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Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  Y  
If you require a microscope for your technique but can record movies/images through your microscope with your own camera, please indicate Yes here: Enter Yes or No.  
If you require a microscope but do not have a camera, JoVE will need to use our scope kit to film through a camera port or one of the oculars of your microscope. Please list the make and model of your microscope here: Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
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. Please upload all screen captured video files to your project page as soon as reasonably possible.

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

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

☐ 	Author interview statement opt out (interview statements removed completely from paper). 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
 

· To ensure that your script can be filmed in one day, the Introduction, Protocol, and Conclusion sections are restricted to 55 shots (i.e., designated as 1.1.1., 1.2.1., etc). 

Protocol Length
Number of Shots: 42


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

REQUIRED: What is the main advantage of this technique?

1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

Is each interview statement 30 words or fewer? ☐ Yes
Has any author been assigned more than two statements? ☐ No

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.[1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera



Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.
2. 4D Microscope and Slide Preparation 
2.1. Before preparing the embryos, adjust the recording temperature of the 4D microscope to 15, 20, or 25 degrees Celsius [1] and set the microscope to record 1500, 30-focal plane z-stacks 1-micron apart with 30-second intervals between the beginning of each stack [2].
2.1.1. WIDE: Talent adjusting recording temperature, with monitor visible in frame
2.1.2. SCREEN: To be provided by Authors: Z-stack recording parameters being set
2.2. Next, aliquot 500-100 microliters of liquid 4.5% agar into 3-milliliter glass tubes [1] and carefully seal the tubes with wax film to avoid desiccation [2].
2.2.1. Talent adding agar to tube(s)
2.2.2. Talent sealing tube

2.3. To prepare a thin, homogenous agar pad for the recording, carefully heat an aliquot of agar over an alcohol burner until the agar is melted [1] and place the tube in an 80-degree Celsius heat block [2].

2.3.1. Talent wearing gloves or holding tube with tongs, heating tube over burner
2.3.2. Talent placing tube into heat block

2.4. Next, place a glass microscope slide onto a piece of plastic [1] and use a Pasteur pipette in one hand to place a small drop of melted agar into the center of the slide [2].

2.4.1. Talent placing slide onto plastic
2.4.2. Talent adding drop onto slide

2.5. Then immediately use the other hand to place a second slide onto the agar drop to create a very thin aga pad [1].

2.5.1. Slide being placed

3. Embryo Mounting

3.1. To mount the embryos, first us a picker to transfer 5-10 gravid hermaphrodites into a watchmaker glass filled with water under a stereomicroscope [1].

3.1.1. WIDE: Talent transferring hermaphrodite into glass under microscope

3.2. [bookmark: __DdeLink__3642_1848955461]Use a scalpel to cut open the hermaphrodite nematodes [1] and extract 1-4 early eggs from the uterus [2].

3.2.1. SCOPE: Nematode being opened
3.2.2. SCOPE: Egg(s) being extracted

3.3. Gently slip the top slide off of the agar pad [1] and use a capillary tube to place an early egg into the center of the pad [2].

3.3.1. Talent removing slide from pad
3.3.2. SCOPE: Egg being added to pad

3.4. Use an eyelash glued to the end of a toothpick to adjust the egg position as necessary [1] and use the capillary pipette to remove any excess water [2].

3.4.1. SCOPE: Position being adjusted
3.4.2. SCOPE: Water being removed

3.5. Use a scalpel to slowly and obliquely drape a coverslip over the preparation [1] before using a micropipette to fill three-quarters of the space surrounding the agar pad with water [2].

3.5.1. Coverslip being placed
3.5.2. Water being added to space

3.6. Then seal the coverslip with petroleum jelly to avoid desiccation during long recording periods [1].

3.6.1. Petroleum jelly being applied

4. 4D Microscope 3D Image Acquisition

4.1. After sealing, place the slide onto the 4D microscope stage [1] and use a low magnification objective to bring the embryo into focus [2].

4.1.1. WIDE: Talent placing slide onto stage
4.1.2. Talent focusing on slide, with monitor visible in frame as relevant

4.2. Select the 100x immersion objective [1] and focus the condenser [2].

4.2.1. Talent selecting objective
4.2.2. Talent focusing condenser, with monitor visible in frame as relevant

4.3. Completely open the aperture of the condenser [1] and close the field diaphragm to provide a higher numerical aperture and greater resolution [2].

4.3.1. Talent opening aperture
4.3.2. Talent closing diaphragm

4.4. Turn the Wollaston prism [1] to obtain a three-dimensional image of the embryo, illuminated on one side [2].

4.4.1. Talent turning prism
4.4.2. SCREEN: To be provided by Authors: 3D image being obtained

4.5. Then turn the prism in the other direction to get the effect of having the embryo illuminated on the other side and launch the image capture in the microscope software [1].

