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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 Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.4, 3.1, 4.1, 5.2, 5.7, 5.8

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) 3.4, 3.5 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Dr. Luch: This method can help answer key questions in basic research and clinical applications, such as cancer research and treatment, but also in the immunology field.  

1.2. Dr. Luch: The main advantage of this technique is that it is a static method easy to facilitate. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
If possible, please have additional authors speak the below statements.  The idea is to introduce the various authors on camera.  If you’d like to do so, you can just replace the name listed below.    
1.3. Dr. Luch: The implications of this technique extend toward therapy or diagnosis of cancer and inflammatory diseases, because of its ability to automatically identify healthy and diseased cell types based on their shape or movement characteristics. 
1.4. Dr. Luch: Though this method can provide insights into interactions between immune cells and tumor cells, it can also be applied to any field where three-dimensional microscopy data are obtained.
1.5. Dr. Luch: Presumably, individuals new to this method will struggle because of the difficulty to validate and scientifically describe their 3 dimensional microscopy data.
1.6. Dr. Cseresnyes: Visual demonstration of this method is critical as the different software solutions applied are difficult to learn. Many scientists may not be familiar with the different software tools utilized in this approach.  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.7. ** Dr. Luch: The procedure will be demonstrated by Fabian Kriegel, a graduate student from my laboratory. 

1.7.1. Interview style: Author saying the above 

1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
Protocol: (read by voice talent at JoVE)  
*Authors: Our video production team informed me that they do not accept FLV files. This is because they are low quality and do not play nice with their editing software. Please look over the screen capture attachment for acceptable formats.
2. Reconstruct the 3D Image
2.1. To begin, obtain a high-resolution, deconvolved, three-dimensional microscopy data set as described in the accompanying text protocol. [1-MED Over the Shoulder-TXT]
2.1.1. Talent downloads data set while at computer (TEXT: See github for an example dataset)
2.2. Load the 3D image data into the reconstruction software and begin to create a 3D surface for each object.[1-SCREEN]
2.2.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_2_2_1.mov/mp4)

2.3. To accomplish this, select the 3D view option and click on “Surfaces”. Then, click on the “Next” button to proceed with the surface creation wizard. [1-SCREEN]
2.3.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_2_3_1.mov/mp4)

2.4. Now, select the image channel for the surface reconstruction. Choose a smoothing value that does not hide the details of the surface but also avoids porous surfaces.  Apply the smoothing function by clicking on the smooth option checkbox and providing a smoothing radius.[1-SCREEN]
2.4.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_2_4_1.mov/mp4)

2.5. Fabian Kriegel: ”When creating surface reconstructions of the 3D microscopy images, it is especially important to choose the proper smoothing factor and threshold in order to avoid losing any information about the cellular characteristics.“[1-INT]
2.5.1. Author says the above statement interview style

2.6. Next, select a thresholding method to find the surfaces. Use an absolute intensity threshold when the objects, like the one shown here, are well-separated from the background and have an approximately uniform brightness level. [1-SCREEN]
2.6.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_2_6_1.mov/mp4)

2.7. When the objects vary in their intensity but can still be separated from the local background and from the other objects surrounding them, apply a local contrast threshold. Set the local threshold search area according to the value of the expected diameter of the reconstructed objects. [1-SCREEN]
2.7.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_2_7_1.mov/mp4)

2.8. Next, select from a list of options to filter the reconstructed surfaces according to morphological parameters of interest.  This includes volume, sphericity, surface-to-volume ratio, and more. [1-SCREEN]  
2.8.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_2_8_1.mov/mp4)

2.9. Save and export the generated surfaces in a format such as ___vrml_____ that is compatible with the 3D animation software that will be used in the next step. [1-SCREEN]
2.9.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_2_9_1.mov/mp4)

3. Transform the 3D Reconstructed Surfaces into 2D Projections

3.1. Start “Blender” and go to the output tab on the right side of the window. Select the TIFF format from the dropdown menu and set the color depth to 8 bit RGBA. [1-SCREEN]

3.1.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_3_1_1.mov/mp4)

3.2. Next, switch into “Scripting Mode” and navigate to the provided script file titled "GUI_AutoRotate.py", which is downloadable from the github repository for this work. [1-SCREEN-TXT]
3.2.1. Screen capture video as talent performs the above step. Similar to Video_Blender_fromPython_Workflow.flv (0:10 - 0:19). (Authors: Please submit this file to your JoVE server page as 58543_Cseresnyes_3_2_1.mov/mp4) (TEXT: https://github.com/zcseresn/ShapeAnalysis)

