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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y
2. Does your protocol 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 files to your project page on the day of your shoot or as soon as possible after.
3. Which steps from the protocol section below are the most visually important? 
3.4., 5.2., 5.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most difficult aspect of this procedure is to ensure that all worms at various stages of “health” are able to be visualized at the time of recording, especially for the physiological assays of section 5. To ensure success, we will have multiple differently staged animals at various stages, as well as different mutants and transgenic lines to ensure that both live and dead animals can be very robustly differentiated. What the videographer can do to aid in this step is to decide at the beginning of the recording day exactly what time during the day we will perform this step (based on the condition of the animals). All the other phases are flexible time-wise, so this is the only step dependent on animal health, so we request the most flexibility with this step. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Raz Bar-Ziv: These methods can be used to characterize stress responses in C. elegans and to determine whether genetic or pharmacological perturbations affect the activation of protective cellular pathways [1].

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

1.2. Raz Bar-Ziv: These methods allow the rapid and high-throughput testing of hundreds of perturbations, such as gene knockdowns, both on the molecular and physiological levels [1].

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

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Ashley Frakes: To ensure that the assay is performed properly, include positive and negative controls, synchronize healthy, well-fed animals at the desired age, and perform the experiments on fresh plates [1].

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.4. Ashley Frakes: Visualization of the worm micromanipulation with a pick can help new users understand how the worms can be lined up and how their viability can be assessed [1].

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

Introduction of Demonstrator (Said by you on camera):

1.5. Ashley Frakes: Demonstrating the procedure will be Phil Frankino, Holly Gildea, and Melissa Metcalf, grad students from our laboratory [1][2].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera



Section - Protocol
2. Stress Response Induction: hsp-4p::GFP Readout
2.1. To use GFP-tagged heat shock protein 4 as a readout for the activation of the endoplasmic reticulum, grow synchronized reporter animals at 20 degrees Celsius until the L4 stage [1-TXT] before transferring the worms into a tube of M9 (M-nine) medium [2-TXT].
2.1.1. WIDE: Talent removing culture from 20 °C TEXT: GFP: green fluorescent protein; See text for C. elegans culture synchronization details
2.1.2. Talent adding worms to tube, with medium container visible in frame TEXT: See text for all medium and solution preparation details
2.2. After collecting the worms by centrifugation [1-TXT], replace the M9 with 25 nanograms/milliliter of the drug of interest in M9 [2] or dimethyl sulfoxide in M9 in the control animal tubes [3].
2.2.1. Talent placing tube into centrifuge TEXT: 30 s, 1000 x g
2.2.2. Shot of settled worms, then M9 being removed
2.2.3. Drug being added to tube, with drug container visible in frame
2.2.4. DMSO being added to tube, with DMSO container visible in frame
2.3. Then place the worms on a rotating platform for 3-4 hours at 20 degrees Celsius [1].
2.3.1. Worms on rotator
2.4. At the end of the incubation, centrifuge worms to settle [1] before replacing the treatment solution with 15 milliliter of M9 alone [2].
2.4.1. Talent placing tube(s) onto bench Filmed the centrifugation step.
2.4.2. M9 being added to tube, with M9 container visible in frame

2.5. After 2 washes, transfer animals to NGM (N-G-M) plates or NGM RNA interference plates as appropriate [1-TXT] and allow the worms to recover overnight at 20 degrees Celsius [2].

2.5.1. Talent adding worms to plate(s), with both types of plates visible in frame TEXT: NGM: nematode growth medium
2.5.2. Talent placing plate(s) at 20 °C

3. Stereo Microscope or Low-Magnification Wide-Field/Compound Microscope Imaging

3.1. When the worms have recovered, add 5-10 microliters of 100-millimolar sodium azide onto a standard NGM plate without bacteria [1] and place a plate of worms under a dissecting microscope [2].

