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Editorial Office of Journal of Visualized Experiments
Dear Editor, 
Herewith we re-submit our manuscript entitled “Visualization and quantification of high-dimensional cytometry data by Cytofast” by Beyrend and colleagues for consideration of publication in the Journal of Visualized Experiments (JoVE60525). 
We addressed the editorial and reviewer comments. 


Reviewers' comments:
Reviewer #1: In this short article, Beyrend et al introduce Cytofast, an R package to visualize results of clustering analyses. Cytofast uses cluster labels per cell and cell x samples relationships as input and can be used to plot heatmaps of clusters' abundances across samples, intensity distributions of markers within a cluster and across conditions, and boxplots of cluster frequencies across conditions. The package doesn't appear particularly new or groundbreaking but may be useful for those with little programming experience. Using Cytosplore in this context (which relies on a graphical user interface) may thus be easier for end-users than using FlowSOM which relies on a command line interface. The paper is easy to follow and one can envision how it can be accompanied by a video. 

Major point:Is the data analyzed in this manuscript published? I think it is crucial to exemplify such an analysis on a public dataset so that readers can download the data and follow and reproduce the analysis on their own workstations. If the data can not be made public for now, I think it would be necessary to choose another dataset.
The dataset will be published in Flow Repository, reference before submitting. 


Minor points:
About cleaning channels: It would be good to show the end-user that may not be very familiar with R how to print the markers' names and to select markers by name. This would also be more informative in the manuscript
A new step has been added to the manuscript to specifically show how to select markers names (See section 2. Equipment and software for the data analysis). 

For FlowSOM clustering, doesn't nClus=20 translate to 20 clusters rather than 10 (used in the code versus the text)? The authors should clarify this point. 
This was a mistake which has been corrected in the manuscript (See section 3.2. Clustering performed by FlowSOM) .

The labels of figures 5 and 6 are misleading. It is the distribution of intensities rather than the median intensity that is displayed. Similarly the corresponding function may need to be renamed
I don't think the package described here is very original or powerful so I don't think that "deep exploration" (used in the discussion) is warranted, since the functions presented here are not doing anything particularly impressive.

These points have been revised in the manuscript 

Reviewer #2

Manuscript Summary

In the manuscript by Beyrend et al, the authors describe use of their recently published R package, Cytofast, to facilitate analysis of mass cytometry data. Overall the text is thorough and will provide an important addition to the field of high-dimensional single cell data analysis.

Major Concerns:
1) It is critical to understand what events were put into the Cytosplore and FlowSOM analyses, as these appear discrepant. In its current form, it appears that Cytosplore uses all events from the original .fcs files, generates clusters at an undefined HSNE level, from which NK cells are selected? In contrast, FlowSOM appears to use pre-gated NK cells. While this is alluded to on lines 224-227, it is currently difficult to understand.
a. If an NK cell cluster was selected from Cytosplore for downstream analysis, clarify by what criteria this was selected. This could readily be incorporated around line 78/79, which refers to tSNE maps being generated at "the desired level". What level of HSNE was selected and how this decision was made?
Cytosplore uses all events from the original .fcs files. Clustering analysis was performed by Cytosplore, using 3 different HSNE levels. NK cells were then defined on the HSNE level 1, where the events were selected to zoom in the next level 2 and 3. Clustering ended to 10 different clusters, which have been exported at the second level. 

FlowSOM used pre-gated NK cells based on CD161+ cells. 

We clarify these points in the manuscript, see section 3.1. Clustering performed by Cytosplore and 3.2. Clustering performed by FlowSOM. 


b. Please clarify whether the analysis presented in Figure 2 and 3 both correspond to NK cell clusters, including a specific statement of input cell events in the legends for Figure 1 and 2.
We have clarify this point in the manuscript, see legends of Figure 2 and 3. 


2) Correction? In Figure 2 legend, line 254, texts states "data shown is based on "FlowSOM clustering…", but the title states this is from Cytosplore?
This point has been corrected in the legend of Figure 3.

3) Clarify methods: i) What version of R was used for the analylsis? ii) What version of R is required for cytofast (and are there known incompatibilities)?
R should be upgraded to Bioconductor version 3.9; R version 3.6.0. is required for cytofast
4) Clarify methods: Clarify how to install cytofast in R; this could be taken directly from the Bioconductor page (which should also be referred to in the MS).
This has been added to the manuscript, see section 2. Equipment and software for the data analysis 

Minor Concerns:
1) MS would benefit from some minor copy-editing
The manuscript has been proofread. 


2) Title: The title states that Cytofast is useful for flow and mass cytometry data, but the manuscript includes no mention of flow cytometry data beyond the title. Based on this, removing mention of flow cytometry data from the title would be more accurate.
We have changed the title, and use cytometry instead of flow and mass cytometry. We note however that Cytofast can be used for both flow and mass cytometry.

3) Order of methods and figures: Currently the manuscript describes Cytosplore then FlowSOM, however the order of these algorithms is reversed in the figures. It would make it easier to follow if there is a parallel structure in text and figures.
This has been corrected in the manuscript.

