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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? Y
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.1., 2.3., 2.9.-2.11.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.10., 2.11.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Chris Dobson: This method can help answer key questions in the drug discovery field about how a specific drug behaves in a model organism. 

1.2. Chris Dobson: The main advantage of this technique is that it allows large sample sizes to be quickly and efficiently screened.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Michele Vendruscolo: This technique is already having a major impact in drug discovery programs for neurodegenerative diseases by enabling a highly accurate quantitative screening of the in vivo effects of drug candidates.  

1.4. Tuomas Knowles: This method provides novel mechanistic insights into the onset and progression of misfolding diseases. Furthermore, this method can also be applied to other systems, such as ageing and genetic screenings.
Tuomas Knowles: Video editor: Author states that Dr. Knowles added an interview statement here. They did not specify the content or the shot number but are very insistent that it be included in the final video.
1.5. Michele Perni: Visual demonstration of this method is critical, as the screening steps require a high familiarity with this novel automated technique.   
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Michele Perni: Demonstrating the procedure will be Sam Casford, a Research Assistant from our laboratory. 
1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Wide Field-of-View Nematode Tracking Platform (WF-NTP) Procedure
2.1. Before beginning the procedure, add 2.2 mL of each drug compound at the appropriate concentration to six 5-fluoro-2’-deoxyuridine, or FUDR, plates per worm strain [1-WIDE], by carefully spreading the compound over the whole surface of the plate, and dry the plates under sterile conditions [2-MED].
2.1.1. Talent adding drug to FUDR plate, with stock drug compound container visible in frame
2.1.2. Talent placing plate(s) to dry
2.2. While the plates are drying, use 15 mL of M9 buffer to wash the worms from five Rich-nematode growth factor plates [1-CU-TXT] and transfer the liberated worms into a conical tube for centrifugation [2-MED-TXT].
2.2.1. Worms being washed, with M9 buffer container label visible in frame (TEXT: See text for nematode culture preparation)
2.2.2. Talent adding worms to tube (TEXT: 2 min, 2000 x g, At room temperature)
2.3. Resuspend the nematodes in 3 mL of fresh M9 buffer for quantification of the number of worms in the L4 larval stage [1-CU] and seed 700 L4 larvae onto each of six dry FUDR plates per worm strain per compound [2-MED-over the shoulder].

2.3.1. Shot of nematode pellet, then nematodes being resuspended, with M9 buffer container label visible in frame

2.3.2. Talent seeding larvae onto plates
2.4. When all of the nematodes have been seeded, place the plates containing the strains for which paralysis is induced by raising the temperature at 24 °C for 24 hours [1-CU]. 

2.4.1. Plate(s) being placed at 24 °C

2.5. The next day, turn on the stage lights of the Parallel Worm Tracker [1-MED] and clean the glass stage of the tracker with 70% ethanol [1-CU]. 
2.5.1. Talent turning lights on

2.5.2. Stage being cleaned
2.6. If no visible residue remains, remove the lens cap [1-MED] and use an air duster to clean the imaging lens [2-CU].

2.6.1. Talent removing lens cap

2.6.2. Lens being dusted

2.7. Confirm that the camera is correctly plugged in and installed [1-MED] and start recording with the image capture software [2-MED-over the shoulder].
2.7.1. Talent checking camera plug/installation
2.7.2. Talent at computer, starting recording, with monitor visible in frame
2.8. Adjust the camera settings to record 20 frames per second, with the appropriate mono 16 recording parameters [1-SCREEN].

2.8.1. *To be provided by Authors: 20 frames per second being selected, then 1200 frames to be recorded being select, then saving in MJPEG format w/ 95% compression rate being selected

JovE_Screen Step 2.8.1 Select Acquisition Parameters

2.9. Use an empty 9-cm Petri dish to ensure that the stage is set to the correct height [1-CU] and adjust the stage if necessary [2-MED].
JovE_Screen Step 2.9 Test the camera field of view with an empty plate

2.9.1. Petri dish being used to check height

2.9.2. Talent adjusting height

2.10. Under sterile conditions, add 3 mL of M9 solution to a motility screening plate [1-MED-TXT] and use 2 mL of M9 solution to wash 1/3 of the surface area of two nematode-loaded FUDR plates from the same experimental group into the screening plate [2-CU-TXT].

