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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO
Can you record movies/images using your own microscope camera? NO
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? YES
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. This has been done in the previous email sent Tuesday the 17-09-2019

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2.1 / 2.4.1/ 3.1.1 / 3.2.1 /3.2.2 /3.3.2 ***This is a computational video; all of these are screen shots so this information will be more useful for the video editor.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
2.4/ 3.3
5. Will the filming need to take place in multiple locations? No


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)  - All interview statements may be edited for length and clarity.

1.1. Guillaume Beyrend: The data generated by mass cytometry are complex and need to be visualized in an efficient and simple manner. Cytofast is a method which highlights immunological patterns within immune cell populations and determines cellular subsets which are specific to different clinical or experimental groups. 

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

1.2. Guillaume Beyrend: Cytofast can be applied after any clustering analysis, such as flowsom and cytosplore, and will allow you to discover relevant subsets linked to a clinical or experimental group. You will be able to see the immunological overview of your samples at a glance in a quantitative manner. 

1.2.1. INTERVIEW: Named talent says 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 Animal Experiments Committee of LUMC and were executed according to the animal experimentation guidelines of the LUMC in compliance with the guidelines of Dutch and European committees.

Section - Protocol
2. Creating Clusters 
Video Editor: The text overlays are meant to emphasize the code that is being used on the screen. Alternatively, the code can be emphasized by zooming in on it/ boxing it in/ highlighting it. Please choose the most visually appealing method.  
2.1. Begin by creating clusters with either Cytosplore or FlowSOM (pronounce ‘flow-som’) [1]. If using Cytosplore, upload the .fcs files by clicking ‘Files’ and ‘Open FCS Files’ [2]. Then, select a cofactor for hyperbolic arcsinh transformation when prompted and click on ‘Add unique sample tag as channel’ [3]. 
2.1.1. WIDE: Talent at the computer initiating software.
2.1.2. SCREEN: 2019-09-17 11-07-09.mp4. ‘Open Files’ clicked and files selected. 0:20 – 0:32. Video Editor: Timestamps for the video are uploaded as 60525_ScreenCapture_Timestamps.docx  
2.1.3. SCREEN: 2019-09-17 11-07-09.mp4. Hyperbolic Arcsin and ‘Add unique sample tag as channel’ selected. 0:32 – 0:33 
2.2. Select ‘Run H-SNE’ to run a HSNE level of 3 and wait for the map to be generated [1]. On the first HSNE level, check the cells that are positive for CD161 by selecting the CD161+ cells and right-clicking ‘Zoom into selection’ [2]. At the second level, repeat the procedure to reach the third level with only CD161 positive events [3]. Vide Editor: This step is important!
2.2.1. SCREEN: 2019-09-17 11-07-09.mp4. ‘Run H-SNE’ selected, level 3 input, ‘Compute HSNE’ clicked. 1:20 – 1:25 
2.2.2. SCREEN: 2019-09-17 11-07-09.mp4. 12:03 – 13:24 Video Editor: Accelerate and trim this footage to match the length of VO. 
2.2.3. SCREEN: 2019-09-17 11-07-09.mp4. 16:40 – 18:08 Video Editor: Accelerate this footage to match the length of the VO. Author noted that this part is not the main focus of the video and no information will be lost by speeding through it.
2.3. Once the last tSNE map is generated, save the clusters defined by Cytosplore by right clicking on the map and choosing ‘Save Clusters’. Choose the directory of the output files as prompted by Cytosplore and note this location because it will later be used to load .fcs files into R [1].
2.3.1. SCREEN: 2019-09-17 11-07-09.mp4. ‘Save clusters’ clicked. 25:10 – 25:17
2.4. Use a simple, characters-only, name when renaming the output files, which will make identification and further handling easier and select ‘Save’ [1]. Load the files into R with the designated function ‘read-Cytosplore-FCS’ [2-TXT]. Vide Editor: This step is difficult and important!
2.4.1. SCREEN: 2019-09-17 11-07-09.mp4. Files saved. 25:17 – 25:25
2.4.2. SCREEN: 2019-09-17 11-07-09.mp4. 25:45 – 25:50. TEXT: dirFCS <- "C:\\Users\\username\\Desktop\\tostudy" ; cfData <- readCytosploreFCS(dir = dirFCS, colNames = "description") 
2.5. To clean the data, remove some parameters such as “Time” and “Background” by checking the position of the column related to its unnecessary parameters and removing it from the matrix [1-TXT].
2.5.1. SCREEN: 2019-09-17 11-07-09.mp4. 26:06 – 26:16. TEXT: colnames(cfData@expr) ; cfData@expr <- cfData@expr[,-c(3,4,6,8:10,46:49,51:54)]

