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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  
If Yes, can you record movies/images using your own microscope camera?
Yes. We have an iPad that is able to be adapted to the microscope to show the view through the microscope.
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.
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.).
2.1.2, 2.1.3, 2.2.1,2.2.4, 3.1.1, 3.3.1, 3.3.2, 3.3.3, 4.1.1, 4.1.3, 5.1.1, 5.1.3, 5.2.1,6.1.1 6.1.3 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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/files_upload.php?src=21865193
 
3. Filming location: Will the filming need to take place in multiple locations? No
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. No

Current Protocol Length
Number of Steps: 17  
Number of Shots: 30  

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

Authors: Some statements have been edited for length and clarity. 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. Shelby Innes: We present reproducible methods to quantify resistance to heat, endoplasmic reticulum, mitochondrial, and oxidative stress in live C. elegans.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Shelby Innes: Researchers can use this protocol in C. elegans to compare how genetic changes, neuronal manipulations, or treatments affect stress resistance.
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?
1.3. Andrea Miller: This protocol allows researchers to assess whole-organism resistance to heat, ER, mitochondrial and oxidative stress in C. elegans. 
1.3.1. 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.
1.4. Andrea Miller: The most important consideration is to select a stress condition that produces a reproducible, intermediate survival response.
1.4.1. 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.
1.5. Andrea Miller: Future studies can use these assays to examine how genes, neurons, and metabolic pathways influence resistance to different stressors.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 



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





Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Worm Maintenance and Synchronization
Demonstrator: Mingyi Liu 

2.1. Begin [1] by transferring 20 to 40 gravid adult Caenorhabditis elegans onto a fresh OP50 (O-P-fifty) -seeded NGM (n-g-m) plate using a platinum wire pick [2]. Remove any larvae or eggs that were transferred with the adults [3] and record the number of gravid worms placed on the plate using a manual counter [4].
2.1.1. WIDE: Talent placing the plate containing C. elegans worms onto the dissecting microscope.	Comment by Ruchira  Mukherji: Authors: Please do not place the demonstrator’s name before “Talent,” as this does not follow our scriptwriting convention.
2.1.2. SCOPE: Talent transferring gravid adult worms onto a fresh OP50-seeded NGM plate using a platinum wire pick.
2.1.3. SCOPE: Talent removing any larvae or eggs accidentally transferred with the adult worms. 
2.1.4. WIDE: Talent recording the number of gravid worms placed on the plate with a manual counter and showing the final number on the counter.

2.2. After approximately 2 hours, remove the gravid adults from the plate [1] and confirm that all 20 to 40 worms have been recovered by recording the number of worms using a manual counter [2]. 
2.2.1. SCOPE: Talent removing the gravid adult worms from the plate after the egg-laying period. 	Comment by Ruchira  Mukherji: Authors : Please NOTE, this information - Demonstrate how to look for the worms that may be hiding along the edges of the plate, as well as worms that have dried out and died on the sides of the plate - cannot be added here. Filming details can be discussed with on-site videographer on the day of filming.
2.2.2. ECU: Talent counting the removed gravid worms and confirming that all worms have been recovered by checking the number on a manual counter.


2.3. Incubate the egg-containing plates at 20 degrees Celsius for approximately 54 to 58 hours, until the worms reach the late L4 (L-four) stage [1]. Before beginning the stress assays, examine the synchronized worms and confirm the defining features of the late L4 stage [2].
2.3.1. WIDE: Talent placing the egg-containing plates in a 20 degrees Celsius incubator.
2.3.2. SCOPE: A pre-prepared plate of synchronized late-L4 worms, with talent identifying the stage-defining features. 

3. Heat Stress Assay
Demonstrator: Mingyi Liu 

3.1. Transfer synchronized late-L4 worms to four 35-millimeter OP50-seeded NGM plates per group, with 30 to 35 worms per plate. [1-TXT]. Place the plates in separate incubators pre-equilibrated to 30, 35, or 37 degrees Celsius[2]. For the 35 degrees Celsius assay, arrange all plates agar-side down in a single layer for rapid, uniform temperature equilibration, placing the plates from different groups to facilitate alternating counting [3].
3.1.1. SCOPE: Talent transferring synchronized late-L4 worms onto four labeled 35-millimeter OP50-seeded NGM plates. 
TXT - See the text protocol for worm transfer timing details before the heat stress
3.1.2. WIDE: Talent placing the assay plates into an incubator set to the selected heat-stress temperature.
3.1.3. CU: Talent arranging assay plates agar-side down in a single layer inside the 35 degrees Celsius incubator. 