3.3. Back in the main window, click on “Run Script” and choose the folder of the .wrl files when prompted for input. [1-SCREEN]
3.3.1. Screen capture video as talent performs the above step. Similar to Video_Blender_fromPython_Workflow.flv (0:19 - 0:26) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_3_3_1.mov/mp4)

3.4. Then, go to the default menu… Here, set the “Rotations” to a value at or above 6…   Run the script by clicking on the “Rotate” button. [1-SCREEN]
3.4.1. Screen capture video as talent performs the above step. Similar to Video_Blender_fromPython_Workflow.flv (0:26 - 0:45) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_3_4_1.mov/mp4)

3.5. Fabian Kriegel: ”A rotation of 6 different angles can be sufficient to distinguish the different cell populations. It is not recommended to create less than six rotations per surface, because of potential information loss.”[1-INT]
3.5.1. Author says the above statement interview style

3.6. Save the projections of the individual surfaces in the same folder that was used for the input. By default, the images are saved in an 8 bit Tiff format, which is the format required by the Fiji plugin, “SHADE”. [1-SCREEN]

3.6.1. Screen capture video as talent performs the above step in the order listed. (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_3_6_1.mov/mp4)

4. Find the Periphery and Calculate the Fourier Components using Fiji
4.1. Open Fiji and select SHADE in the Plugins menu. Start with the default values and fine-tune the parameters later on. Click OK when ready to run the program. [1-SCREEN]
4.1.1. Screen capture video as talent performs the above step. Similar to Video_SHADE_Workflow.flv (0:19-0:27) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_4_1_1.mov/mp4)

4.2. Next, choose the source folder that contains the TIFF files that were created in the previous section and click on “Select”…  Then, provide an output data folder…  When the first image appears, draw a rectangle surrounding the cell and begin by clicking on “OK”. [1-SCREEN]
4.2.1. Screen capture video as talent performs the above step. Similar to Video_SHADE_Workflow.flv (0:27-0:40) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_4_2_1.mov/mp4)

4.3. As the plugin runs, you see the preprocessing of the image and the periphery finding of the cells indicated by red lines. The coordinates of the found edges are now used to calculate the discrete Fourier components.[1-SCREEN]  
4.3.1. Screen capture video as talent performs the above step. Similar to Video_SHADE_Workflow.flv (0:40-end) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_4_3_1.mov/mp4)

5. Self-Organizing Maps

5.1. To train self-organizing maps for the first time [1-MED Over the Shoulder], begin by loading Matlab. [2-SCREEN]
5.1.1. Talent at computer, opens Matlab

5.1.2. Screen capture video as talent performs the above step. Similar to Video_SOM_train_Workflow.flv (0:12-0:18) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_1_2.mov/mp4)

5.2. Then, open the data file to be used for training the self-organizing map network… This dataset should contain all experimental conditions in order to train it for the particular cell types and experimental conditions. [1-SCREEN]
5.2.1. Screen capture video as talent performs the above step. Similar to Video_SOM_train_Workflow.flv (0:18-0:26) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_2_1.mov/mp4)

5.3. Load the Train SOM Matlab script and then select “Run” to begin the training.  Make sure to correctly path the file if needed… [1-SCREEN]
5.3.1. Screen capture video as talent performs the above step. Similar to Video_SOM_train_Workflow.flv (0:27-0:35) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_3_1.mov/mp4)

5.4. When it starts running, an additional window will pop up to display the progress.  Wait untill the training is completed before proceeding. By default, the script is set to run 2000 iterations, or "Epochs". [1-SCREEN]
5.4.1. Screen capture video as talent performs the above step. Similar to Video_SOM_train_Workflow.flv (0:40-1:34) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_4_1.mov/mp4) (Video Editor: Speed up this video segment as needed)

5.5. After the training is finished, examine the network’s topology plots.  Here is an example of the “Neighbor Distances” plot…  The “Sample Hits” plot… and the “Input Planes” plot… [1-SCREEN]
5.5.1. Screen capture video as talent performs the above step. Similar to Video_SOM_train_Workflow.flv (1:34-2:10) (Video Editor: Time it so that the VO states the type of plot as each is opened) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_5_1.mov/mp4)