3.1.1. WIDE: Talent adding sodium azide to plate
3.1.2. Talent placing plate under microscope

3.2.  Transfer 10-20 animals from the plate [1] into the spot of sodium azide [2].

3.2.1. SCOPE: Worm(s) being picked
3.2.2. SCOPE: Worm being placed onto sodium azide

3.3. The animals should cease movement shortly after landing in the salt solution [1-TXT].

3.3.1. SCOPE: Shot of still worms

3.4. Once the sodium azide has evaporated, line up the animals in the desired imaging setup with the anterior and posterior sides in the same orientation for all of the animals [1] and immediately transfer the plate of animals under a stereomicroscope [2].

3.4.1. SCOPE: Worms being lined up Videographer: Important step
3.4.2. Talent placing plate under microscope

3.5. Launch the stereomicroscope imaging software [1] and, under the Acquisitions tab, click Open Projects and Folder to open a new project [2].

3.5.1. Talent opening software, with monitor visible in frame
3.5.2. SCREEN: To be provided by Authors: Open Projects and Folder being clicked/new project being opened

3.6. Right-click and select Rename to rename the folder [1].

3.6.1. SCREEN: To be provided by Authors: Folder being renamed

3.7. Position the worm sample under the microscope objective [1] and use the brightfield setting to locate the correct focal point of the worms to minimize fluorescent bleaching [2].

3.7.1. Talent positioning worms
3.7.2. SCREEN: To be provided by Authors: Focal point being located

3.8. The center of the sample will be the point at which the line of eggs is clearly visible and not fuzzy [1].

3.8.1. SCREEN: To be provided by Authors: Shot of center of sample

3.9. Set the exposure time to ensure that pixels are not saturated [1] and also to ensure that the signal is above the detection limit [2].

3.9.1. SCREEN: To be provided by Authors: Exposure time being set to show saturation as well as appropriate level (Author Comment: Please switch 3.9.1 and 3.9.2 for clarity) (Editor: I have not done this for the time being because the authors did not provide any changes for the VO, and the current VO and order of actions would not make sense if these shots were switched. If the authors want these shots switched, they’ll have to provide alternative VO)
3.9.2. SCREEN: To be provided by Authors: Signal being set to show below and above detection limit

3.10. After setting the exposure time zoom, focus, and bright-field condensers to the appropriate settings, click the Capture Image button to acquire an image [1].

3.10.1. SCREEN: To be provided by Authors: Capture Image being clicked/image being captured

3.11. For imaging using a compound-wide-field microscope, place the baseline control treatment plate onto the compound-wide-field microscope stage [1], and use the touchpad to launch the control program [2].

3.11.1. Talent placing plate under microscope
3.11.2. Talent launching program

3.12. Create a new album and file name [1] and position the plate under the objective lens [2]. 

3.12.1. SCREEN: To be provided by Authors: New album/file name being created (Author Comment: Also videoed as close-up shot.)
3.12.2. Talent positioning plate

3.13. Use the baseline control and positive control plates to set the exposure time and fluorescence intensity so that the signal is visible but not saturated [1].

3.13.1. SCREEN: To be provided by Authors: Exposure time being set (Author Comment: Also videoed as close-up shot.)

3.14. Then save bright-field and GFP-FITC (G-F-P FIT-sea) images [1-TXT].

3.14.1. SCREEN: To be provided by Authors: Image being saved FITC: Fluorescein isothiocyanate (Author Comment: Also videoed as close-up shot.)




4. Quantitative Reporter Measurement

4.1. To quantify reporter gene expression by large particle flow cytometry, first turn on the cytometer lasers [1-TXT] and open the cytometer software [2].

4.1.1. WIDE: Talent turning on lasers TEXT: e.g., 488 or 561 nm
4.1.2. Talent opening software, with monitor visible in frame

4.2. Click Start to turn on the lasers in the software window and click Run to initiate the laser in the Argon laser control popup window [1].

4.2.1. SCREEN: screenshot_1: 00:04-00:20 Video Editor: can speed up

4.3. When the laser reaches around 12 milliwatts and the 488 light source level goes up to around 12, click Done [1] and check the 4 pressure values [2].

