the suggestion to include some kind of prompt.
We thank the reviewer for detailed feedback on the current software. This is a first release version that we hope to continue to improve now that it can be utilised by a wider audience, and such feedback is invaluable to help us achieve an improved software. 
There is not a prompt for this step currently. However, the ‘Process Images’ button is greyed out until the point where the images have been loaded, and ‘Produce Maps’ button does not become active until the images have been fully processed.  We also provide a user manual at https://github.com/CXO531/ElectroMap. 
The reviewer is correct, spatial or temporal resolution is not required to use the ROI functions which are applied by selecting ‘Load Images’ (Steps 3.2 to 3.3). The need for correct resolution input is first mentioned in point 3.4 which pertains to selecting ‘Process Images’ once the ROI has been selected.  

Line 169 : I would have expected top-hat filtering in the temporal domain to be considered a filtering or smoothing function, rather than baseline correction. I am assuming that the kernel is relatively short (extending over 3-9 frames).
The use of the terms ‘Top-hat filtering/filter’ in this section was indeed misleading, and hence the phrasing has been modified to refer to ‘Top-Hat correction’ or ‘Top-Hat Kernel’. For the purposes of baseline correction, we apply a long kernel length and subtract the resulting trace. We have previously shown how this method can be effective compared to polynomial based techniques7. Section 4.3 has been updated to improve clarity on this point, below and page 5, lines 179-184.
“4.3 Baseline correction: Top-hat8 or polynomial (4th or 11th degree) correction9. Correction can be applied to each pixel individually (long processing time) or as an average of the entire image (quicker but assumes homogenous baseline alterations).  Top-hat correction can also be modified by setting the ‘Top-Hat Length’ in milliseconds, adjacent to the baseline selection dropdown menu. The length of the Top-Hat kernel should be greater than the timescale of the individual action potentials/calcium transients.”    
Figure 1 shows examples of filtering applied, but no details are given in the figure or legend to explain which filtering options were applied or the history of processing to each trace.
Filtered traces shown in Figure 1 are for demonstration purposes only to show the functions that can be applied on selecting ‘Process Images’ within ElectroMap, and hence full details of particular filter options used here (chosen from the interface) are not included. We have, however, modified the Figure 1 legend to help clarify a number of processing options.  

Line 179 : Removing frames leads to a non-regular grid of the image array. How is this handled for the subsequent processing steps?
To minimise effects of discontinues, all the ‘removed frames’ are replaced with the frame immediately preceding the section that has been removed. However, although preventing discontinues in the signal, this procedure can still lead to step-like changes in intensity at the end of the removed sections. Hence, where possible, temporal filtering is not advised in this case as now highlighted in the text (below, and page 5, lines 195-197). 
“NOTE: As frame removal will potentially introduce unphysiological step changes into the image signals, temporal filtering may introduce artefacts to the data and so is not recommended here.”

Line 190 : References to traces should indicate which figure they are referring to or if it is a general comment directed to the software interface layout.
This trace is now referenced (below and page 5, lines 205-206). 
“1. Once the file has been processed, peaks in the tissue averaged signal (bottom right trace, Figure 1A) are detected and labelled by red circles.”

Line 190 : Using signal peaks for AP alignment will be robust for APs of small rodents, but the peak is not always so definitively in the same moment during the AP of large mammalian tissue whereby the peak often lies during the plateau phase or close to the square-off upstroke peak as in the guinea pig AP in figure 2. Are other approaches available ? If not, a limitation should be stipulated.

We agree! Alignment based on the whole frame peaks will not always be ideal. We are currently working on updating the software to include the alignment based on dv/dt and from specific regions of interest. We are working on optimising these features and will implement this in future releases.  

Line 188 section 4. Are all data segmentation and ensemble averaging functions applied on a pixel-by-pixel basis, or do functions treat the frames as a whole ?
We agree that the ability to apply these features on a pixel to pixel basis would be beneficial, and we plan to implement this in future release.   

