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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.8., paint the vascular network, excluding any out-of-focus regions.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Ken Dunn: Since the microvascular flow varies between capillaries and changes over a time course of a few seconds, a method for the continuous quantification of flow across entire fields is needed [1]. 

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

1.2. Jeff Clendenon: STAFF enables a nearly continuous measurement of flow velocities across entire microscope fields within hours that would otherwise take months to obtain manually [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) - All interview statements may be edited for length and clarity.


1.3. Ken Dunn: Although these procedures are straightforward, visual demonstration will significantly help new users navigate STAFF for the first time [1].

1.3.1. 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)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Indiana University.
	


Section - Protocol
2. Vascular Network Definition using TrakEM2 in FIJI
Author NOTE: I did suggest that the videographer might want to record the screen showing the movie of blood flowing through liver, in case someone wants to see an example of the actual image sequence which STAFF processes/analyzes.  I also had a second window open on that screen, which showed the velocities movie generated by STAFF for that liver movie.
 
I don't know if he actually recorded it or not.  If he did record this screen, it would be at the start of the session.
2.1. To use TrakEM2 (track-E-M-two) to define the vascular network, first select File, New, and TrakEM2 blank to set up a new blank TrakEM2 project [1] and select the new folder containing the single image from the movie as the project folder. The TrakEM2 windows will open [2].
2.1.1. WIDE: Talent at computer, setting up new project Videographer: Important step
2.1.2. SCREEN: screenshot_01: 00:11-00:20

2.2. Right-click in the main work area and select Import and Import Image. Navigate to the single saved image and select the image [1].

2.2.1. [bookmark: _GoBack]SCREEN: screenshot_02: 00:06-00:17

2.3. Right-click in the main work area again and select Display and Auto resize canvas-Layer set. Then left-click in the main work window. The image will fill the work area [1].

2.3.1. SCREEN: screenshot_02: 00:28-00:56 Video Editor: please speed up

2.4. To select the areas in the image that contain the vascular network, in the smaller TrakEM2 window, right-click on Template anything and select Add new child and area list [1].

2.4.1. SCREEN: screenshot_03: 00:02-00:12

2.5. In the smaller TrakEM2 window, drag Template anything onto Project Objects, untitled project. Then drag Template anything, area list onto Project Objects untitled project, anything. Under Project Objects, untitled project, the anything, area list will now be present [1].

2.5.1. SCREEN: screenshot_03: 00:20-00:31

2.6. In the main TrakEM2 window under the Z space tab, a bar labeled area list will have been created. Click to select the list [1].

2.6.1. SCREEN: screenshot_04: 00:00-00:10

2.7. In the main TrakEM2 window, select the paintbrush tool and click Shift while rolling the mouse wheel to select a paintbrush size that is smaller than the diameter of the vasculature of interest. Press Control-S to save the project [1].

2.7.1. SCREEN: screenshot_04: 00:10-00:25 Video Editor: please speed up

2.8. Using the paintbrush tool, paint the vascular network, excluding any out-of-focus regions [1-TXT].

2.8.1. SCREEN: screenshot_05: 00:00-00:10 OR 00:00-01:49 Video Editor: please speed up TEXT: Alt + paintbrush tool to erase

2.9. When the labeling is complete, right-click in the main TrakEM2 window and select Export and Area Lists as labels [1].

2.9.1. SCREEN: screenshot_06: 00:00-00:12

2.10. In the popup window select Scale 100% and Export All area list. Close the TrakEM2 windows and select yes to Save the project [1].

2.10.1. SCREEN: screenshot_06: 00:12-00:40 Video Editor: please speed up

2.11. The image of Area Lists will open and may appear as a blank black image. In the main FIJI (Fiji) Menu select Image, Adjust, and Brightness-Contrast [1].

2.11.1. SCREEN: screenshot_07: 00:00-00:16 Video Editor: please speed up

2.12. In the Brightness and Contrast window, click Auto and the Area List will become visible [1]. 

2.12.1. SCREEN: screenshot_07: 00:21-00:29

2.13. In the main FIJI menu select Image, Lookup Tables, and Invert Lookup Table [1]. Save this image of black labels on white background as a tif file and close the image [1].

2.13.1. SCREEN: screenshot_07: 00:36-00:57 Video Editor: please speed up
2.13.2. SCREEN: screenshot_07: 01:21-01:39 Video Editor: please speed up

2.14. Open the labels file in FIJI and select Plugins, Skeleton, and Skeletonize [1].

2.14.1. SCREEN: screenshot_08: 00:06-00:21 Video Editor: please speed up

2.15. Then save the skeletonized image as a tif file [1].	Comment by Bridget Colvin: Authors: The screen capture shows the file being saved as a png file.

2.15.1. SCREEN: screenshot_08: 00:28-01:10 Video Editor: please speed up 

3. Vascular Flow Quantification Using STAFF

3.1. To create a new STAFF (staff) project, select Plugins, Macros, and Open-Create Project [1-TXT] and follow the prompts to create or update a configuration file [2].

3.1.1. WIDE: Talent opening project, with monitor visible in frame TEXT: STAFF: Spatial Temporal Analysis of Fieldwise Flow 
3.1.2. SCREEN: screenshot_09: 00:10-00:37 Video Editor: please speed up

3.2. From the Open-Create Project menu, navigate to and select the Project Directory, Input File Folder and the input Movie and Skeleton files [1].

3.2.1. SCREEN: screenshot_09: 00:38-00:45 

3.3. Input the values for the maximum measured speed, the maximum speed mapped, the minimum segment length, the pixel size, and the frame rate [1].

