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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
√ Incorrect 

2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☒ 	Interview Statements are read by JoVE’s voiceover talent. 


[bookmark: Text5]3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: 10/16/2026)


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps:  24
Number of Shots:  31

Interviews 


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Stella Y. Sun: Our lab studies how cellular architecture organizes molecular machines in trypanosomes using cryo-electron tomography.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Stella Y. Sun: Existing tools visualize segmentations, but Blender adds flexible animation, lighting, and cellular context for scientific communication.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Hazen Hildebolt: This protocol helps researchers convert segmented cryo-ET data into clear three-dimensional visualizations and animations.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the most important consideration or challenge when performing this protocol.
1.5. Hazen Hildebolt: The key challenge is maintaining scientific accuracy while using illustrative models and animations to clarify complex structures.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.6. Hazen Hildebolt: Future studies can extend this workflow to other organelles, organisms, and dynamic cellular processes.
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Protocol  

2. Segmentation Import and Organization
Demonstrator: Hazen Hildebolt or Sophia Staggers

2.1. To begin, prepare the segmentation volume in Chimera, open the segmentation file in Chimera [1].
2.1.1. FILE: Movie_S1_chimera_file_export 00:00 – 00:08
2.2. In the Volume Viewer dialogue, set the display style to Surface, set Plane to All, and set Step to 1 to display the segmentation as a three-dimensional surface. Adjust the threshold in Volume Viewer until the desired structural components are clearly visible. Set the voxel size of each segmentation map to 1 to ensure consistent scaling and proportions among imported objects [1].
2.2.1. FILE: Movie_S1_chimera_file_export 00:10 – 00:25
2.3. Center and orient the segmentation to establish a clear reference point for exporting [1].
2.3.1. FILE: Movie_S1_chimera_file_export 00:25 – 00:30
2.4. To export the segmentation from Chimera, in the model view, navigate to File and click Export Scene [1].
2.4.1. FILE: Movie_S1_chimera_file_export 00:30 – 00:35
2.5. Select COLLADA as the export file type. Include the .dae (dot-D-A-E) file extension  [1]
2.5.1. FILE: Movie_S1_chimera_file_export 00:35 – 00:48
2.6. To import the segmentation, open Blender. Delete the default cube, camera, and light objects to start with a clean scene [1].
2.6.1. FILE: Movie_S2_blender_import 00:00 – 00:08
2.7. Navigate to File, click Import and choose Collada .dae. Select the file exported from Chimera. After importing the segmentation in, to the right Scene Collection panel, check the imported file [1].
2.7.1. FILE: Movie_S2_blender_import 00:08 – 00:20
2.8. Select the imported object node and adjust the scale of the X, Y, and Z axes to 0.01 or smaller if needed. Zoom out to locate the imported segmentation in the Blender viewport [1].
2.8.1. FILE: Movie_S2_blender_import 00:20 – 00:32
2.9. Perform further adjustments to the scale to make the segmentation manageable for visualization and animation [1].
2.9.1. FILE: Movie_S2_blender_import 00:32 – 00:52
2.10. To regroup each segmentation object, enter edit mode on top left and use Mesh, then Separate menu [1].
2.10.1. FILE: Movie_S3_separate_or_join_objects 00:00 – 00:05
2.11. Right-click the selected object, choose Separate, and select By Loose Parts [1]. 
2.11.1. FILE: Movie_S3_separate_or_join_objects 00:05 – 00:13
2.12. To regroup the related object components, return to the object mode, hold shift, and select all objects that should be combined [1].
2.12.1. FILE: Movie_S3_separate_or_join_objects 00:13 – 00:21
2.13. Right-click the selected objects and choose Join to merge them into a single object [1].
2.13.1. FILE: Movie_S3_separate_or_join_objects 00:21 – 00:30
3. Scene Preparation and Visualization
3.1. Add a ground surface under the model if needed [1]. To do so, go to the Add tab [2], hover over Mesh [3], and select Plane [4]. Use the same scaling and translation methods scale or translate the plane to the desired size and location [5]. 
3.1.1. FILE: Movie_S4_lighting_and_color 00:00–00:11
3.2. For positioning and scaling, use the Move tool in the toolbar on the left side of the window to position the entire segmentation to the center of the scene. Adjust the scale of the segmentation as needed [1].
3.2.1. FILE: Movie_S4_lighting_and_color 00:12–00:23
3.3. Add a new camera and add lighting by selecting the add option from the top left corner of the scene interface and choosing the desired object [1].
3.3.1. FILE: Movie_S4_lighting_and_color 00:24–00:29
3.4. To preview the model with full shading and reflections, navigate to the upper-right corner of the model screen and select the rightmost sphere, representing a real-time render of the environment [1]. 
3.4.1. FILE: Movie_S4_lighting_and_color 00:21 – 00:24
3.5. To apply the texture and colors, go to the Properties menu in the bottom left, and select the red sphere called Material Properties. Use the Material Properties panel to apply coloring to the model as needed. To highlight structural features, experiment with surface sliders such as Metallic, Roughness, and Alpha to achieve the desired texture [1].
3.5.1. FILE: Movie_S4_lighting_and_color 00:55 – 01:23
3.5.2. 

Results

4. Results 

4.1. Blender enabled high-quality animations and detailed representations of complex three-dimensional tomographic data after importing cryo-ET (cryo-E-T) segmentations [1].
4.1.1. LAB MEDIA: Figure 2. Video editor: In panel C, highlight the group of long white curved structures of microtubule doublets in the center.
4.2. Adjustments to materials, lighting, camera position, and camera movement emphasized specific structural features [1].
4.2.1. LAB MEDIA: Figure 4. Video editor: In panel B, highlight the red structures of microtubule doublets in the center and the color settings on the right.
4.3. Flexible camera control allowed movement around the model, focus on selected regions, and examination of structural relationships from multiple perspectives [1].
4.3.1. LAB MEDIA: Supplementary Video 5, 00:00–00:07. Video editor: Show the view moving around the group of colored structures and organelles of trypanosome flagellar base in the center.
4.4. Segmented flagellar structures positioned within a modeled cell body showed their approximate location within the broader cellular architecture [1].
4.4.1. LAB MEDIA: Supplementary Video 7, 00:00–00:05. Video editor: Show the view pulling back from the group of colored flagellar base structures to reveal them inside the large green cell.
4.5. Armature-based rigging introduced dynamic movement into illustrative models [1] and represented biological processes such as flagellar motion, changes in cell shape, or cell replication [2].
4.5.1. LAB MEDIA: Figure 7D. Video editor: Highlight the tall white tube in the center and the circular colored control lines around its lower end.
4.5.2. LAB MEDIA: Supplementary Video 6, 00:00–00:13. Video editor: Show the duplication and segregation of organelles including flagella in red and magenta, kinetoplast in light blue, nucleus in dark blue inside the cell and cell bodies in green.
4.6. Animations involving deformation, repositioning, or resizing represented illustrative changes rather than direct measurements from tomographic data [1].
4.6.1. LAB MEDIA: Figure 8. Video editor: Highlight the large green cell with the flagella in dark teal on the right in panel A, then the smaller view of the same green cell in panel B.
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