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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Nikon SMZ645
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1.-2.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4.: The dispersion of embryos in the well is critical for optimal imaging in the next step. If possible, it would be helpful to get a shot of dispersed embryos through the dissection microscope. In addition, the plate needs to be held on ice between dissections. Consider adding in text “Keep plate on ice to maintain even staging” for this portion of the procedure.
2.7.: is also critical. Selection of well-staged, well-positioned embryos and appropriate focal plane selection is key.
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. Karen Oegema: C. elegans embryogenesis takes about 13 hours and is usually monitored by filming one embryo at a time. Our protocol, however, allows the simultaneous, 3D, time-lapse imaging of 80-100 embryos [1].

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

1.2. Rebecca Green: The ability to collect data for large numbers of developing C. elegans embryos opens up a new range of experiments, including the quantitative analysis of developmental events and large-scale screens [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. Karen Oegema: This protocol can be easily adapted to capture different developmental processes or to image embryos expressing any combination of markers in tissues of interest [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 
	
1.4. Rebecca Green: It’s challenging to properly disperse the embryos within the wells. They should be close together to enable the capture of multiple embryos per field without clumping in different Z-planes [1].

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

1.5. Jeff Hendel: We recommend using two researchers for side-by-side dissection on ice and blocking off unused wells. We will also demonstrate some useful tricks for quickly setting up a well-staged 384-well plate [1]. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Section - Protocol
2. C. elegans Embryo Semi-High-Throughput Imaging Preparation
2.1. Begin by sealing a glass-bottom 384-well plate with PCR adhesive foil to mask unused wells. Use a razor or scalpel to cut away the foil to expose a subset of the wells for use [2.1.1-A]. Add 70 microliters of freshly-prepared TMHC (T-M-H-C) into each well, and keep plate on ice [1-TXT]. Exclude the outer two rows of the plate to prevent edge effects [2-TXT].
2.1.1.A   Added shot: PCR adhesive foil applied to plate to mask unused wells. Razor cutting away square region of foil to expose 16 wells.  
2.1.1. WIDE: Talent adding solution to well(s), with solution container visible in frame TEXT: TMHC: tetramisole hydrochloride 
2.1.2. Shot of plate with solution in wells Videographer: Important step TEXT: See text for all solution preparation details Video Editor please emphasize/”block out” two outer rows when mentioned to indicated avoidance
2.2. For rapid sample preparation, side-by-side dissection by two researchers is recommended [2.2.1-A]. When all of the solution has been plated, use fine tweezers and a dissection microscope to transfer about 10 gravid adults [1] into 150 microliters of ice cold TMHC solution within one depression slide per condition [2].
2.2.1.A   Added shot: Wide shot of two researchers dissecting side by side with 384-plate on ice between them.  TEXT: Keep plate on ice during sample preparation
2.2.1. Talent at microscope, collecting adults Videographer: Important step
2.2.2. SCOPE: Adult being placed onto slide Videographer: Important step
2.3. Using the tweezers and a scalpel, dissect the worms to release the embryos [1] and load a pulled capillary pipette into a mouth aspirator [2].
(Author Comment: Note that the videographer’s camera was fitted in place of the ocular lens on our dissection microscope. This was suboptimal because the ocular lens typically adds 10x magnification. Thus, all these shots are more zoomed out than it would be for someone looking through the eye piece. We did the best we could for these (2.3.1, 2.4.1, 2.4.2). If you do not find these acceptable, we can try to refilm them using in-house equipment.)
2.3.1. [bookmark: _GoBack]SCOPE: Worm being dissected Videographer: Important step
2.3.2. Talent loading pipette into aspirator Videographer: Important step
2.4. Use the mouth pipet to transfer all of the 2-to-8-cell-stage embryos into individual wells of the prepared plate [1-TXT] and examine the plate to confirm that no aggregates are present within any wells [2].
2.4.1. SCOPE: Embryo being collected into pipette tip Videographer: Important/difficult step TEXT: Avoid late stage embryos and debris
2.4.2. SCOPE: Shot of embryos in wells Videographer: Important/difficult step

2.5. When all of the embryos have been collected, settle the specimens by centrifugation [1-TXT] and use an ethanol-soaked wipe to remove any residue from the bottom of the plate [2].

2.5.1. Talent placing plate into centrifuge TEXT: 1 min, 600 x g, RT
2.5.2. Plate being wiped

2.6. Place the plate in the plate holder of a confocal microscope equipped with a temperature-controlled environment [1] and use the 10x objective to perform a pre-scan of each well to identify fields with suitable embryos [2].

2.6.1. Talent loading plate into holder 
2.6.2. SCREEN: EMBD_JoVE_CV1000v2.mp4: 01:19-01:36 Video Editor: can speed up

2.7. At the end of the scan, switch to the 60x objective [1], adjust the focal plane at each point to image 1-4 fields per well [2], and acquire 18 z-sections at 2-micrometer intervals every 20 minutes for 10 hours [3].

2.7.1. 60x objective being selected
2.7.2. SCREEN: EMBD_JoVE_CV1000v2.mp4: 04:19-04:32 Video Editor: can speed up
2.7.3. SCREEN: EMBD_JoVE_CV1000v2.mp4: 05:08-05:18

2.8. When all of the images have been acquired, perform a low, whole well, brightfield scan approximately 20-24 hours following the start of the overnight imaging to assess the embryonic lethality [1].