4.3.1. SCREEN: screenshot_1: 00:54-01:12 Video Editor: please emphasize Run Mode: 12.5 mw in Argon Laser Control window (can speed up from 01:04-01:11)
4.3.2. SCREEN: screenshot_1: 01:13-01:17

4.4. If the values look similar to those observed in the original setup, check the Pressure OK box [1].

4.4.1. SCREEN: screenshot_1: 01:28-01:37 Video Editor: can speed up

4.5. Next, to make sure there are no air bubbles or debris blocking the flow of sheath and sample through the flow cell, click Clean several times [1].

4.5.1. SCREEN: screenshot_1: 02:50-02:50

4.6. Then switch Off Sort and On Sheath to restart the flow [2]. To check the sheath flow rate, collect the sheath for 60 seconds [1]. 

4.6.2. SCREEN: Talent click Off Sort and On Sheath
4.6.1. Sheath being collected (Author Comment: Please switch 4.6.1 and 4.6.2 for clarity)
4.6.2. SCREEN: Talent click Off Sort and On Sheath (Move above 4.6.1)

4.7. Collect the sheath into a 15-milliliter tube for 60 seconds. The flow rate should be 9-10 milliliters/minute [1].

4.7.1. Sheath being collected

4.8. To run the samples, adjust the laser photomultiplier power to level high enough that the signal is above the detection limit, but not higher than the saturation limit [1].

4.8.1. SCREEN: To be provided by Authors: PMT level being adjusted (Author Comment: PMT adjustment was done in several phases – first it is increased to 475, then the mouse hovers over saturated levels of signal, then it was lowered to 400, but again shows saturated level of signal. Then was lowered to 285, and shows signal not saturated. A second screen capture is provided for when several hundred animals have run through the sample and many examples of signal in an appropriate range is provided.) (Editor: This seems mostly informational. I don’t believe we’ll need to show both screen captures)

4.9. Perform size-gating to exclude bubbles, debris, eggs, and other unwanted small particles and to include only the animals of interest, such as adults [1-TXT].

4.9.1. SCREEN: To be provided by Authors: Size-gating being performed TEXT: See Table 4 for recommended settings

4.10. When the screening parameters have been set, add the prepared worms to a cup [1] and click Acquire [2].

4.10.1. Talent adding worms to cup Videographer/Video Editor: shot will be used again
4.10.2. SCREEN: screenshot_2: 00:05-00:07

4.11. Watch to make sure that all of the liquid is not taken up into the machine, as this will cause the flow cytometer to take in air and create bubbles within the detector [1].

4.11.1. Shot of liquid being taken up

4.12. When the sample is low and/or enough animals have been collected, click Stop [1]. 

4.12.1. SCREEN: screenshot_2: 00:09-00:11

4.13. To store gated data based only on the size constraints, click Setup, Data Storage, Gated Only, and Store gated to save the data [2].

4.13.1. SCREEN: screenshot_2: 00:12-00:24

4.14. Then rinse the collection cup with deionized water [1] and remove the wash by vacuum three times [2] before repeating the analysis with the next sample [3].

4.14.1. Cup being rinsed (Author Comment: 4.14.1 and 4.14.2 were combined, but were also recorded separately)
4.14.2. Wash being vacuumed
4.14.3. Use 4.10.1. worms being added to cup (Author Comment: This shot was also recorded again) (Editor: Use the unique shot if that looks better than reusing)

5. Stress and Heat Sensitivity Measurement

5.1. To measure the mitochondrial and oxidative stress sensitivity, add 50-75 microliters of paraquat in M9 to 8-10 wells per condition of a flat-bottom 96-well plate [1] and transfer 8-10 worms per condition to each well of paraquat [2].

5.1.1. WIDE: Talent adding paraquat to well(s), with paraquat container visible in frame
5.1.2. Talent adding worms to well(s)

5.2. Every 2 hours, tap the plate gently to cause the live animals to thrash or bend [1] to allowing scoring of the number of dead animals per well [2].

