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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
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.
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.2.  Count carefully the embryo somites. This is critical to reduce variation and to increase the success of cell migration.
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 J. Liu: This well-defined, routine protocol for the culture of mammalian primary neural crest cells can be used to study birth defects caused by defective neural crest cell migration [1]. 

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

1.2. Sandra Gonzalez Malagon: This approach allows us to take a close look at the neural crest cells as they emerge from the neural tube [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. Lisa Dobson: Testing for cell behaviours in tissues carrying mutant gene variants and after drug treatments allows screening for the effects of pharmacological treatments or environmental changes during embryonic development [1].

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

1.4. Karen J. Liu: A similar approach can be applied to the neural crest cells that migrate to the heart or the gut or in cancer research to study metastatic tumor cells [1]. 

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

1.5. Lisa Dobson: Getting the anatomy of the embryo right is challenging, as tissues change very quickly during the early stages of development. We suggest practicing the microdissections before undertaking a big experiment [1].

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

1.6. Sandra Gonzalez Malagon: Because the embryos are alive and three-dimensional, speed and precision are crucial [1].

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.7. Procedures human subjects have been approved by the King’s College London Ethical Review Process in accordance with UK Home Office Project License P8D5E2773.


Section - Protocol
2. Early Somite Stage Embryo Dissection (Day 1)
2.1. At embryonic day 8.5, use sterile tools and solutions to harvest the uterus into a container of ice-cold PBS [1-TXT] [2].
2.1.1. WIDE: Talent placing uterus into PBS, with PBS container visible in frame TEXT: Euthanasia: cervical dislocation
2.2. Cut the mesometrium to separate each embryo. Dissect the uterus carefully, separating each decidual swelling [1]. Place individual decidua into fresh dishes for ease of dissection.
2.2.1. Mesometrium being cut. This was originally 2.1.2. Note: not sure if there are matching shots for everything
2.2.2. Embryo(s) being selected Videographer: Difficult step
2.2.3. Embryo being added to PBS, with PBS container visible in frame
2.3. Lisa Dobson: Harvesting the embryo at the right developmental stage is critical to reducing variability and increasing the success in the adhesion of the explants to the matrix and the cell migration [1].

2.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
2.4. Slide forceps between the muscle layer and the decidual tissue of the embryo [1] and use a second pair of forceps to remove the muscle layer [2].
2.4.1. LAB MEDIA: 00:13-00:16 All section 2 vidoes from GonzalezetalDISSECTION-MOVIE.avi: Forceps being slid between muscle and decidual tissue
2.4.2. LAB MEDIA: 00:16-00:23: Muscle being removed
2.5. Use the forceps to pierce the decidua at the edges of the mesometrial pole [1] and use a second pair of forceps to tear the tissue open perpendicularly to the pole [2]. 
2.5.1. LAB MEDIA: 00:23-00:27: Decidua being pierced
2.5.2. LAB MEDIA: 00:27-00:36: Tissue being torn
2.6. Peel back the decidual tissue with the forceps to visualize the Reichert’s membrane [1] before carefully removing the membrane [2]. The visceral yolk sac will become visible and the embryo will be observed inside [3]. 
2.6.1. LAB MEDIA: 00:36-00:52: Decidual tissue being peeled
2.6.2. LAB MEDIA: 00:57: Shot of membrane, then membrane being removed
2.6.3. LAB MEDIA: 01:06-01:12: Shot of yolk and embryo
2.7. Remove the visceral yolk sac and the amnion [1] and position the embryo to allow visualization of the head fold [2].
2.7.1. LAB MEDIA: 01:13-01:46: Sac and amnion being removed
2.7.2. LAB MEDIA: 02:11-02:13, 02:14-02:17, 02:25: Embryo being positioned 
2.8. Cut the head fold above the heart [1] and scrape away the underlying mesoderm to obtain a clean neural plate [2].
2.8.1. LAB MEDIA: 02:32-02:41: Head fold being cut
2.8.2. LAB MEDIA: 03:25-04:21, 04:41: Mesoderm being scraped
2.9. Using a glass Pasteur pipette, transfer the dissected neural plate onto a hydrogel-coated dish filled with conditioned neural crest medium [1-TXT] and gently swirl the dish to position the neural plate in the middle of the well [2].
2.9.1. Talent placing neural plate into dish, with medium container visible in frame TEXT: See text for all solution preparation details
2.9.2. Plate being swirled
2.10. Then incubate the neural plate at 37 degrees Celsius and 5% carbon dioxide for the appropriate experimental time period [1]. 
2.10.1. Talent placing plate into incubator
3. Live Murine Cranial Neural Crest (NC) Cell Imaging (Day 2)
3.1. At 24 hours post explanting, place the tissue culture dish into the specimen holder of a phase contrast microscope [1] and tape down the plate lid and carbon dioxide needle to prevent shaking during multi-well acquisition [2].
3.1.1. WIDE: Talent placing dish onto stage
3.1.2. Lid and/or needle being taped
3.2. Then focus on the cranial neural crest cells at a 10x magnification with the matching phase ring in the condenser selected [1].
3.2.1. Talent focusing on cells
3.3. To quantify the neural crest cell migratory capacity, set the microscope to acquire 1 frame every 5 minutes at a 10x magnification [1-TXT].
3.3.1. Talent setting microscope, with monitor visible in frame TEXT: 1 frame every 5 minutes over 18 hours at a 10x magnification
3.4. To quantify cell morphology, set the microscope to acquire 1 frame/minute at a 40x magnification [1-TXT].
3.4.1. Talent setting microscope, with monitor visible in frame TEXT: 1 frame every minute for 1 hour at a 40x magnification  
3.5. To quantify lamellipodial dynamics, set the microscope to acquire 1 frame every 10 seconds for 10 minutes at a 40x magnification [1-TXT].
3.5.1. Talent setting microscope, with monitor visible in frame TEXT: 1 frame every 10 seconds for 10 minutes at a 40x magnification
3.6. For multi-well imaging, set the mechanical stage to move between selected XY positions of interest [1] and confirm that the cranial neural crest cells are in focus and that the stage positions are correct [2].
3.6.1. Talent setting stage
3.6.2. Talent checking focus, with monitor visible in frame OR LAB MEDIA: To be provided by Authors: with shot of cells in focus AUTHOR COMMENT: I think this was actually shot as 3.6.2 by the videographer – with the cells focused on the monitor.
3.7. Then click Acquire to start the time-lapse imaging [1].
3.7.1. Talent clicking acquire, with monitor visible in frame