2.6. Next, re-order the markers so that lineage markers are displayed first, followed by functional markers [1-TXT]. Link the meta datafile to the generated data from Cytosplore by uploading the spreadsheet metafile containing clinical information [2-TXT]. 

2.6.1. SCREEN: 2019-09-17 11-07-09.mp4. 26:16 – 26:22. TEXT: cfData@expr <- cfData@expr[,c(1,2,3,35,36,31,9,10,18,8,37,20, ; 29,40,5,30,33,11,34,14,19, ; 32,28,6,7,4,12,13,17,16,15, ; 21,22,24,25,26,27,38,39)]
2.6.2. SCREEN: 2019-09-17 11-07-09.mp4. 26:22 – 26:40. TEXT: library(readxl) ; meta <- read_excel("C:\\Users\\username\\Desktop\\sample_id.xlsx") ; cfData@samples <- data.frame(meta) 

2.7. To perform clustering by FlowSOM (pronounce ‘flow-som’), load the raw data that was previously gated on CD161-positive events in R with the ‘read.flowSet’ function [1-TXT]. 

2.7.1. SCREEN: 2019-09-17 11-07-09.mp4. 28:50 – 28:58.TEXT: fcs_raw <- read.flowSet(path="C:\\Users\\username\\Desktop\\tocluster", pattern = ".fcs", ; transformation = FALSE, truncate_max_range = FALSE, seed=123)

2.8. Select the relevant biological markers by selecting the proper columns and transforming the data in an arcsinh5 manner. Apply a cofactor of 5 by choosing ‘cofactor = 5’ in the function [1-TXT].

2.8.1. SCREEN: 2019-09-17 11-07-09.mp4. 28:58 – 29:02. TEXT: fcs_raw <- fsApply(fcs_raw, function(x, cofactor=5){ ; colnames(x) <- fcs_raw[[1]]@parameters@data$desc ; expr <- exprs(x) ; expr <- asinh(expr[,-c(1,2,4,5,6,17,21,24,25,34,35,37,38,51)]/ cofactor) ; exprs(x) <- expr ; return(x)})

2.9. Cluster the data using the FlowSOM function and compare FlowSOM and Cytosplore by choosing to cluster the data in ten subsets, same as the output previously yielded by Cytosplore [1-TXT]. Then, assign each cell to its identified subset and sample ID [2-TXT]

2.9.1. SCREEN: 2019-09-17 11-07-09.mp4. 29:02 – 29:16. TEXT: fsom <- FlowSOM(fcs_raw, transformFunction = FALSE, scale = FALSE, ; scaled.center = FALSE, scaled.scale = FALSE, silent = FALSE, colsToUse = c(1:37), ; nClus = 10, maxMeta = 10, importance = NULL, seed = 123)
2.9.2. SCREEN: 2019-09-17 11-07-09.mp4. 29:16 – 29:28. TEXT: subset_id <- as.factor(fsom$FlowSOM$map$mapping[,1]) ; levels(subset_id) <- fsom$metaclustering ; head(subset_id)

2.10. Load the metadata file in R containing the group assignment and link it to the .fcs files using the code from the text manuscript [1] and create a cfList (pronounce ‘C-F-list’) based on the dataframe obtained from FlowSOM [2-TXT]. Then, re-order the markers to appear similarly to the output from the Cytosplore analysis [3-TXT]. 

