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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 something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible. https://review.jove.com/account/file-uploader?src=21031323

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


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)


Current Protocol Length
Number of Steps: 18
Number of Shots: 35 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· 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: What is the scope of your research? What questions are you trying to 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.

What are the most recent developments in your field of research?
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.
What technologies are currently used to advance research in your field?
1.3. 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.
What are the current experimental challenges?
1.4. 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.

What significant findings have you established in your field?
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.

What research gap are you addressing with your protocol?
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.

What advantage does your protocol offer compared to other techniques?
1.7. 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.
How will your findings advance research in your field?
1.8. 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.
What new scientific questions have your results paved the way for?
1.9. 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.
What questions will future research focus on?
1.10. 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.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Preparation of Caenorhabditis elegans for Data Acquisition
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, pipette 0.5 milliliters of Escherichia coli (esh-uh-RIK-ee-uh KOH-lye) with an OD600 (O-D-Six-Hundred)  onto each Nematode Growth Medium agar plate to provide food for the nematodes [1]. Wait for the Escherichia coli to dry completely on the surface of each agar plate [2].
2.1.1. WIDE: Talent pipetting 0.5 milliliters of E. coli onto multiple agar plates.
2.1.2. Close-up of plates left uncovered to show E. coli drying on the agar surface.

2.2. Obtain a control plate of Caenorhabditis elegans (SEE-no-RAB-di-tis EL-eh-ganz) from a biological materials supplier to use for generating age-synchronized nematode populations [1].
2.2.1. Talent showing a control plate of C. elegans.

2.3. Using a Bunsen burner, sterilize a platinum pick in the flame until it glows orange [1]. Under a dissecting microscope, use the sterilized pick to collect 5 to 10 adult wild-type  Caenorhabditis elegans [2]. Transfer the picked worms onto a prepared agar plate [3].
2.3.1. Talent holding a platinum pick in the Bunsen burner flame until red-hot.
2.3.2. SCOPE: View through the dissecting microscope showing the talent picking adult nematodes.
2.3.3. SCOPE: Talent gently transferring the picked worms onto the surface of an agar plate. 

2.4. After the egg-laying period of 4 to 5 hours, remove the adult worms from the plate using a platinum pick [1]. Incubate the remaining plate to allow the eggs to develop until the desired day of use [2].
2.4.1. SCOPE: Talent picking and removing adult nematodes from the plate after 4 to 5 hours.
2.4.2. Talent placing the plate into an incubator.

2.5. On the day of data collection, fill a 4.5 milliliter optical-grade quartz cuvette with room temperature distilled water just below the rim to prevent spillage [1-TXT]. Use a platinum pick to gently transfer 2 to 3 nematodes into the cuvette [2]. Once the nematodes are inside, place the cuvette on its side to facilitate alignment of the worm with the laser beam [3]. Observe the swimming motion of the fully immersed nematodes, which may float toward the bottom but remain active [4].
2.5.1. Talent filling the quartz cuvette with distilled water just below the top edge. TXT: Dimensions: 10 mm x 10 mm x 45 mm
2.5.2. SCOPE: Talent transferring 2 to 3 C. elegans into the water-filled cuvette using a pick.
2.5.3. Talent placing the cuvette on its side on the experimental setup.
2.5.4. SCOPE: Close-up of nematodes swimming and undulating near the bottom of the cuvette.

3. Data Collection Using Far-field Diffraction Setup 
3.1. Set up the experimental system [1], with a modification involving the construction of a periscope using two mirrors [2]. Position the cuvette on its side between the two mirrors to simplify alignment of the worm in the laser beam [3]. Instead of a camera, position a photodetector in the diffraction pattern to collect optical signals [4].
3.1.1. Shot of the experimental setup.
3.1.2. Talent assembling a periscope by aligning two mirrors vertically.
3.1.3. Talent placing the cuvette horizontally between the two mirrors in the periscope.
3.1.4. Talent placing a photodetector in line with the diffraction pattern path.

3.2. Then, turn on the Helium Neon laser and allow it to warm up for approximately 15 minutes until it reaches thermal equilibrium [1].
3.2.1. Talent switching on the Helium Neon laser.

3.3. Start the digital oscilloscope to initiate data collection [1]. To configure the oscilloscope, set the time interval to 100 seconds and select a memory buffer of at least 100 kilosamples per second [2].
3.3.1. Talent powering on the oscilloscope and preparing to run a measurement.
3.3.2. SCREEN: Show the oscilloscope interface with the time interval set to 100 s and the memory buffer adjusted to 100 kS/s.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21031323

3.4. Set the data acquisition resolution to 1 kilohertz [1]. Adjust the bit resolution to 12 bits to ensure sensitivity to small-scale amplitude variations [2]. Use the Auto AC offset function on the oscilloscope to center the intensity oscillations at zero volts [3].
3.4.1. SCREEN: Show the oscilloscope settings being configured to 1 kHz sampling rate.
3.4.2. SCREEN: Show the bit depth parameter being set to 12 bits in the oscilloscope software.
3.4.3. SCREEN: Demonstrate enabling the Auto AC offset function and show the time series centering at zero volts.

