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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?  Yes, all done  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length
Number of Steps:  23
Number of Shots:  44 (5 SC, 3 Scope) 

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


1.1. Simon Berger: In the lab we work on all kinds of questions related to developmental biology. I personally work on the more technical side, developing methods to better address these questions using imaging techniques.
1.1.1. [bookmark: _Hlk194676695]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1

What technologies are currently used to advance research in your field?
1.2. Simon Berger: The C. elegans field has successfully adopted a huge variety of methods, ranging from CRISPR gene editing, transcriptomics and proteomics, all the way to super resolution microscopy.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1

What are the current experimental challenges?
1.3. Simon Berger: C. elegans is an amazing model. However, in the context of in vivo observation at high resolution it comes with its challenges. Requiring immobilization for best resolution which in turn limits animal viability.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.1


What research gap are you addressing with your protocol?
1.4. Simon Berger: The protocol presents one solution to long-term C. elegans imaging. Allowing researchers to adopt the method in their own lab and then study a variety of dynamic developmental processes, directly in vivo.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.6.1


What new scientific questions have your results paved the way for?
1.5. Simon Berger: Within the lab this method has allowed detailed observation of organ formation, e.g. in vulval formation, or following somatic cell division into adulthood. The method is currently used in numerous labs, studying diverse developmental processes.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.8.3



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

Testimonial Questions (OPTIONAL): 


How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.6. Simon Berger: The long-term imaging method is already quite widespread in the worm community. However, its implementation is somewhat complex, keeping researchers from adopting it. Publishing the JoVE article will significantly lower the barrier to get started, and as such will significantly increase the methods impact on the field.
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.6.1




Protocol  
2. Preparation of Chip for Worm Loading
Demonstrator: Simon Berger 

2.1. To begin, attach the device to the support frame and mount it on the upright microscope [1]. Fill a syringe with deionized water [2]. Then, attach a 23-gauge needle and a long piece of 1 by 16-inch tubing with a hollow bent steel pin [3-TXT].  NOTE: VO added for the extra shot, and sequence numbering is adjusted
Added shot: Talent attaching the device to the support frame and mounting in on the microscope.
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. [bookmark: _Hlk197613921]SCREEN: 68172_Screenshot_1.mp4 00:08-00:15
2.4.2. SCREEN: 68172_Screenshot_1.mp4 00:20-00:22 AND 04:45-04:47 AND 05:35-05:40

2.5. Turn off the solenoid using the imaging software [1].  
2.5.1. SCREEN: 68172_Screenshot_1.mp4. 06:45-06:49

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 [2].  
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

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. SCOPE: 68172_Scope_1.avi. 00:01-00:08 AND 00:24-00:30
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. SCOPE: 68172_Scope_2.avi   00:58-01:00 AND 02:58-03:00
3.3.2. Talent placing the attached syringe onto the microscope stage.  
3.3.3. 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. Show pump interface with increased flow rate set to 100 microliters per hour.  
3.4.3. 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: 68172_Screenshot_2.mp4. 00:01-00:06

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] [2]. 
3.7.1. SCREEN: 68172_Screenshot_3.mp4 00:06-00:12
3.7.2. [bookmark: _Hlk165877925]SCREEN: 68172_Screenshot_2.mp400:18-00:24  Video Editor: Use a split screen to show both the clips 3.7.1 and 3.7.2 simultaneously

3.7.3. 

Results
4. 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 visualized from early L1 to the mid-L2 larval stage [1].
4.2.1. LAB MEDIA: Figure 4A.

4.3. Induction of the primary-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 stages from early L3 to adulthood. Acquired images 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. 


Pronunciation guide 
1. Microscope
Pronunciation link:
https://www.merriam-webster.com/dictionary/microscope
IPA: /ˈmaɪ.krəˌskoʊp/
Phonetic Spelling: my-kruh-skohp

2. Deionized
Pronunciation link:
https://www.howtopronounce.com/deionized
IPA: /diːˈaɪ.ə.naɪzd/
Phonetic Spelling: dee-eye-uh-nyzd

3. Solenoid
Pronunciation link:
https://www.merriam-webster.com/dictionary/solenoid
IPA: /ˈsoʊ.ləˌnɔɪd/
Phonetic Spelling: soh-luh-noyd

4. PDMS (Polydimethylsiloxane, abbreviation commonly spoken as P-D-M-S)
Pronunciation link:
https://www.howtopronounce.com/pdms
IPA: /ˌpiː.diː.emˈɛs/
Phonetic Spelling: pee-dee-em-ess

5. Syringe
Pronunciation link:
https://www.merriam-webster.com/dictionary/syringe
IPA: /səˈrɪndʒ/ or /ˈsɪr.ɪndʒ/
Phonetic Spelling: suh-rinj or sir-inj

6. Caenorhabditis elegans
Pronunciation link:
https://www.howtopronounce.com/caenorhabditis-elegans
IPA: /ˌseɪ.nəˈræb.dɪ.tɪs ˈɛl.əˌɡænz/
Phonetic Spelling: say-nuh-rab-di-tis el-uh-ganz

7. Epifluorescence
Pronunciation link:
https://www.howtopronounce.com/epifluorescence
IPA: /ˌɛp.i.flʊˈrɛs.əns/
Phonetic Spelling: eh-pee-floo-res-ens

8. Confocal
Pronunciation link:
https://www.merriam-webster.com/dictionary/confocal
IPA: /kənˈfoʊ.kəl/
Phonetic Spelling: kuhn-foh-kuhl

9. Deconvolution
Pronunciation link:
https://www.howtopronounce.com/deconvolution
IPA: /ˌdiː.kɒn.vəˈluː.ʃən/
Phonetic Spelling: dee-kon-vuh-loo-shun

10. Orientation
Pronunciation link:
https://www.merriam-webster.com/dictionary/orientation
IPA: /ˌɔː.ri.ənˈteɪ.ʃən/
Phonetic Spelling: awr-ee-en-tay-shun

11. Larval
Pronunciation link:
https://www.merriam-webster.com/dictionary/larval
IPA: /ˈlɑːr.vəl/
Phonetic Spelling: lar-vuhl

12. Vulva
Pronunciation link:
https://www.merriam-webster.com/dictionary/vulva
IPA: /ˈvʌl.və/
Phonetic Spelling: vuhl-vuh

13. Epithelial
Pronunciation link:
https://www.merriam-webster.com/dictionary/epithelial
IPA: /ˌɛp.əˈθiː.li.əl/
Phonetic Spelling: eh-puh-thee-lee-uhl

14. Basal
Pronunciation link:
https://www.merriam-webster.com/dictionary/basal
IPA: /ˈbeɪ.səl/ or /ˈbæ.səl/
Phonetic Spelling: bay-suhl or ba-suhl

15. Microfluidic
Pronunciation link:
https://www.howtopronounce.com/microfluidic
IPA: /ˌmaɪ.kroʊ.fluˈɪ.dɪk/
Phonetic Spelling: my-kroh-floo-ih-dik
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