4.5.1. SCREEN: To be provided by Authors: Image being illuminated on other side, then image capture being launched

5. 4D Movie Recording

5.1. To record a 4D movie, open the lineage tracing software [1] and select File and New project [2].

5.1.1. WIDE: Talent opening software, with monitor visible in frame
5.1.2. SCREEN: To be provided by Authors: File and New project being selected

5.2. Select the appropriate cell lineage template depending on the recording temperature and set the scan count to 1500, the time between scans to 30 seconds, the level count to 30, and the distance between levels to 1 micron [1-TXT].	Comment by Bridget Colvin: Authors: Weren’t these parameters already set in 2.1.2.?

5.2.1. SCREEN: To be provided by Authors: Template being selected TEXT: i.e., DB08 for recording at 25 °C, DB10 for recording at 20 °C and DB12 for recording at 15 °C then recording parameters being set

5.3. Select the image file, format, and directory into which the images will be saved [1].

5.3.1. SCREEN: To be provided by Authors: File, format, and directory being selected

5.4. Select whether the images should be saved as single images or as multi-image z-stacks and set the file naming and image formats [1].

5.4.1. SCREEN: To be provided by Authors: Image saving parameters being set

5.5. Then click channel processing enabled to detect and set the appropriate light channels and begin the 4D movie recording [1].

5.5.1. SCREEN: To be provided by Authors: Channel processing enabled being clicked, light channels being set, then recording being initiated

6. 4D Microscope Movie Analysis

6.1. For 4D movie analysis, initiate the cell lineage tracing in the microscope software [1]. A video window and a cell lineage window will appear [2].

6.1.1. WIDE: Talent starting cell lineage tracing
6.1.2. SCREEN: To be provided by Authors: Shot of video and cell lineage windows

6.2. In the lineage window, select a lineage branch and click the cell nucleus corresponding to this cell in the video window [1].

6.2.1. SCREEN: To be provided by Authors: Branch being selected, then nucleus being clicked

6.3. Play the 4D movie forward, backward, or up or down a level to follow the cell of interest spatially over time [1].

6.3.1. SCREEN: To be provided by Authors: Movie being played forward or backward or up and down

6.4. Periodically click on the cell nucleus to generate a point in the lineage branch and to register the spatial coordinates of the cell at a specific time. As a result, cell lineage progressions and 3D reconstructions of the embryo are possible [1].

6.4.1. SCREEN: To be provided by Authors: Nucleus being clicked/coordinates being registered, then progression and/or 3D reconstruction being generated

6.5. Then press the Return key to mark mitosis and select one of the daughter cells to follow the cell progression as just demonstrated [1].

6.5.1. SCREEN: To be provided by Authors: Mitosis being marked, then cell being selected and/or followed

6.6. Repeat the analysis for the rest of the embryonic cells to trace the complete cell lineage or to follow specific cells of interest, such as those undergoing apoptosis [1], to allow the comparison of mutant lineages of interest with the stereotyped wild type C. elegans cell lineage [2].

6.6.1. Talent at computer, repeating analysis for new cell, with monitor visible in frame
6.6.2. LAB MEDIA: Figure 4A







Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.


Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 103. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.
7. [bookmark: _Hlk27388131]Results: Representative C. elegans Cell Lineage Tracing and Embryonic Development Evaluation

7.1. Worm plates are incubated within cardboard boxes to avoid condensation [1].

7.1.1. LAB MEDIA: Figure 1

7.2. Once the recording is completed, the cell lineage can be reconstructed using lineage tracing software as demonstrated [1].

7.2.1. LAB MEDIA: Figure 4A Video Editor: please sequentially emphasize cell lineage window

7.3. For example, in this representative analysis, the traced gsr-1 (G-S-R-one) mutant embryonic cell lineage [1] was compared with the C. elegans wild type lineage [2] and the detection of a progressive delay of the cell cycle during embryonic development was revealed [3].

7.3.1. LAB MEDIA: Figure 4A Video Editor: please emphasize cell lineage on left side on cell lineage window 
7.3.2. LAB MEDIA: Figure 4A Video Editor: please emphasize cell lineage in on right side of cell lineage window
7.3.3. LAB MEDIA: Figure 4 Video Editor: please sequentially add/emphasize Figures 4B, 4C, and 4D

7.4. As a consequence, mutant embryos arrested at intermediate stages [1] whereas wild type embryos progressed and finally hatched as larvae [2].

7.4.1. LAB MEDIA: Figure 4 Video Editor: please emphasize left image in Figure 4D
7.4.2. LAB MEDIA: Figure 4 Video Editor: please emphasize right image in Figure 4D

7.5. In addition, other important features of embryonic development [1], such as apoptosis, can be dynamically visualized using 4D microscopy [2].

7.5.1. LAB MEDIA: Figure 5 
7.5.2. LAB MEDIA: Figure 5 Video Editor: please emphasize yellow arrows/cells indicated by yellow arrows





Conclusion
8. Conclusion Interview Statements
Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will deliver the statement. 

What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  

Is each interview statement 30 words or fewer? ☐ Yes

Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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