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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
2. Does your protocol include software usage? Y, SC all uploaded 
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. 
All important steps are screen captured. 
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. 
Step 2.4: User has to make sure that they correctly segment out the ventricle of the heart and exclude the atrium and the outflow track. User can use the segmented heart at the beginning of video 60547_screenshot_5 as a reference.
5. Will the filming need to take place in multiple locations? N


[bookmark: _Hlk23691451]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.

Videographer comment:
1.1, 1.4 & 7.1		spoken by Rene R. Sevag Packard
[bookmark: _GoBack]1.2, 1.3 & 1.5		spoken by Junjie Chen

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

1.1. René R. Sevag Packard: DIAMOND is the first open-source method for the quantitative assessment of four-dimensional segmental cardiac function under both physiological and pathological conditions.

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

1.2. René R. Sevag Packard: Our method has a sub-micrometer resolution that can quantify local cardiac mechanics in 3D space. This is a significant improvement over echocardiography, which has millimeter-range resolution and suffers from through-plane motion. 

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. Junjie Chen: DIAMOND unravels novel injury patterns in our doxorubicin-induced cardiac toxicity model. Therefore, we believe that it may be used as a platform for high-throughput in vivo screening of pathways associated with chemotherapy-induced cardiac toxicity.

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

1.4. Junjie Chen: We are currently working to adapt DIAMOND for mammalian heart, however, more work needs to be done to address the rotational and twisting motion, as well as the muscle fiber orientation.  

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


1.5. Junjie Chen: When attempting this technique, it is very important that the user has a clear visualization of the anatomical structure of zebrafish heart to correctly segment the ventricle and find the vertical and horizontal long axes.

1.5.1. 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)

1.1. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the UCLA Office of Animal Research. 

Section - Protocol
2. Reconstruction of the #D Systolic and Diastolic Heart and Segmentation of the Ventricle
2.1. To reconstruct the 3D systolic and diastolic heart [1], begin by opening the folder created by the post synchronization algorithm, then open the “Output” folder [2]. Find the first systolic and diastolic phase and record the frame number [3]. 
2.1.1. Establishing shot of talent at the computer preparing to perform computational analysis. 
2.1.2. SCREEN: 60547_screenshot_1.mp4. 0:00 – 0:14. 
2.1.3. SCREEN: 60547_screenshot_1.mp4. 0:14 – 0:43. 
2.2. Then, open the “Output/By State” folder and find the folders that have the same numbers as the recorded frame numbers [1]. Convert the images in the folder to 3D tiff files [2] and name them “diastole.tif” and “systole.tif” [3]. 
2.2.1. SCREEN: 60547_screenshot_2.mp4. 0:07 – 0:14.
2.2.2. SCREEN: 60547_screenshot_2.mp4. 0:15 – 0:26.
2.2.3. SCREEN: 60547_screenshot_2.mp4. 0:45 – 0:58.
2.3. To perform segmentation of the ventricle, open the image analysis software by clicking “file” and “open data”, then load “diastole.tif” and “systole.tif” and enter the voxel size according to the image settings [1-TXT].
2.3.1. SCREEN: 60547_screenshot_3.mp4. TEXT: For the LSFM system used, the typical voxel size is 0.325 µm x 0.325 µm x 2 µm. 

2.4. Click the “Segmentation” panel and manually segment the ventricle part of the heart using the built-in “threshold” tool [1]. Then, remove the atrioventricular canal and the outflow tract in the segmented ventricle because this will affect the displacement analysis [2]. Video Editor: This step is difficult!

2.4.1. SCREEN: 60547_screenshot_4.mp4. 0:00 – 0:21.
2.4.2. SCREEN: 60547_screenshot_4.mp4. 0:21 – 1:38. Video Editor: From 0:41 on, speed up the footage because the action is repetitive, but make sure to show the final segmentation (last few seconds). 

2.5.  After segmentation is completed, click the “Project” panel, right click the “diastole.Labels.tif” and “systole.Labels.tif” tabs in the console, and click “Export Data as” to save the data as 3D tiff files [1]. 

2.5.1. SCREEN: 60547_screenshot_5.mp4. 0:10 – 0:32. Video Editor: If needed, continue playing footage until the end of SC, it demonstrates the data export one more time for the systole data. 