4. NC Single Cell Tracking

4.1. For single-cell tracking, open ImageJ [1] and import the data as TIFF stack files [2].

4.1.1. WIDE: Talent opening ImageJ, with monitor visible in frame 
4.1.2. SCREEN: 4.1.1_4.1.4: 00:03-00:08 IMPORTANT: Author comment: FINALREV 60051_4.1.1_4.1.4.mp4 and FINALREV_60051_screencapturelegend.doc have now been uploaded to the project page. Please could you replace the time stamps of the screen captures currently listed (highlighted in the script) with the revised times (document uploaded: FINALREV_60051_screencapturelegend.docx) and use the revised screen captures in the final video.

4.2. Change the orientation and brightness and contrast levels [1] and click Analyze and Set Scale to calibrate the .stk files in pixel/micrometers according to microscope settings [2].

4.2.1. SCREEN: 4.1.1_4.1.4: 00:08-00:12
4.2.2. SCREEN: 4.1.1_4.1.4: 00:21-00:31

4.3. Click Plugins, Tracking, and Manual Tracking to open the Image J manual cell tracking plugin and select Add track to begin cell tracking [1].

4.3.1.  SCREEN: 4.1.1_4.1.4: 00:32-00:40

4.4. Then track cells through all frames of time-lapse movies, using the nucleus as a reference point [1].

4.4.1. SCREEN: 4.1.1_4.1.4: 00:50-01:00 

5. NC Migratory Capacity Quantification

5.1. To assess the neural crest cell migratory capacity, open a suitable migration analysis software program [1] and click the Import Data tab to import the cell tracking data as a .txt file [2].

5.1.1. WIDE: Talent opening program, with monitor visible in frame 
5.1.2. SCREEN: 4.2.2_4.2.4: 00:06-00:11 FINALREV 60051_4.2.2_4.2.4.mp4 and FINALREV_60051_screencapturelegend.doc have been uploaded to the project page. Please could you replace the time stamps of the screen captures currently listed (highlighted) with the revised times and use the revised screen captures in the final video.

5.2. Under Datasets and Initialization, select the number of slices or frames to be analyzed and set the XY calibration and time interval between frames. Select Apply settings to save the settings [1].

5.2.1. SCREEN: 4.2.2_4.2.4: 00:12-00:26

5.3. Then select the Plot Data symbol to form trajectory plots and select the Statistics symbol to quantify the distance and speed measures [1].

5.3.1. SCREEN: 4.2.2_4.2.4: 00:27-00:37

6. Cranial NC Cell Area and Circularity Quantification

6.1. To quantify neural cell area and circularity, open ImageJ [1] and under Analyze and Set Measurements, click to select the cell shape parameters - cell area, perimeter, and shape descriptor [2].

6.1.1. WIDE: Talent opening plugin/ImageJ
6.1.2. SCREEN: 4.3.2_4.3.6: 00:06-00:11 FINALREV 60051_4.3.2_4.3.6.mp4 (and FINALREV_60051_screencapturelegend.doc) have been uploaded to the project page. Please could you replace the time stamps of the screen captures currently listed (highlighted) with the revised times and use the revised screen captures in the final video.