2.8.1. SCREEN: EMBD_JoVE_CV1000v2.mp4: 10:07-11:00 Video Editor: speed up

3. Automated Cropping

3.1. For automated cropping using embryo-Crop-UI (U-I) executable, first download the program from Zenodo [1-TXT] and the test_files.zip to determine whether the program is functioning properly on the platform [2].

3.1.1. WIDE: Talent downloading program, with monitor visible in frame TEXT: https://zenodo.org/record/3235681#.XPAnn4hKg2w
3.1.2. SCREEN: EMBD_JoVE_GUI.mp4: 00:09-00:19

3.2. Once downloaded, unzip and navigate to find the embryo-Crop-UI executable file and double-click to launch the program [1].

3.2.1. SCREEN: EMBD_JoVE_GUI.mp4: 01:12-01:21

3.3. Select Open to load the first specific 4D field of view to crop. When cropping a tiff series with multiple dimensions, load only the first image in the series within the folder [1].

3.3.1. SCREEN: EMBD_JoVE_GUI.mp4: 01:47-02:22 Video Editor: speed up

3.4. When all of the images have been loaded, specify the imaging parameters, select Background Subtraction and Attenuation Correction, and set the image collection order and the microns per pixel [1].

3.4.1. SCREEN: EMBD_JoVE_GUI.mp4: 02:28-02:38

3.5. Then select Run. A new subfolder labeled “crop” will be created in in the same path as the uncropped folder and the cropped versions will be saved in this location [1]. 

3.5.1. SCREEN: EMBD_JoVE_GUI.mp4: 02:52-04:36 Video Editor: speed up or skip to end of suggested time stamp

4. [bookmark: _Hlk10043437]Visualization

4.1. [bookmark: _Hlk10107480]For visualization, download the Open-and-Combine_embsV2 (embs-V-two) ImageJ plugin and Graphic user interface_Instructions_zenodo_repoV2.docx (ree-po-V-two) from Zenodo [1-TXT] and open the plugin in ImageJ [2].

4.1.1. WIDE: Talent downloading plugin, with monitor visible in frame TEXT: https://zenodo.org/record/3235681#.XPAnn4hKg2w
4.1.2. SCREEN: EMBD_JoVE_Fiji.mp4: 00:30-00:36

4.2. Locate lines 3 and 4 and input the location at which the image folders will be stored after the cropping, the image folder names of the conditions to be processed, and the unique alpha-numeric identifier for each overnight experiment [2].

4.2.1. SCREEN: EMBD_JoVE_Fiji.mp4: 00:37-01:06 Video Editor: speed up 
[bookmark: _Hlk10107284]
4.3. When all of the information has been entered, click Run. A window will appear that will launch a prompt to navigate to the outer folder containing the cropped image folders [1].

4.3.1. SCREEN: EMBD_JoVE_Fiji.mp4: 1:09-01:26 
[bookmark: _Hlk10107623]
4.4. Once selected, another window will appear, which will allow specification of the imaging parameters [1].

4.4.1. SCREEN: EMBD_JoVE_Fiji.mp4: 01:27

4.5. Click OK. The composite file will begin to assemble [1].

4.5.1. SCREEN: EMBD_JoVE_Fiji.mp4: 01:28-02:10 Video Editor: please speed up or cut to about 2:04
[bookmark: _Hlk10107773]
4.6. When the composite has been generated, review the files that are left open [1-TXT].

4.6.1. SCREEN: EMBD_JoVE_Fiji.mp4: 10:35-10:45 TEXT: Files automatically saved by macro


Section – Results
5. Results: Representative High-Content Imaging of C. elegans Embryogenesis 

5.1. When imaged in conjuction, custom reporter strains provide informative readouts for most major developmental events [1], including cell fate specification [2], dorsal intercalation [3], epidermal enclosure [3], elongation [5], and neurogenesis [6]. 

5.1.1. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize End of Gastrulation text and images under red bar
5.1.2. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize Dorsal Intercalation text and images under green bar
5.1.3. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize Epidermal Enclosure text and images under blue bar
5.1.4. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize Elongation text and images under purple bar
5.1.5. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize Onset of Movement text and images under black bar

5.2. Twenty-four hours after injection is an optimal timepoint for imaging, as at this time, maternal protein depletion and inhibition of zygotic gene expression are both effective [1], yielding distinct, highly reproducible signature phenotypes across a broad spectrum of genes involved in cell fate specification and morphogenesis [2].

5.2.1. LAB MEDIA: Figure 4A
5.2.2. LAB MEDIA: Figure 4A: JoVE Video Editor sequentially emphasize 2nd, 3rd, and 4th columns of images




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Jeff Hendel: It is important to be patient during the dissection and embryo selection steps. Minimizing the clumping and selecting the appropriate focal planes are also essential to ensuring high quality data [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step 2.3., 2.6.)
6.2. Karen Oegema: Our protocol can be performed with a variety of fluorescent marker strains and in combination with RNAi or mutants. Our processing tools allow for streamlined automated or manual data analysis [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Rebecca Green: Using the strains, methods, and tools described herein, our group performed an RNAi-based, high-content screen targeting approximately 2000 genes required for embryonic development. Semi-high-throughput methods were essential for this project [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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