3. Creation of Rectangular Parallelepipeds for Image Registration and Resampling of Systolic and Diastolic 3D Hearts Along the Short Axis Plane  
3.1. Open “prepImage_1.m” in the programming environment, make sure that the folder in “imPath” on line 5 contains the original and segmented TIFF files, and change “slice” on line 4 to the number of slices of the 3D tiff files [1]. After running the code, 5 new 3D tiff files and 2 new folders will be generated [2]. 
3.1.1. SCREEN: 60547_screenshot_6.mp4. 0:00 – 0:30.
3.1.2. SCREEN: 60547_screenshot_6.mp4. 0:58 – 1:03. Video Editor: Emphasize the "resample_dia" and "resample_sys" folders. 
3.2. Import all five 3D tiff files into the image analyzing software [1]. Go to the “MULTIPLANAR” panel and choose “diastole_200.tif” as the primary data. Align the X-axis with the vertical long axis of the ventricle and the Z-axis with the horizontal long axis of the ventricle [2-TXT]. 
3.2.1. SCREEN: 60547_screenshot_7.mp4. 0:00 – 0:05. 
3.2.2. SCREEN: 60547_screenshot_7.mp4. 0:05 – end. TEXT: X-axis = green line ; Z-axis = red line
3.3. Next, choose 3 random points from the oblique YZ plane in a counterclockwise manner and record their 3D position coordinates. Repeat this process for “systole_200.tif” [1]. 
3.3.1. SCREEN: 60547_screenshot_8.mp4. Video Editor: Emphasize the “position” of the point as it is selected on the image (lower left). The process is repeated for three points, so speed up/edit the footage in order to show it once and the final data for three points. 

3.4. Click the “Project” panel and create a “Slice” object for “diastole_200.tif” by right clicking on “diastole_200.tif” and searching for the “Slice” object [1]. Left click the created Slice object, check “Set Plane” in the “Properties Panel Options”, choose 3 points in “Plane Definition”, and enter the previously recorded coordinates [2-TXT]. 

3.4.1. SCREEN: 60547_screenshot_9.mp4. 0:00 – 0:11. 
3.4.2. SCREEN: 60547_screenshot_9.mp4. 0:11 – 1:05. TEXT: Repeat for “systole_200.tif”

3.5. Right click “diastole_200.tif”, search for “Resample Transformed Image” and create the object. In the “Properties” panel, choose “Slice” as the “Reference” and click “Apply”, which should generate an object named “diastole_200.transformed” [1]. 

3.5.1. SCREEN: 60547_screenshot_10.mp4. 0:00 – 0:28.

3.6. Next, right click “diastole_200.transformed”, search for “Resample” and create the object [1]. Choose “Voxel Size” as the “Mode” and change it to x equals 1, y equals 1, and z equals 1 in the “Properties” panel [2]. 

3.6.1. SCREEN: 60547_screenshot_10.mp4. 0:29 – 0:34.
3.6.2. SCREEN: 60547_screenshot_10.mp4. 0:34 – 0:44.

3.7. Click “Apply”, then save the generated “diastole_200.resampled” object as a 3D tiff file. Repeat this process for "diaLabel.tif", "test.tif", "systole_200.tif", "sysLabel.tif", and "test.tif" according to manuscript directions [1]. 

3.7.1. SCREEN: 60547_screenshot_10.mp4. 0:44 – end. 
4. Division of the Resampled Heart
4.1. Import all 6 resampled files to ImageJ and select a slice of “systole_200.resampled” in which the atrioventricular canal is clearly visualized, making sure to record the number of the slice [1]. 
4.1.1. SCREEN: 60547_screenshot_11.mp4. 0:00 – 0:35.
4.2. Use the “Image-Transform-Rotate” function to vertically position the atrioventricular canal. Apply the same rotation to all files, then close all windows and save the changes [1]. 
4.2.1. SCREEN: 60547_screenshot_11.mp4. 0:35 – end. 

4.3. Next, move "systole_200.resampled", "sysLable.resampled", and "test2.resampled" to the "resample_sys" folder and move "diastole_200.resampled", "diaLabel.resampled", and "test.resampled" to the "resample_dia" folder [1]. 

4.3.1. SCREEN: 60547_screenshot_12.mp4.
4.4. Open “divider_2_8_pieces.m” and change “ImPath” in line 5 to the image directory. Change the variable “Middle” in line 22 to the slice number where the atrioventricular canal is clearly visualized [1]. Repeat this process for "diastole_200.resampled" on lines 395 and 411 [2]. 
4.4.1. SCREEN: 60547_screenshot_13.mp4. 0:00 – 0:26. 
4.4.2. SCREEN: 60547_screenshot_13.mp4. 0:26 – 0:44.