5.6. Fabian Kriegel: “Self organizing maps are an important tool to discover hidden relations and cluster data objectively. They learn without supervision, thus there is no need to create a training dataset.”[1-INT]
5.6.1. Talent says the above statement interview style

5.7. The network is now trained.  Right click on the file in your workspace and save it for future use. [1-SCREEN] 

5.7.1. Screen capture video as talent performs the above step. Similar to Video_SOM_train_Workflow.flv (2:20-2:38) (Video Editor: Speed up video if desired) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_7_1.mov/mp4)

5.8. Load in the self-organizing maps when using an already trained map in order to cluster a dataset. [1-SCREEN]
5.8.1. Screen capture video as talent performs the above step. Similar to Video_SOM_apply_Workflow.flv (0:20-0:28) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_8_1.mov/mp4)

5.9. Then, import the csv file that is to be tested with the preloaded trained maps. Here we will select the csv output of the SHADE Plugin. When the data loads, change the output type to “Numeric Matrix” and then select “Import Selection”.  [1-SCREEN]
5.9.1. Screen capture video as talent performs the above step. Similar to Video_SOM_apply_Workflow.flv (0:29-0:32, 0:46-1:02) (Video Editor: The suggested video times skip the part where they locate the file) (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_9_1.mov/mp4)

5.10. After the classification is finished, use the command window to evaluate the various plots. [1-SCREEN] 

5.10.1. Screen capture video as talent performs the above step. Similar to Video_SOM_apply_Workflow.flv (1:14-2:25) (Video Editor: Speed up this video clip during the typing and loading and slow when the plot window appears for each of the 3 entries). (Authors: Please submit his file to your JoVE server page as 58543_Cseresnyes_5_10_1.mov/mp4) 
6. Results: Robustness of SOM Mapping Approach
6.1. The image shown here is from a deconvolved intravital multi-photon microscopy dataset of microglial cells. Under physiological conditions, the microglia presented a rather complex shape with multiple, highly branched processes. [1-LM]
6.1.1. Figure 2a (Video Editor: Label this image “Physiological Conditions”)
6.2. When placed in a cancerous environment, such as this cortical tumor model, the microglia changed to a simpler, more spindle-like shape. Twenty of these Fourier shape descripting components were used as inputs to train the self-organizing map.[1-LM]
6.2.1. Figure 2b (Video Editor: Label this image “Cancerous Environment”) Note to VO: “shape descripting” is how the authors specifically phrased this. I know it sounds odd, but we can correct this in redos if the authors made a typos. 
6.3. The trained map was then tested in order to evaluate its ability to distinguish between healthy and cancerous cells. The healthy cell population was projected onto a single area shown here.[1-LM] Whereas the cancerous microglia dataset presented as a dumbbell-shaped active region.[2-LM]
6.3.1. Figure 2c (Video Editor: Label this image “Healthy Cells”)
6.3.2. Figure 2d (Video Editor: Label this image “Cancerous Cells”)
6.4. Maps can also be trained by medical experts to identify distinct cell groups.  Here, resting cells, phagocytosing cells, interacting cells, and mobile cells were identified, reconstructed, and used to train a 12x12 map. [1-LM] This combined map shows groups of high hit-value artificial neurons, especially in the bottom left and the middle areas of the map. [2-LM]
6.4.1. Figure 3a (Show the red/yellow color maps 1 by 1) 
6.4.2. Figure 3a left image only (Video Editor: Highlight the regions within the map in the bottom left and middle where the purple hexagons are the largest.
6.5. The robustness of the mapping approach was tested by using the trained self-organizing map with three random subsets of the same, resting cell type that was not part of the training dataset. The response of the SOM to this input exhibits a very similar response which indicates the correct cell type.[1-LM]
6.5.1. Figure 3b/c (Video Editor: Show the “resting” panel from Figure 3b on the left and 1 from Figure 3c on the right. Show the panels from Figure 3c 1 by 1 with the panel from 3b. Scroll through the panels on the right hand side twice while keeping the left side static. Label the left image “Resting Cells” and the right side “Subset 1”/”Subset 2”/”Subset 3” with the appropriate image.) 
7. Conclusion (said by authors on camera)  
7.1. Dr. Zoltan Cseresnyes: After its development, this technique paved the way for researchers in the field of cancer research and immunology to explore the shape changes of tumor and immune system cells that occur during their interactions in excised tissues, live animals, and organs-on-chips systems. 
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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