6.2. Use the Freehand Selection tool to manually draw an outline around each cell using the cell membrane boundaries as a guide [1].

6.2.1. SCREEN: 4.3.2_4.3.6: 00:13-00:29

6.3. Press Ctrl + B keys on the keyboard to maintain the cell outline overlay on the image and repeat for each cell over each time-lapse frame [1].

6.3.1. SCREEN: 4.3.2_4.3.6: 00:33-01:40 Video Editor: speed up video

6.4. Click Image, Overlay, and To Region of Interest Manager and select the cells of interest [1].

6.4.1. SCREEN: 4.3.2_4.3.6: 01:44-01:52

6.5. Then click Measure to obtain the values for the selected cell shape parameters of interest [1].

6.5.1. SCREEN: 4.3.2_4.3.6: 01:53-02:03



Section – Results
7. Results: Representative Cranial Neural Crest Cell Migration and Cell Shape Dynamics Analyses  

7.1. Within 24 hours of explant and culture, a region of the pre-migratory epithelial cranial neural crest can clearly be observed surrounding the neural plate explant [1].

7.1.1. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize pNC region in image

7.2. Furthermore, a subpopulation of neural crest cells will have undergone epithelial to mesenchymal transition and appear fully mesenchymal [1].

7.2.1. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize mNC region in image

7.3. Explant cultures plated on either an extracellular matrix-based hydrogel [1] or fibronectin form similar explant structures [2] comprised of neural plate, pre-migratory neural crest, and migratory neural crest cell populations [3].

7.3.1. LAB MEDIA: Figure 3 no text labels: JoVE Video Editor please emphasize top row of images
7.3.2. LAB MEDIA: Figure 3 no text labels: JoVE Video Editor please emphasize bottom row of images
7.3.3. LAB MEDIA: Figure 3 no text labels: JoVE Video Editor please add NP, pNC, and mNC texts/emphasize NP, pNC, mNC cells as in original Figure 3 with neural plate, pre-migratory neural crest, and migratory neural crest cell in narration

7.4. However, explants plated on fibronectin produce cells with more prominent lamellipodia at the cell leading edge, seemingly more polarized in the direction of migration [1].

7.4.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize at least one lamellipodium

7.5. Time-lapse microscopy allows the tracking of XY coordinates of individual cells [1] and the analysis of neural crest cell migration [2] and the analysis of cranial neural crest cell morphology dynamics over time [3].

7.5.1. LAB MEDIA: Figure 4A
7.5.2. LAB MEDIA: Figure 4B 
7.5.3. LAB MEDIA: Figure 4D

7.6. By outlining individual cell membranes [1], cell area and perimeter measurements can be calculated from all frames of the movies [2] to allow the subsequent quantification of the cell area and circularity of individual and groups of cells [3].

7.6.1. [bookmark: _GoBack]LAB MEDIA: Figures 4C, 4E, and 4F: JoVE Video Editor please emphasize cell outline in at least one image NOTE: A new version of Figure 4: Gonzalez DobsonFig4_Aug19.tif has been uploaded to the project page. Please use this new version of the figure for the final video.
7.6.2. LAB MEDIA: Figures 4C, 4E, and 4F: JoVE Video Editor please emphasize Cell area graph
7.6.3. LAB MEDIA: Figures 4C, 4E, and 4F: JoVE Video Editor please emphasize Cellularity Index graph

7.7. Note that as the cells migrate away from the explant [1], the cell area significantly increases [2], while the cell circularity remains relatively constant [3], suggesting that as cells depart from the epithelial edge and lose cell-cell contacts, they show increased cell spread area [4].

7.7.1. LAB MEDIA: Figures 4C, 4E, and 4F: JoVE Video Editor please sequentially emphasize images from left to right in Figure 4C
7.7.2. LAB MEDIA: Figures 4C, 4E, and 4F: JoVE Video Editor please sequentially emphasize 6, 12, and 18 h data clusters in Cell area graph
7.7.3. LAB MEDIA: Figures 4C, 4E, and 4F: JoVE Video Editor please sequentially emphasize 6, 12, and 18 h data clusters in Circularity Index graph
7.7.4. LAB MEDIA: Figures 4C, 4E, and 4F





Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Lisa Dobson: (Step: 2.8.) Pay particular attention to scraping away the underlying mesoderm to obtain a clean neural plate, as this aids the migration of the neural crest cells away from the tissue [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Sandra Gonzalez Malagon: Many other techniques, such as immunostaining, RT-PCR, or single cell analysis, can be performed to study specific proteins or genes of interest within the different populations of the cultured cells [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Karen J Liu: We are interested in the developmental roles of some key neuroblastoma genes likely to be involved in neural crest migration and in using this approach to understand human disease genes [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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