Line 250 : The parameter term « Duration » is misleading for a parameter that defines the percentage of repolarization. Duration is not even directly measured from this value, which is actually repolarization time. As it must first be subtracted by the activation time to obtain duration.
As the software allows activation time to be set at peak (max depolarisation point) but also dv/dt, depolarisation midpoint as well as d2v/dt2, we decided to use the term ‘Duration’ rather than repolarisation. In other words, depending on APD start time chosen, the measured APD will consider sections of both the depolarisation and repolarisation phases of the action potential. Furthermore, the software can be used to measure both voltage and calcium signals, making ‘Repolarisation %’ misleading, in our view. 
Part 3 of additional analyses and modules : If I understood correctly, a type of measure missing concerning alternans refers to APD alternans. Here, the APD is typically measured and compared between odd and even beats. This allows for assessment of the spatial distribution of alternans and their concordance/discordance.
Apologies for not making this clear. APD alternans are already measured within our software (see Figure 7 and Supplementary Figure VII in O’Shea et al 2019, Scientific Reports. 9:1389)1.  APD alternans are detailed in section 3.1 of ‘Additional analyses and modules’. We have now expanded this section to give more detail of these measurements, see below and page 9, lines 373-379.
“3.1. Duration alternans are measured by comparing the duration measurement from one peak to the next. I.e. if peak one and two and APD1 and APD2 respectively, then the duration alternan (ΔAPD) is calculated as
          							   (3).
The duration measurement is performed using the settings in the main interface.”
 
Line 417 : It is reported that part of ElectroMaps flexibility includes camera type. Yet this is never explained. Does this mean, for example, that the software can handle differing image dimensions, resulting from various camera chip pixel sizes (currently available up to 256 pixels in any one direction) and shapes (square/rectangular).
Yes, the software can handle different image dimensions and shapes. We have internally tested and analysed data from the following cameras with varying dimensions and maximal resolutions –
· ORCA Flash 4.0 (cmos camera) – 2048x2048 pixels.
· MiCAM Ultima (cmos camera) – 100x100 pixels.
· Evolve Delta (EMCCD camera) – 512x512 pixels.
· Evolve 128 (EMCCD camera) – 128x128 pixels. 
This has now been explicitly stated in section 1.1, see below and page 3, lines 102-108.
“Provided that data obtained can be converted to a tiff stack or saved in a .MAT file, it should be analyzable using ElectroMap. This includes data of varying dimensions (square/rectangular) and resolutions (maximum tested 2048x2048 pixels).”        

Reviewer #4:
Manuscript Summary:
The paper on ElectroMap is a useful contribution for research investigators analyzing optical mapping data, because of the many measured parameters and data processing options allow the software to examine data from many sources and imaging modalities. Overall, the approach is applied to cardiac data, but is general enough to be useful for mapping data from other excitable cells (e.g., neural data).

Major Concerns:
The paper would benefit by addressing the following points regarding user interface and program operation.

1) The description of the operation of the user interface is incomplete. In particular,
-- the phase mapping and activation points buttons are not discussed.
We apologise, these options are now discussed:
Activation points (page 7, lines 277-280)
“5. Conduction velocity is also measured automatically within the main software interface. This is achieved using the multi-vector method of Bayly et al10 from the isochronal map defined by the chosen activation measure (discussed in 5.4). Press ‘Activation Points’ to render a 3D representation of the activation map.”
Phase Mapping (page 10, lines 408-411)
“4. Press ‘Phase Map’ to initiate the phase mapping module. A hilbert transform is performed to calculate the instantaneous phase (between -π and +π) of the signals at each timepoint. Press play or drag slider to visualize phase behavior over time and click on a pixel to render phase diagram.“

-- SNR options are not discussed.
SNR is now discussed (page 7, lines 299-301).
“9. SNR is calculated as the ratio of the maximum amplitude compared to the standard deviation of the signal at baseline. This analysis is performed post all processing steps. Press ‘SNR calculation’ in the top menu to edit settings for the period of the signal defined as baseline.”   

-- what does "fitting activation" in "isochronal and local conduction velocity" box do?
Fitting activation time input instructs the software to apply local vector analysis to the chosen activation time range. Default is ‘Full Range’ so the analysis is performed on all pixels in the activation map. However, this can be restricted to a custom range of activation times. This setting is now discussed in step 5.6.
“6. The multi-vector conduction velocity measurement method spatially segments the isochronal map into regions of n x n pixels. The value of n can be set by the ‘Local Window Size’ input, while the range of activation times to apply analysis to can be set using the ‘Fitting activation times’ inputs.” 

2) In Figures 3 and 4: what do n values refer to? Recordings or different hearts?
n numbers refer to hearts. This has now been explicitly stated in the figure legends. 