4.5. Run the code. When prompted, click once on the center of the ventricle and on the center of the atrioventricular canal [1]. 

4.5.1. SCREEN: 60547_screenshot_13.mp4. 0:44 – end. 

5. Registration of Systolic and Diastolic Image Matrices and Output of Displacement Vectors

5.1. To register systolic and diastolic image matrices, open “register_3.m” and change “ImPath” in line 4 to the image folder path [1]. Then, open “displacement_4.m” and change “ImPath” to the image folder path [2].

5.1.1. SCREEN: 60547_screenshot_14.mp4.
5.1.2. SCREEN: 60547_screenshot_15.mp4. 0:00 – 0:10.

5.2. Run the program to generate a "vector8.txt" file with an 8 x 4 matrix. Each row of the matrix contains the magnitudes of the X component, Y component, Z component, and the SUM magnitude of the displacement vector of a specific segment of the ventricle. These values can then be transferred to a spreadsheet [1].

5.2.1. SCREEN: 60547_screenshot_15.mp4. 0:10 – end. 





















Section – Results
6. Results: Segmental Heterogeneity in Cardiac Function and Susceptibility to Chemotherapy-induced Injury 
6.1. This protocol was used to uncover segmental heterogeneity of cardiac function and susceptibility to doxorubicin-induced myocardial injury in zebrafish [1]. After a 24-hour doxorubicin treatment from 3 to 4 days post fertilization [2], displacement of ventricular segments was compared between control and treated groups [3].
6.1.1. LAB MEDIA: Figure 3 A – C. 
6.1.2. LAB MEDIA: Figure 3 A – C. Video Editor: Emphasize A.  
6.1.3. LAB MEDIA: Figure 3 B and C. Video Editor: Zoom in on B and C. 
6.2. Under control conditions, the basal segments one and six undergo the largest displacements and are the ones most susceptible to doxorubicin induced cardiac injury [1]. 
6.2.1. LAB MEDIA: Figure 3 B. Video Editor: Emphasize segments I and VI.
6.3. At 6 dpf, the average L2-norm of the segmental displacement vectors in the control fish ranged from 3.9 to 8% after normalization [1]. The basal segments one and six recovered DIAMOND displacement to control levels, suggesting segmental regeneration [2]. 
6.3.1. LAB MEDIA: Figure 3 C. 
6.3.2. LAB MEDIA: Figure 3 C. Video Editor: Emphasize segments I and VI.

6.4. Meanwhile, a worsening in 2D basal strain from negative 53 to negative 38% was observed immediately after doxorubicin treatment [1], followed by a return to control levels 48 hours later, corroborating the DIAMOND displacement results [2]. 

6.4.1. LAB MEDIA: Figure 3 D. Video Editor: Emphasize the difference (marked with a black arrow).  
6.4.2. LAB MEDIA: Figure 3 E.

6.5. A parallel decrease and recovery of global ejection fraction, or EF, in response to treatment was also observed [1].

6.5.1.  LAB MEDIA: Figure 3 F and G. Video Editor: Emphasize F when VO says “decrease” and G when VO says “recovery”. 

6.6. DIAMOND was then applied during doxorubicin treatment and Notch pathway modulation using the Notch inhibitor DAPT and downstream effectors NICD and NRG1 mRNA [1]. The mRNA microinjection rescued the decrease in DIAMOND displacement and EF after acute chemotherapy-induced injury [2].

6.6.1. LAB MEDIA: Figure 4 A.
6.6.2. LAB MEDIA: Figure 4 B and D. Video Editor: Emphasize B when VO says “DIAMOND displacement” and D when VO says “ejection fraction”.

6.7. Moreover, inhibition of the Notch pathway after chemotherapy hindered the recovery of DIAMOND displacement of the basal segments and EF 48 hours after treatment [1], but the inhibition was rescued by the Notch downstream effectors [2]. 

6.7.1. LAB MEDIA: Figure 4 C and E. Video Editor: Emphasize the Dox + DAPT data in segments I and VI of C as well as the Dox + DAPT sham bar in E. 
6.7.2. LAB MEDIA: Figure 4 C and E. Video Editor: Emphasize the Dox + DAPT + NICD and Dox + DAPT + NRG1 data in segments I and VI of C as well as the Dox + DAPT + NICD and Dox + DAPT + NRG1 bars in E.






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

7.1. Junjie Chen: Traditional ejection fraction is known to be an insensitive and delayed indicator of myocardial injury. DIAMOND allows researchers to quantify the local cardiac function and unravel any heterogeneous muscle damage. 

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