3.5. Next, use a sterilized platinum pick to gently transfer 2 to 3 nematodes into a cuvette filled with distilled water [1-TXT].
3.5.1. SCOPE: Talent picking 2 to 3 nematodes and carefully placing them into the water-filled cuvette. TXT: Avoid shaking the cuvette

3.6. Insert the cuvette containing the nematodes into the periscope assembly [1] and adjust the setup to center one nematode precisely in the laser beam path [2].
3.6.1. Talent placing the cuvette between the two mirrors in the periscope.
3.6.2. Talent manipulating the cuvette to align a single nematode in the center of the laser beam.

3.7. Observe the formation of a far-field diffraction pattern approximately 50 centimeters beyond the periscope once a Caenorhabditis elegans is centered in the laser beam [1].
3.7.1. WIDE: Far-field diffraction pattern appearing on a screen or wall roughly 50 centimeters from the periscope.

3.8. Position the photodiode in the far-field diffraction pattern as a nematode traverses the laser beam [1]. Record data for at least 10 seconds to collect a minimum of 10,000 data points, which is necessary for accurate calculation of the Largest Lyapunov Exponent [2-TXT].
3.8.1. Talent inserting the photodiode into the path of the diffraction pattern. TXT: Position PD off-center to capture diffracted light
3.8.2. SCREEN: Show the oscilloscope display as data recording progresses past 10 seconds with a live data counter reaching at least 10,000 samples. TXT: Repeat data collection daily (9–15 times) for ages 3–12 days at the same time

3.9. Examine the time series to identify segments where the nematode is freely swimming within the laser beam [1].
3.9.1. SCREEN: Display of the time series data showing a clear, uninterrupted 20-second signal segment being selected.

3.10. Analyze the time series to evaluate the signal-to-noise ratio. Establish the baseline noise level by recording a time series without a nematode in the cuvette [1]. Confirm that both the amplitude and features of the experimental signal exceed twice the noise level [2].
3.10.1. SCREEN: Side-by-side comparison of signal with nematode and noise recording without nematode. 
3.10.2. SCREEN: Experimental time series with marked features showing they exceed twice the noise threshold.

3.11. Discard any portion of the time series containing saturated data [1]. 
3.11.1. SCREEN: Saturated sections of the signal highlighted and excluded from analysis.

3.12. Identify the first minimum in the mutual information graph within the time range of 0.140 to 0.240 seconds [1]. Select a lag value that effectively separates the phase trajectories to allow for clear divergence measurements [2].
3.12.1. SCREEN: Zoomed-in view of the mutual information graph highlighting the first minimum within 140 to 240 data points.
3.12.2. SCREEN: Cursor selecting a lag point at the first clear minimum in the graph, with overlay of the corresponding time in seconds.

3.13. Determine the embedding dimension using the false nearest neighbors method. Select the lowest dimension at which the percentage of false nearest neighbors stabilizes at a minimum [1]. 
3.13.1. SCREEN: User selecting the lowest embedding dimension at which the FNN percentage stabilizes. TXT:  Apply the Abarbanel et al. method 

3.13.2. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 84.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. The largest Lyapunov exponent peaked at day 5 [1], then declined steadily from day 6 through day 12 [2].
4.1.1. LAB MEDIA: Figure 7. Video editor: Highlight the data point at day 5 where the orange curve reaches its highest value.
4.1.2. LAB MEDIA: Figure 7. Video editor: Highlight the descending trend in the orange curve from day 6 to day 12.

4.2. The divergence of nearby trajectories initially increased exponentially before reaching a plateau, confirming the bounded chaotic behavior of the system [1].
4.2.1. LAB MEDIA: Figure 8. Video editor: Emphasize the widening gap between the two diverging curves as they move upward from x(0).

4.3. A linear slope was observed in the early portion of the log divergence curve, providing a reliable estimate of the largest Lyapunov exponent [1].
4.3.1. LAB MEDIA: Figure 9. Video editor: Highlight the red line 

4.4. Mean swimming frequency declined from day 3 to day 12 [1], with a noticeable breakdown in the trend on day 12 [2].
4.4.1. LAB MEDIA: Figure 10. Video editor: Trace the downward slope from day 3 through day 11.
4.4.2. LAB MEDIA: Figure 10. Video editor: Highlight the jump or irregularity in frequency at day 12.
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