3) Can the data files used to create the figures be provided (e.g., Fig. 3 - mouse atria paced at 3 Hz and 10 Hz; Fig. 4 -decreasing CL)?
Example files from these datasets have been uploaded to https://drive.google.com/open?id=1nJyI07w9WIt5zWcit0aEyIbtg31tANxI. These have been labelled ’10-12.5-3Hz.tif and ‘decreasingCL.tif’ respectively. 12.5Hz pacing was not used for data presented in figure 3.

4) The module for alternans analysis is a key part of the program, please include a figure and data showing such analysis.
We agree that alternans analysis is an important feature. The alternans module has been outlined in detail in our recent publication and we now refer to this in section 7.3 and 7.3.1 (see Figure 7 and Supplementary Figure VII in O’Shea et al 2019, Scientific Reports. 9:1389)1.  

5) The following observations/questions result from analyzing the included atria.tif file with the atria settings, unless otherwise noted:
-- Dominant frequency values appear to be wrong by a factor of 2.
The range for dominant frequency settings in the ElectroMap version on GitHub is automatically set to 4-10 Hz, hence why in your analysis 3 Hz has been excluded. The user can therefore set the range as detailed in section 7, step 1.2. We have now, however, changed the default to 0.5-10Hz in the latest version uploaded on GitHub.    
   
-- Segment video produces an error:
Error using waitbar (line 111)
Improper arguments for waitbar.
Error in ElectroMap>pushbutton17_Callback (line 2605)
waitbar((0.1+0.9*(i/numsec)),wb,'Producing video file');
Error in gui_mainfcn (line 95)
feval(varargin{:});
Error in ElectroMap (line 58)
gui_mainfcn(gui_State, varargin{:});
Error in matlab.graphics.internal.figfile.FigFile/read>@(hObject,eventdata)ElectroMap('pushbutton17_Callback',hObject,eventdata,guidata(hObject)
Caused by:
Error using matlab.graphics.primitive.Text/set
Invalid or deleted object.
Yes, we have also encountered an  error when pressing ‘Segment Video’. Thank you for bringing this to our attention, and we will endeavour to rectify as soon as possible. 

-- Why does a figure appear when remove frames is checked?
-- When analyzing atria data, remove frames creates a notch in the upstroke - why?
The remove frames option is currently designed to remove light pacing peak frames which are assumed to have a much greater amplitude than the signal of interest. The figure shows the peaks that have been identified to be removed. Hence, it is not currently useful in data such as ‘atria.tif’, where no such pacing peaks are present.  This feature will however be expanded in future releases to allow more control over frame removal. 

-- Changing Spatial filtering kernel seems to have no effect, even when switching between "none" and "average" filter with size=90 and sigma=90.
We applied various spatial filters to the atria.tif file and observed changes in the processed signals and resulting APD50 maps, see Figure R1. On changing the spatial filter, ‘Process Images’ was pressed to apply the new settings to the image stack before selecting ‘Produce Maps’ to quantify APD.  
[image: ]
Figure R1: APD50 maps generated from murine left atria following application of spatial filters. A) No spatial filtering. B&C) Average Filtering of 3x3 (B) and 9x9 (C) pixels respectively.  D-G) Gaussian Filtering with varying kernel size and standard deviations (Sigma). 
6) A key advantage of this software is the ability to use it on many kinds of data, including data formats. However, our x-y-t .mat images did not load correctly. Please include an example of .mat data that can be analyzed by the program.
.MAT version of ‘atria.tif’ example file has been uploaded to https://drive.google.com/open?id=1nJyI07w9WIt5zWcit0aEyIbtg31tANxI. Please bear in mind that for use in ElectroMap, .MAT files must contain only one variable, ie. the image stack.  

Minor Concerns:
1) As several suggestions,
-- The ability to display first and 2nd derivatives, as done in Fig. 2, would be useful, as well as a discussion of how these are calculated.
-- it may be better to have diastolic interval use the values in the signal processing box for APD%, activation time, etc. rather than being fixed at APD90.
-- in comparing pixels, it would be helpful for "normalize" to instantly have the effect, rather than having to check it before choosing points.
These are all valuable suggestions and we thank the reviewer for their input. The current version is a first release software, and we aim to explore and add community requested features such as those suggested to the software in future releases. 
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