[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 68172
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=20792508 

Title: High-Resolution C. elegans Imaging Across All Larval Stages

Authors and Affiliations: 
Simon Berger1*, Silvan Spiri1, Andrew deMello2, Alex Hajnal1
	
1Department of Molecular Life Sciences, University Zürich
2Institute for Chemical- and Bioengineering, ETH Zürich


☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Simon Berger		simon.berger@mls.uzh.ch


Email Addresses for All Authors: 
Silvan Spiri		silvan.spiri@berkeley.edu
Andrew deMello	andrew.demello@chem.ethz.ch
Alex Hajnal		alex.hajnal@mls.uzh.ch
Simon Berger		simon.berger@mls.uzh.ch




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.

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.

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:  23
Number of Shots:  44 (5 SC, 1 Scope) 

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 research questions will your laboratory focus on in the future?
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.

Testimonial Questions (OPTIONAL): 

Answers to these questions will not appear in the video but may be featured in our journal's promotional materials.
· Enter the full name of the author who will deliver the statement.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Answers will be mildly edited for clarity.
· Limit the length of each statement to 50 words or fewer.


How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. 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 50 or fewer words.
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. 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 50 or fewer words.


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.) 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 Chip for Worm Loading
Demonstrator: Click here to enter name of demonstrator(s) 


2.1. To begin, fill a syringe with deionized water [1]. Attach a 23-gauge needle and a long piece of 1 by 16-inch tubing with a hollow bent steel pin [2-TXT].  
2.1.1. WIDE: Talent filling a syringe with deionized water.
2.1.2. Talent attaching the needle and tubing with a bent steel pin to the syringe. TXT: Steel pin: Bent at a 900 angle to the syringe

2.2. Fill the tubing with deionized water from the syringe [1] and insert the steel pin into the punched hole of the valve inlet to connect the tubing [2].  
2.2.1. Talent filling the tubing with deionized water from the syringe.  
2.2.2. Talent inserting the steel pin into the punched hole of the valve inlet.

2.3. Remove the syringe and the needle [1] before attaching the tubing to the off-chip solenoid [2].  
2.3.1. Talent removing the syringe and needle from the tubing.  
2.3.2. Talent connecting the tubing to the off-chip solenoid.

2.4. Using the imaging software, turn on the solenoid and pressurize the device for several minutes to expel all air from the valve [1]. Verify completion by visually checking that the air-water interface appears dark and disappears into the PDMS material [2].  
2.4.1. SCREEN: Show the imaging software interface with talent turning on the solenoid.  
2.4.2. Shot of the chip showing the air-water interface disappearing into the PDMS material.
[bookmark: _Hlk162020732][bookmark: _Hlk162020892]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 (download the guidelines from the link given in the email): https://review.jove.com/account/file-uploader?src=20792508 

2.5. Turn off the solenoid using the imaging software [1].  
2.5.1. SCREEN: Show the imaging software with talent clicking to turn off the solenoid.

2.6. Next, fill a 1-milliliter syringe with the filtered bacteria solution [1] and attach a 30-gauge needle and a long piece of 1 by 32-inch tubing to the needle [2].  
2.6.1. Talent filling a 1 milliliter syringe with filtered bacteria solution.
2.6.2. Talent attaching the 30-gauge needle and 1/32-inch tubing to the syringe.

2.7. Press the plunger to fill both the needle and attached tubing with the bacteria solution [1].  
2.7.1. Talent pressing the plunger to fill the needle and tubing with the solution.

2.8. Then, using tweezers, insert the 1 by 32-inch tubing directly into the food inlet of the microfluidic device [1] and place the syringe on the syringe pump [2].  Press the syringe plunger using the thumbscrew at the back to fill the device with liquid [3].  
2.8.1. Talent using tweezers to insert the tubing into the food inlet.
2.8.2. Talent placing the syringe onto the syringe pump.
2.8.3. Talent adjusting the thumbscrew to press the syringe plunger and fill the device.

2.9. Block both the worm inlet and outlet with sealed steel pins [1] and apply additional pressure using the setscrew to remove any remaining air from the device [2].  
2.9.1. Talent blocking both the worm inlet and outlet with sealed steel pins.
2.9.2. Talent using the setscrew to apply pressure on the device.

2.10. Then, remove the blocked steel pin at the outlet [1] and attach the waste container to the outlet [1].  
2.10.1. Talent removing the blocked pin.
2.10.2. Talent attaching the waste container to the outlet.

2.11. Push the syringe to ensure the waste container is properly connected and that no blockages exist in the system [1].  
2.11.1. Talent pushing the syringe while visually confirming fluid flow into the waste container.

2.12. Remove the second blocked steel pin from the inlet [1] and push the syringe until a small drop of liquid appears at the worm inlet [2].  
2.12.1. Talent removing the second blocked pin from the worm inlet.
2.12.2. Talent pushing the syringe until a drop appears at the worm inlet.