3.2. At each scoring time point, remove only the plate being examined and keep all other plates at the designated heat-stress temperature [1]. Count the dead worms on each technical replicate while recording the observed number on a scoring sheet [2]. When comparing three groups with four plates each, score one replicate from each group in sequence, proceeding from A1, B1, and C1 through A4, B4, and C4 [3].	Comment by Ruchira  Mukherji: Authors: Please NOTE - Unfortunately we can only talk about one method in the written script, however during filming if you choose to follow this method - Alternatively, the classic method can be used to score both dead and live worms for each technical replicate - changes can be made in postshoot stage.
3.2.1. WIDE: Talent removing one assay plate while leaving all other plates in the heat-stress incubator. 
3.2.2. CU: Talent entering the observed mortality number on the scoring data sheet. Show the classical method sheet at the same time. 
3.2.3. WIDE: Labeled assay plates being arranged in the scoring order A1, B1, C1 through A4, B4, C4.

3.3. Score spontaneously moving worms as alive [1]. For a worm without spontaneous movement, touch the posterior body region twice with a platinum wire pick [2]. Observe for approximately 2 seconds after each touch; record a worm that does not respond as dead and remove it from the plate [3]. Use a hand tally counter and a grid beneath the plate to avoid missed or repeated counts [4]. 
3.3.1. SCOPE: An actively moving worm being identified as alive without physical stimulation.
3.3.2. SCOPE: A dying or nonmoving worm before and after talent gently touches its posterior body region twice with a platinum wire pick. 
3.3.3. SCOPE: Talent recording and removing a worm that shows no movement response.
3.3.4. CU: Talent using a hand tally counter while progressing across the gridded assay plate.


4. Endoplasmic Reticulum Stress Assay
Demonstrator: Andrea Miller

4.1. Transfer synchronized late-L4 worms onto tunicamycin-containing OP50-seeded 35-millimeter NGM plates, using four technical-replicate plates per group and 30 to 35 worms per plate [1-TXT]. Incubate all plates at 20 degrees Celsius [2]. Using the established grid and tally-counter method, score and record mortality daily under a dissecting microscope [3]. 
4.1.1. SCOPE: Talent transferring 30 to 35 synchronized late-L4 worms onto a labeled tunicamycin-containing assay plate. TXT- Tunicamycin concentrations: 25, 50, 100, or 200 µg/mL
4.1.2. WIDE: Talent placing all ER-stress assay plates in a 20 degrees Celsius incubator.
4.1.3. SCOPE: Representative daily mortality scoring on a tunicamycin-containing plate using a grid and tally counter.

5. Mitochondrial Stress Assay
Demonstrator: Amit Dutta 

5.1. For this assay, transfer synchronized late-L4 worms onto antimycin A-containing OP50-seeded 35-millimeter NGM plates, using four technical-replicate plates per group and 30 to 35 worms per plate [1-TXT]. Incubate all plates at 20 degrees Celsius [2]. Using the grid-and-tally-counter method as described previously, score and record daily mortality under a dissecting microscope [3]. 
5.1.1. SCOPE: Talent transferring 30 to 35 synchronized late-L4 worms onto a labeled antimycin A-containing assay plate. TXT- Antimycin-A concentrations: 5, 10, 20, 40, or 80 µg/mL 
5.1.2. WIDE: Talent placing all mitochondrial-stress assay plates in a 20 degrees Celsius incubator.
5.1.3. SCOPE: Representative daily mortality scoring on an antimycin A-containing plate using a grid and tally counter.

5.2. During the first 10 days of the mitochondrial stress assay, transfer the worms to fresh antimycin A-containing plates every 2 days to prevent crowding and starvation and to distinguish the experimental worms from their progeny. Each transfer should be after counting [1]. 
5.2.1. SCOPE: Talent transferring worms from old antimycin A-containing assay plate to a fresh antimycin A-containing plate. 