2.10.1.  Talent adding solution to plate (TEXT: See text for motility plate preparation details)

2.10.2.  Worms being washed from one plate into motility plate (TEXT: 1/3 surface area/two FUDR plates = approximately 600 worms/motility plate)

2.11. Then place the screening plate onto the tracker stage [1-CU-TXT], use a single worm to focus the camera [2-MED], and begin recording the animals [3-SCREEN].

2.11.1.  Plate being placed onto stage (TEXT: Keep edges of plate w/ frame to facilitate accurate ‘keep-dead’ algorithm calculation)
2.11.2.  Talent at microscope focusing on worm JovE_Screen Step 2.11 Focus the camera on the worms Author note: This step is provided as an additional screen capture step now denoted step 2.11.
2.11.3. *To be provided by Authors: Recording being initiated/worms being recorded

JovE_Screen Step 2.11.3 Start Recording
2.12. When the recording is complete, discard the motility plate [1-MED] and mark the FUDR plates as being used one time before returning them to the incubator [2-MED-over the shoulder-TXT].
2.12.1.  Talent discarding plate

2.12.2.  Talent marking plate(s) (TEXT: Repeat for each experimental condition and strain)
3. Video Data Analysis
3.1. To analyze the video data, open the Parallel Worm Tracker data analysis software graphic user interface [1-WIDE] and use the “Browsing” function to load the video of interest [2-SCREEN].

3.1.1. Talent opening software, with monitor visible in frame

3.1.2. *To be provided by Authors: Video being selected/loaded
JovE_Screen Step 3.1.2 Video Being Selected

3.2. Select an output destination folder and confirm that 600-1200 frames are set for a 30-second analysis [1-SCREEN].
3.2.1. *To be provided by Authors: Output destination folder being selected, then 600-1200 frames being selected for 30-s analysis 
JovE_Screen Step 3.2.1 folder and parameters selection

3.3. Insert a 0.029 pixel-to-mm conversion factor for the imaging of a 9-cm Petri dish at full resolution and select the “keep-dead” tracking algorithm [1-SCREEN].
3.3.1. *To be provided by Authors: Conversion factor being inserted, keep-dead tracking algorithm being selected 
JovE_Screen Step 3.3.1 parameters selection

3.4. Under the “Locating” parameters tab, set the “Z use images” to 100 9, the “Z padding” to 3, the “Std pixels” to 54, the “Threshold” to 9, the “Opening” to 1, and the “Closing” to 2 [1-SCREEN].
3.4.1. *To be provided by Authors: Locating parameters being added
JovE_Screen Step 3.4.1 insert locating parameters 

3.5. Adjust the “Filtering” parameters to a “Minimum size” of 20, a “Maximum size” of 180, and a “Worm-like” of 0.94 [1-SCREEN].
3.5.1. *To be provided by Authors: Filtering parameters being set

JovE_Screen Step 3.5.1Insert Filtering parameters
3.6. Set the “Forming trajectories” parameters to a “Maximum distance move” of 10, a “Minimum length” of 150, and a “Memory” of 10 [1-SCREEN].
3.6.1. *To be provided by Authors: Forming trajectories being set
JovE_Screen Step 3.6.1 Insert Forming Trajectories parameters
3.7. Set the “Bends and Velocity” parameters to a “Bend threshold” threshold of 1.8, a “Minimum bends” of 0, and a “Frames to estimate velocity" of 150 [1-SCREEN].
3.7.1. *To be provided by Authors: Bends and Velocity parameters being set
JovE_Screen Step 3.7.1 Insert bends and velocity
3.8. Tune the “Dead worm statistics” to a “Maximum beat per minute” of 5 and a “Maximum velocity” of 1 [1-SCREEN].
3.8.1. *To be provided by Authors: Dead worm statistics being tuned