5.2.1. [bookmark: _GoBack]SCOPE: Plate being tapped Worms being poked (Author Comment: Instead of tapping plates, we poked worms with a pick to show this for clarity.) (Editor: The VO may need to be changed to match the VO)
5.2.2. SCOPE: Shot of thrashing/bending animals and dead animals Videographer: Important step; Video Editor: please emphasize immobile worm(s)

5.3. To measure the temperature sensitivity of the animals, incubate the worms for 3-4 days at 20 degrees Celsius [1] before plating 10-15 animals per plate per condition for a total of 4-6 plates [2].

5.3.1. Talent placing worms at 20 °C
5.3.2. Worms being placed into new plate

5.4. Then place the plates into a 34 or 37-degree Celsius incubator [1] and score the worm survival every 2 hours as just demonstrated [2].

5.4.1. Talent placing plate into incubator
5.4.2. SCOPE: Shot of thrashing/bending animals and dead animals Videographer: Important step; Video Editor: please emphasize immobile worm(s)



Section – Results
6. Results: Representative Cellular Stress Response Evaluation

6.1. The hsp-4 reporter has minimal basal expression in the absence of stress [1] but exhibits a robust GFP expression when the animals are exposed to endoplasmic reticulum stress using the drug tunicamycin [2].

6.1.1. LAB MEDIA: Figure 1 Video Editor: please emphasize DMSO images
6.1.2. LAB MEDIA: Figure 1 Video Editor: please emphasize 25 ng/microliter TM EV image

6.2. These differences can also be quantified using a large-particle flow cytometer [1].

6.2.1. LAB MEDIA: Figure 1 Video Editor: please emphasize red EV data cluster and/or add/emphasize bracket and asterisks

6.3. Moreover, the induction of the transgene under endoplasmic reticulum stress can be completely suppressed by knockdown of xbp-1 (X-B-P-one) via RNA interference [1-TXT]. Similar assays can be performed to measure mitochondrial stress, oxidative stress, and heat stress endoplasmic reticulum [2-TXT]. 

6.3.1. LAB MEDIA: Figure 1 Video Editor: please emphasize 25 ng/microliter TM xbp-1 RNAi image and red xbp-1 data cluster TEXT: xbp-1: x-box binding protein 1
6.3.2. LAB MEDIA: Figure 1 TEXT: See text for additional assay details

6.4. Whole animal physiological responses to stress can also be measured using several survival assays [1]. 

6.4.1. LAB MEDIA: Figure 5A

6.5. For example, exposure to tunicamycin is used to measure endoplasmic reticulum stress [1]. The knockdown of the xbp-1 gene results in a significant increase in sensitivity to tunicamycin [2].

6.5.1. LAB MEDIA: Figures 5A Video Editor: please emphasize blue EV data line in Figure 5A
6.5.2. LAB MEDIA: Figure 5A Video Editor: please emphasize red xbp-1 data line in comparison to blue EV line.

6.6. Moreover, exposure to the chemical agent paraquat is used to measure oxidative and mitochondrial stress sensitivity [1]. Knockdown of the daf-2 (daff-two) gene results in a significant increase in resistance to paraquat [2].

6.6.1. LAB MEDIA: Figure 5B Video editor: please emphasize blue EV line in 5B
6.6.2. LAB MEDIA: Figure 5B Video Editor: please emphasize red daf-2 line in 5B

6.7. Thermotolerance can be measured by determining the survival of animals at elevated temperatures and can be plotted as a survival curve [1].

6.7.1. LAB MEDIA: Figures 5C

6.8. These assays should be performed at least 4-6 times and all of the replicates should be plotted against each other [1], however, as thermotolerance demonstrates an incredibly high variability as compared to other stress assays [2].

6.8.1. LAB MEDIA: Figures 5D and 5E 
6.8.2. LAB MEDIA: Figures 5D and 5E Video Editor: please emphasize data lines in Figure 5D then data lines in Figure 5E 


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Ryo Higuchi-Sanabria: When imaging the animals, it is critical to set the parameters such that there is no over or under-saturation and to use the same parameters across experiments [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Ryo Higuchi-Sanabria: The imaging protocols are amenable to large-scale screening, including genome-wide screens, and are great for exploratory and confirmatory studies, which can then be followed up by the physiological assays described [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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