2.13. Then, using a 23-gauge needle, attach a longer piece of 1 by 16-inch tubing, measuring approximately 15 to 20 centimeters, to a 1-milliliter syringe filled with S-Basal buffer [1].  Attach a straight 23-gauge steel pin to the other end of the tubing [2].
2.13.1. Talent attaching the longer tubing to the S-Basal buffer-filled syringe.
2.13.2. Talent attaching a straight steel pin to the other end of the tubing.

2.14. Fill the needle and tubing with S-Basal buffer from the syringe [1].  
2.14.1. Talent pressing the plunger to fill the needle and tubing with buffer.

2.15. Now, insert the steel pin at the end of the tubing into the tube containing the worms [1] and push a small amount of liquid through the tubing to ensure no air is left [2].  
2.15.1. Talent inserting the steel pin into the tube containing worms.
2.15.2. Talent pushing a small amount of liquid through the tubing.

2.16. Pull the worms into the tubing without pulling them into the syringe [1].  Then, push the syringe connected to the worms until a small drop of liquid appears on the steel pin [2] and insert the steel pin into the worm inlet of the microfluidic device [3].  
2.16.1. Talent carefully pulling worms into the tubing.
2.16.2. Talent pushing the syringe to form a small drop at the steel pin tip.
2.16.3. Talent inserting the steel pin into the worm inlet.

3. Worm Loading and Imaging
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Place the device onto a microscope at low magnification, either 5x or 10x, or onto a dissection microscope [1].  
3.1.1. Talent placing the device onto the microscope stage set at low magnification.

3.2. Position the device such that the inlet is visible on one side of the field of view and the back of the trap channel inlet is visible on the other side [1]. Gently push on the worm syringe’s plunger [2].  
3.2.1. Talent adjusting the position of the device on the microscope to show both the inlet and trap channel inlet.  
3.2.2. Talent gently pressing the worm syringe plunger.

3.3. Next, push the animals toward the channel array [1]. Once an animal faces the channel, push it into the channel, and repeat for additional animals [2]. After trapping sufficient animals, place the syringe, still attached to the worm inlet, on the microscope stage where it will remain throughout the experiment [3]. If loading was performed on a dissection microscope, transfer the device to the imaging microscope [4].  
3.3.1. Talent pushing the worms gently toward the channel array.  
3.3.2. Shot of the animal facing the channel.  
3.3.3. Talent placing the attached syringe onto the microscope stage.  
3.3.4. Talent transferring the device from a dissection microscope to the imaging microscope.

3.4. Now, switch on the syringe pump and run it at a preset rate of 1 microliter per hour for 0.5 microliters [1]. Then, increase the rate by 100 microliters per hour for 0.5 microliters [2]. Reduce the rate back to 1 microliter per hour [3]. Place the device onto the microscope stage and ensure it is firmly held [4].  
3.4.1. Talent switching on the syringe pump.  
3.4.2. SCREEN: Show pump interface with increased flow rate set to 100 microliters per hour.  
3.4.3. SCREEN: Show pump interface reducing flow rate back to 1 microliter per hour.  
3.4.4. Talent placing the device firmly onto the microscope stage.

3.5. Switch to the desired imaging magnification [1].  
3.5.1. Talent adjusting the microscope to the desired magnification.

3.6. Identify the animals and regions of interest within the trap channel array and set up the desired imaging conditions [1].  
3.6.1. SCOPE: View through the microscope identifying animals and regions of interest.

3.7. Image at the desired imaging conditions, actuating the on-chip valve through the solenoid 10 seconds before image acquisition so the animals are held in place [1].  
3.7.1. SCREEN: Show imaging software actuating the solenoid 10 seconds prior to image capture.

3.7.2. 

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: 140.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Representative Results 

4.1. The microfluidic device maintained high imaging quality across various microscopy modalities, including brightfield, epifluorescence, spinning disk confocal, and super-resolution methods, due to the use of a 170-micrometer-thick cover glass [1].  
4.1.1. LAB MEDIA: Figure 4 A B C.

4.2. Development of Caenorhabditis elegans epithelial cells epithelial cells from hatching or overnight starvation to the mid-L2 larval stage was visualized [1].
4.2.1. LAB MEDIA: Figure 4A.

4.3. Induction of the 1-degree-fated vulva precursor cells and their subsequent divisions from late L1 to the early L4 larval stage was evident [1].  
4.3.1. LAB MEDIA: Figure 4B. 

4.4. Vulva formation and eversion stages from early L3 to adulthood were enhanced through image deconvolution and registration, improving visual clarity [1].  
4.4.1. LAB MEDIA: Figure 4C.

4.5. Seam cell divisions occurred in a consistent and timely manner across all animals, with all divisions completed within typical larval stage durations [1].  
4.5.1. LAB MEDIA: Figure 4D. 

4.6. Gonad length increased steadily during L2 and L3 stages, with consistent measurements enabled by the straight orientation of animals [1].  
4.6.1. LAB MEDIA: Figure 4E. 
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