JovE_Screen Step 3.8.1 dead worms stats
3.9. Select the output folder and set the number of “Output frames” to 50 and the “Font size” to 10 [1-SCREEN-TXT].
3.9.1. *To be provided by Authors: Output folder being set, then output frames and font size being set (TEXT: Optional: Select ≥ROI)

JovE_Screen Step 3.9.1 output folder, frames and font size added
3.10. Use the example function to test the parameters and output the sample images to check whether the worms are visible throughout the 8 thresholding steps [1-SCREEN].

3.10.1.  *To be provided by Authors: Example function being tested, then shot of worms in at least one threshold step

JovE_Screen Step 3.10.1 example function being tested

Added step JovE_Screen Step 3.10.2 checking thresholding step
3.11. Then initiate the “Start job” function and combine the individual results for the whole dataset to analyze the test result files, saving the results via the “Export to tsv” function [1-SCREEN].
3.11.1.  *To be provided by Authors: Start job being initiated, then results being combined, then Export to tsv being selected 
JovE_Screen Step 3.11.1 start job 

Added step JovE_Screen Step 3.11.2 export to tsv
4. Results: Representative Applications Enabled by the WF-NTP Method 
4.1. This method allows the characterization of nematode phenotypes for large population studies of various worm models of neurodegenerative disease [1-LM], such as frontotemporal dementia [2-LM], Parkinson’s disease [3-LM], Alzheimer’s disease [4-LM], and amyotrophic lateral sclerosis [5-LM] …
4.1.1. Figure_3.ai: no animation

4.1.2. Figure_3.ai: Video Editor: please show only graph from Figure 3a and emphasize pink data cluster

4.1.3. Figure_3.ai: Video Editor: please show only graph from Figure 3a and emphasize red data cluster

4.1.4. Figure_3.ai: Video Editor: please show only graph from Figure 3a and emphasize blue and purple data clusters

4.1.5. Figure_3.ai: Video Editor: please show only graph from Figure 3a and emphasize green and orange data clusters

4.2. … as well as the characterization of the effects of potential therapeutic molecules using worm models of Parkinson’s [1-LM] and Alzheimer’s disease [2-LM].

4.2.1. Figure_3.ai: Video Editor: please show only graph from Figure 3b and emphasize PD + Squalamine graph
4.2.2. Figure_3.ai: Video Editor: please show only graph from Figure 3b and emphasize AD + Bexarotene graph

4.3. The high accuracy of these measurements is achieved by increasing the number of worms [1-LM] that can be analyzed compared to traditional methods [2-LM].

4.3.1. Figure_3.ai: Video Editor: please show only graph from Figure 3c and add/emphasize asterisks over blue data bars

4.3.2. Figure_3.ai: Video Editor: please show only graph from Figure 3c and add/emphasize brackets and ns text over yellow data bars
5. Conclusion (said by authors on camera):
5.1. Michele Perni: While performing this procedure, it’s important to remember to minimize the time between the addition of the worms to the motility assay and the beginning of the tracking.

5.2. Francesco Aprile: Following this procedure, other methods, like plaque staining or western blot, can be performed to supplement the results and to link worm fitness with protein aggregation.
5.3. Michele Perni: After its development, this technique paved the way for researchers in the field of neurodegenerative and misfolding diseases, such as Parkinson’s and Alzheimer’s, to explore drug discovery applications in C. elegans.

5.4. Sam Casford: Don't forget that working with FUDR can be extremely hazardous and that precautions, such as wearing nitrile gloves, should always be taken while performing this procedure.   

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, PowerPoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi. The higher resolution, the better. Likewise, any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files. 
Figure_3.ai
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.  

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples. 
All tubes/flasks should be pre-labeled neatly before we arrive. 
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.
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