3.3.1. SCREEN: screenshot_09: 00:46-00:59

3.4. Check the Flicker Correction box if the images have periodic background intensity flicker and click OK [1].

3.4.1. SCREEN: screenshot_09: 00:59-01:02

3.5. Adjust the parameters for the best visualization of the data. Set the maximum speed mapped to include about 95% of the data so that the data is mapped across the full range of the color scale [1-TXT].

3.5.1. SCREEN: screenshot_09: 01:03-01:17 Video Editor: please speed up STAFF maps high speed outliers to high-speed end of color scale 

3.6. [bookmark: _Hlk1047146]To analyze the skeleton, select Plugins, Macros, and Analyze Skeleton. The skeleton file will open and the Region of Interest Manager will open and run [1].

3.6.1. SCREEN: screenshot_10: 00:02-00:08

3.7. In the Region of Interest Manager, click Show All and Label and click OK [1]. 

3.7.1. SCREEN: screenshot_10: 00:09-00:13

3.8. To select the time intervals, select Plugins, Macros, and Edit Time Intervals and wait for the macro to generate a kymograph from a single segment over the total time for the movie [1].

3.8.1. SCREEN: screenshot_11: 00:03-00:10

3.9. Use the Control plus and minus keys to increase the size of the kymograph as needed [1] and use the rectangle selection tool to draw a rectangle around each time interval [2]. 

3.9.1. SCREEN: screenshot_11: 00:20-0027
3.9.2. SCREEN: screenshot_11: 00:33-00:38

3.10. Press the T key or click the Add button to record a time interval selection and repeat the selection for as many time intervals as desired [1-TXT].

3.10.1. SCREEN: screenshot_11: 00:39-00:44 TEXT: Select sequentially from top or left to bottom or right of kymograph

3.11. To evaluate the parameter choices, select 3 to 4 time intervals and complete the analysis for just those intervals [1].

3.11.1. SCREEN: screenshot_11: 00:50-01:00

3.12. Click OK when the time interval selection has been completed. A popup window will appear when the selected intervals have been saved in the Project Folder. Click OK [1].

3.12.1. SCREEN: screenshot_11: 01:13-01:20

3.13. To analyze the flow, select Plugins, Macros, and Analyze Flow. The Analyze Flow Parameters dialog box will open and display the values entered in the Open-Create Project step. Edit these values if necessary and click OK [1].

3.13.1. SCREEN: screenshot_12: 00:03-00:15

3.14. The Output File Names dialog box will open and display the names entered in the Open-Create Project step. Edit these names as necessary and click OK to begin the flow analysis [1].

3.14.1. SCREEN: screenshot_12: 00:15-00:19

3.15. When a dialog box appears indicating that the flow has been analyzed, click OK to store the analysis results in csv spreadsheet files [1].

3.15.1. SCREEN: screenshot_12: 00:19-00:23

3.16. To produce spatial maps, select Plugins, Macros, and Produce Spatial Map. The Spatial Map Parameters window will open, displaying the values entered in the Open-Create Project step. Edit these values as necessary and click OK [1].

3.16.1. SCREEN: screenshot_13: 00:03-00:10

3.17. A temporal sequence of spatial maps of flow velocities will be generated with each color indicating a flow speed [1].

3.17.1. SCREEN: screenshot_14: 00:00

3.18. Scroll through the generated stack of one image per interval to visualize the spatial and temporal variations in flow [1] and save the stack as an AVI file to share the file as a movie [2].

3.18.1. SCREEN: screenshot_14: 00:10-00:18
3.18.2. SCREEN: screenshot_14: 00:20-00:25



Section – Results
4. Results: Representative Vascular Skeleton Generation and Kymograph and Velocity Data Analyses 

4.1. STAFF analysis generates a complete census of the microvascular velocities across entire microscope fields over periods of time extending from seconds to minutes [1].

4.1.1. LAB MEDIA: Figure 1

4.2. For example, using a single image in this time series of the microvascular network in the liver of a mouse [1], the generated skeletonized image was used to define the axis of the microvascular flow [2] allowing the STAFF-generated map of individual vascular segments to be identified for subsequent flow quantification [3].

4.2.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize Figure 1A image
4.2.2. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize Figure 1E
4.2.3. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize Figure 1F

4.3. From the individual vascular segments generated from the skeletonized image, kymographs can be generated representing the intensity along each line segment over time [1]. 

4.3.1. LAB MEDIA: Figures 2B and 2C: JoVE Video Editor please emphasize Figure 2B

4.4. The skeleton and user-supplied time intervals can be used to break the kymograph of each segment into individual segment-time intervals [1].

4.4.1. LAB MEDIA: Figures 2B and 2C: JoVE Video Editor please emphasize segment images in Figure 2C

4.5. STAFF then identifies the predominant angle in the kymograph from each segment-time interval and provides the calculated velocity measurements as .csv data files [1].

4.5.1. LAB MEDIA: Figure 3A

4.6. STAFF csv output can be used to analyze the overall velocity distribution to enable plotting of the velocity in individual vascular segments over time [1] and can be visualized as stacks of color-coded velocity map images [2].

4.6.1. LAB MEDIA: Figures 3C and 3D
4.6.2. LAB MEDIA: Figure 4





Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Ken Dunn: Note that the results obtained from STAFF depend upon the quality of the image series, with respect to the sample stability, frame rate, resolution, and 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. Ken Dunn: The STAFF velocity map outputs allow an intuitive exploration of spatial flow patterning, while STAFF csv outputs enable the statistical analysis of flow velocities both within and between treatment groups [1].  
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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