4) Additional reference: On line 53-54, it is worth including reference to UMAP as an additional dimensionality-reduction technique (e.g. reference Nat Biotechnol. 2018 Dec 3. doi: 10.1038/nbt.4314. Dimensionality reduction for visualizing single-cell data using UMAP. Becht E … Newell EW)
The paper is now mentioned in the manuscript line 52. 

5) On line 82-83, the following sentence is difficult to understand "The analysis of the tumor micro environment is ending to ten phenotypically different subsets." Is this saying that there were 10 phenotypically different subsets identified in the tumor microenvironment dataset?
We have re-phrased this. The analysis of the tumor-microenvironment dataset has been performed and 10 phenotypically different subsets were identified by Cytosplore. 

6) On line 109, it would be helpful to clarify how data were gated for NK cells (software and gating strategy).
The manuscript has been edited to include that detail line. CD161+ events loaded in FlowSOM algorithm were pre-gated with FlowJo (see section 3.2. Clustering performed by FlowSOM)

7) On lines 209-213, it would be helpful to clarify which Figure this is referring to. The description later in the paragraph makes it difficult to follow.
The figures 2 and 3 are now written as reference to this text.

8) In Figure legend 2 and 3, please clarify what the scale refers to for "frequency"—unclear what is meant by +2 to -2 in this context.
This refers to the dispersion around the mean. It can just be seen as low and high frequency. A description has been added to the Figures 2 and 3.  


9) For Fig. 4 and 5, please clarify if individual dots correspond to individual samples/fcs files.
One individual dot is corresponding to one mouse, legends of the figures have been adapted accordingly. 

10) To increase utility to readers, it may be helpful to identify any lines of code that can be used directly in R and any lines of code that may require modification for an individual's specific experiment. If this detail is not included in the text, it would be worth emphasizing which fields need to be modified in the video.
The position of channel like “Background” or “Time” is depending on the CyTOF panel being used. The cleaning steps described in the protocol need to be adjusted for each user. This has been indicated in the manuscript and will be emphasized during the video. 


11) For those not familiar with R, it may be useful to provide a link to a resource that instructs (e.g. https://www.rstudio.com/online-learning/)

This has been added to the manuscript.

Reviewer #3:
Manuscript Summary:
In the paper, Beyrend and colleagues present Cytofast, an R package for the downstream analysis of cell clusters identified by automatic gating methods.

Major Concerns:
In the paper, Beyrend and colleagues present Cytofast, an R package for the downstream analysis of cell clusters identified by automatic gating methods. I think this tools is useful and valuable for the scientific community. However, I do not recommend this work for publication.

To me, there is a too strong overlap with the work presented in Beyrend, G., et al., Cytofast: A workflow for visual and quantitative analysis of flow and mass cytometry data to discover immune signatures and correlations. Computational and Structural Biotechnology Journal, 2018. 16: p. 435-44,event if the dataset used is not the same.

The work presented in Beyend et al, 2018, CSBJ, is the  global presentation of the algorithm. The article submitted to JoVE is a protocol explaining step by step how to use Cytofast and compare the output of two different clustering analysis. The short abstract has been edited to clarify the aim of the work presented in JoVE. 


In any cases, I think that there are multiple issues with the manuscript.
The introduction paragraph must be extended to present the outputs of the different algorithms. What are the limits of each algorithm that the author present? Why are the authors presenting some visualization algorithms "t-SNE, HSNE" if Cytofast cannot process them.
We clearly state in the discussion the uniqueness of Cytofast compared to other algorithms.

Cytofast can process HSNE and tSNE outputs as long as each cell is assigned to a cluster. 
 Is there some R packages similar to Cytofast publicly available? Why the algorithm outputs are difficult to understand ?
To our knowledge, there are no R packages similar to Cytofast publicly available. FlowSOM contains a visualization part, but limited to a few markers only (not more than 10) and therefore more suitable to flow cytometry. 

I think the tutorial is not enough detailed in its current form. "cfData@expr <- cfData@expr[,-c(3,4,6,8:10,46:49,51:54)]" to what these columns corresponds to ?
This point has been made clearer line (see 3.2. Clustering performed by FlowSOM).
I think that there is no way that a biologist with a limited knowledge in bioinformatics can understand and reproduce this pipeline. The whole tutorial/pipeline should be embedded in a formal R package in complement to the one already published. The tutorial paper should be presented in the form of an R markdown presentation.
It will be presented indeed as such in the video. Knowledge of R software is recommended and we have added the tutorial for this in the paragraph. It is beyond the scope of this manuscript to explain R.

The quality of the figures must be enhanced and the figure legends must be better presented (Figure 3,4,5,6...).
The quality of the figures has been improved. 

What are the limits of the package developed by the authors? What remains to be developed ideally? Is there some statistical methods in their package to identify relevant clusters?

Cytofast is not a clustering analysis, but a method to visualize the output of several clustering algorithms assigning each cell to a cluster. The package is still in evolution and will contain new features in future. As an example the algorithm will be able to check the homogeneity of one cluster, assessing then the efficiency of the clustering method. 
Based on the comments of the reviewer, we have improved our manuscript and look forward to your decision.

Sincerely,
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