6. Oxidative Stress Assay
Demonstrator: Shelby Innes

6.1. To set up this assay, transfer synchronized late-L4 worms onto paraquat-containing OP50-seeded 35-millimeter NGM plates, using four technical-replicate plates per group and 30 to 35 worms per plate [1-TXT]. Incubate all plates at 20 degrees Celsius [2]. Using the established grid and tally-counter method, score and record mortality daily under a dissecting microscope [3]. 
6.1.1. SCOPE: Talent transferring 30 to 35 synchronized late-L4 worms onto a labeled paraquat-containing assay plate. TXT- Paraquat concentrations: 2.5, 5, 10, or 20 mM
6.1.2. WIDE: Talent placing all oxidative-stress assay plates in a 20 degrees Celsius incubator.
6.1.3. SCOPE: Representative daily mortality scoring on a paraquat-containing plate using a grid and tally counter. 	Comment by Ruchira  Mukherji: Authors - Please NOTE filming details should not be added here -Show the iPad view of the worm on the plate, typically with a small number of larvae present that are unable to grow up to adult.

7. Survival Data Analysis
Demonstrator: Mingyi Liu 

7. Launch the OASIS (oasis) 2 software [1].Enter the mortality data from each scoring time-point into OASIS 2 [2]. Generate Kaplan-Meier survival curves and perform log-rank statistical analysis to compare the experimental groups [3].
1. Talent at the computer launching Oasis 2 software.
1. SCREEN: Mortality data being entered from the scoring sheet into OASIS 2.
1. SCREEN: Kaplan-Meier survival curves being generated and the log-rank analysis results being displayed.

Authors: Please create screen capture videos for the shots labeled as SCREEN, 
create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=21865193





Results
8. Results 

8.1. At the physiological temperature, untreated wildtype N2 (n-two) worms showed the expected gradual age-dependent decline in survival, establishing the unstressed reference lifespan [1]
8.1.1. LAB MEDIA: Figure 2A. Video Editor: Please highlight the black untreated-control WT survival curve in panel A and trace its gradual decline across the lifespan.
8.2. Exposure to moderate heat stress markedly shortened wildtype survival compared with the untreated condition, although survival could still be monitored over several days [1].
8.2.1. LAB MEDIA: Figure 2B. Video Editor: Please highlight the green WT N2 survival curve in panel B under moderate heat stress and trace its decline over several days.
8.3. Higher heat-stress temperatures caused rapid mortality within hours, with the higher temperature producing a slightly earlier decline in wildtype survival [1]. 
8.3.1. LAB MEDIA: Figure 2C. Video Editor: In panel C, simultaneously highlight the blue and orange curves representing the two higher temperatures, emphasizing the earlier decline of the orange curve.

8.4. Under the selected heat-stress condition, the survival curves of RIC (r-i-c) neuron-ablated and wildtype N2 worms were broadly comparable, indicating that RIC ablation did not detectably alter heat-stress resistance [1].
8.4.1. LAB MEDIA: Figure 2D. Video Editor: In panel D, please highlight the overlapping blue WT N2 and red RIC-ablation survival curves, followed by the “n.s.” annotation.

8.5. Under tunicamycin-induced ER (e-r) stress, the RIC neuron-ablated strain showed a pronounced rightward shift in its survival curve relative to wildtype N2 worms, demonstrating prolonged survival and enhanced ER-stress resistance [1].
8.5.1. LAB MEDIA: Figure 2F. Video Editor: In panel F, trace the red RIC-ablation curve as it remains to the right of the blue WT N2 curve, and highlight the significance annotation (four asterisks).

8.6. During antimycin A-induced mitochondrial stress, RIC neuron-ablated worms survived longer than wildtype N2 worms, indicating that RIC ablation enhanced resistance to mitochondrial stress [1].
8.6.1. LAB MEDIA: Figure 2H. Video Editor: In panel H, please highlight the rightward-shifted red RIC-ablation survival curve, followed by the significance annotation (four asterisks).

8.7. Under the selected paraquat-induced oxidative-stress condition, RIC neuron-ablated and wildtype N2 worms showed similar survival profiles, indicating that RIC ablation did not detectably alter oxidative-stress resistance [1].
8.7.1. LAB MEDIA: Figure 2J. Video Editor: In panel J, please highlight the closely overlapping blue WT N2 and red RIC-ablation survival curves, followed by the “n.s.” annotation.
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