2.10.1. SCREEN: 2019-09-17 11-07-09.mp4. 29:28 – 29:44. Video Editor: Emphasize the code in the upper left window, starting in the middle of the page with “sampleid <-….” all the way to the end. 
2.10.2. [bookmark: _GoBack]SCREEN: 2019-09-17 11-07-09.mp4. 29:28 – 29:58. TEXT: cfData <- cfList(samples = sampleid, ; expr = df)
2.10.3. SCREEN: 2019-09-17 11-07-09.mp4. 29:58 – 30:06. TEXT: cfData@expr <- cfData@expr[,c(1,2,34,36,37,10,23,24,31,22, ; 38,15,8,3,27,9,11,28,35,26, ; 14,33,17,20,21,18,25,29,13, ; 30,12,16,32,4,5,6,7,19,39)]

2.11. Guillaume Beyrend: Within the code, any “username” word should be change by the name of the user. As an example, we change username to “gbeyrend”. 

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

3. Post-processing Clustering analysis 
3.1. Prior to creating the heatmaps, generate the count table per sample by using the function “cell-Counts”. Since some clusters contain fewer cells than others, scale the data per cluster by specifying “scale = TRUE” inside the function, which makes it easy to see the dispersion among samples [1-TXT].  Vide Editor: This step is important!
3.1.1. SCREEN: 2019-09-17 11-07-09.mp4. 30:06 – 30:20. TEXT: cfData <- cellCounts(cfData, frequency = TRUE, scale = TRUE)
3.2. Visualize the data with heatmap [1-TXT], then visualize with boxplots by generating the cell count but not scaling the data to obtain the frequency of each fluster [2-TXT]. Vide Editor: This step is important!
3.2.1. SCREEN: 2019-09-17 11-07-09.mp4. 30:06 – 30:28. TEXT: cytoHeatmaps (cfData, group="group", legend=TRUE) Video Editor: Emphasize the results in the bottom right window. 
3.2.2. SCREEN: 2019-09-17 11-07-09.mp4. 30:28 – 30:34. TEXT: cfData <- cellCounts(cfData, frequency = TRUE, scale = FALSE) ; cytoBoxplots(cfData, group = "group") Video Editor: Emphasize the results in the bottom right window.
3.3. Finally, visualize the expression intensity of the CD45, CD11c, and CD54 markers [1-TXT] by noting the marker names and including them in the “mis-Plot” function [2-TXT]. Vide Editor: This step is difficult and important!
3.3.1. SCREEN: 2019-09-17 11-07-09.mp4. 30:34 – 30:40. TEXT: names(cfData@expr)
3.3.2. SCREEN: 2019-09-17 11-07-09.mp4. 27:20 – 27:34. TEXT: msiPlot(cfData, markers = c("89Y_CD45", "167Er_CD11c" ,"164Dy_CD54"), byGroup='group') Video Editor: Emphasize the results in the bottom right window.







Section – Results
4. Results: Cytofast Analysis 
4.1. Cytofast runs several possible outputs, including the heatmap of all clusters identified in the analysis and based on marker expression [1]. The dendrogram on the top represents the hierarchical similarity between the identified clusters [2]. 
4.1.1. Figure 2. 
4.1.2. Figure 2. Video Editor:  Emphasize the dendrogram on top.
4.2. The upper panel displays another heatmap showing the relative quantity of corresponding subsets in each sample [1]. Meanwhile, the dendrogram on the right shows the similarity between samples based on subset frequencies, demonstrating that the phenotype of NK cells is shaped by PD-L1 treatment three days after injection [2]. 
4.2.1. Figure 2. Video Editor: Emphasize the upper panel. 
4.2.2. Figure 2. Video Editor: Emphasize the dendrogram on the side of the lower panel. 
4.3. The combined heatmaps can be obtained for FlowSOM followed by Cytofast [1] and for Cytosplore followed by Cytofast [2]. Cytofast can also be used to present the data quantitatively and display the results in boxplots [3].
4.3.1. Figure 2. 
4.3.2. Figure 3. 
4.3.3. Figure 4. TEXT: Use cytoBoxplots function

4.4. Another feature that is included in the Cytofast package is the msiPlot function that shows the median signal Intensity plot of every marker per group. This function allows detection of global changes, such as increases in the expression of CD54 or CD11c in NK cells of the PD-L1-treated group [1].

4.4.1. Figure 6. 








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

5.1. Guillaume Beyrend: This technique is a rapid way to visualize and quantify data and can be used to discover novel cellular responses after therapy. 

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Guillaume Beyrend: After this method, the globaltest function in R can be used to test groups of covariates for association with a response variable. This would assign a correlation between each subset and a clinical outcome. 

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